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Abstract 

Delipidization and deproteination methods are essential for the isolation of the 
mineral phase of bone, the biological apatite. In the present work, the effect of the 
above methods on the crystal size and crystallinity of bone mineral was studied. Ten 
bovine bones were subjected to these protocols and their crystal size and crystallinity 
were determined by X-ray Diffraction. In all cases, the delipidization protocol was 
found not to affect these parameters. On the other hand, deproteination method 
induces noteworthy changes. All the results statistically tested for their significance.  

 
INTRODUCTION 

The separation of collagen and bone mineral is important for the bioinorganic 
chemistry either for the study of these two materials or for their application as 
biomaterials. Collagen extraction is usually achieved by the usage of hydrazine [1] or 
sodium hypochlorite [2, 3]. However, sodium hypochlorite has been found to induce 
chemical and structural modifications on biological apatite [4, 5]. Thereof, 
deproteination of bone using hydrazine is the most widely applicable method. 
Furthermore, with the aim of studying bone without disrupting its architecture, the 
removal of lipids and other substances from bone structure is essential. The most 
usual method to achieve this, is the application of a protocol which uses a solution of 
methanol-chloroform [6, 7].  

Although hydrazine is considered as the most effective deproteination method of 
bone, considerations have risen through years regarding the possible modifications 
hydrazine induces to bone mineral. Various researchers examined this issue and have 
concluded that hydrazine causes insignificant changes to biological apatite (BAP) [1, 
9]. However, recently a doubt has been expressed about the influence of hydrazine to 
crystal size and crystallinity [8]. In this study it was attempted to examine this issue. 
Moreover, since delipidization protocols are also used in various laboratories, a 
typical delipidization protocol was also incorporated in this study and its influence on 
BAP was examined too. 

 
MATERIALS AND METHODS  
Materials 

Ten parallelepiped pieces of small thickness were cut from a cortical bovine bone in 
microtome. The chemicals used, were a 1:1 mixture of methanol-chloroform for the 
extraction of lipids (delipidization) [6, 7] and hydrazine monohydrate for the 
deproteination of bone [1]. 
  
 Methods 

The ten bone pieces were divided in two groups of five. The first group was subjected 
to the delipidization protocol of 1:1 methanol-chloroform for the extraction of lipids 
and sequentially to the deproteination protocol with hydrazine. The second group was 
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subjected only to the deproteination protocol. At this point it should be mentioned that 
the applied protocols slightly deviate from these proposed in bibliography. In 
particular, for the delipidization method the mixture of methanol-chloroform was 
renewed every 1 or 2 hours and the immersion in ultrasonic was repeated more times. 
Concerning the deproteination method, there was a change in the final washing by 
using 80% ethanol solution once and absolute ethanol five times, in order to reduce 
contact with water. 
 Before and after the implementation of each protocol, bone samples were 
examined by XRD. Five diffraction patterns were obtained from different points of 
each sample. In particular, after every measurement the piece of bone was slightly 
rotated in order to avoid the influence of orientation. For the estimation of the 
crystallite size and crystallinity of BAP, the XRD reflection which appears at 25.9 
(2θo) and is attributed to the (002) crystal plane was chosen. The diffraction patterns 
were obtained in a Bruker D8 Advance instrument in the region of 24.5-27.5 (2θο) 
with a step of 0.02 (2θο) and 3s time per step. The source slit was 0.6 mm.  

 RESULTS AND DISCUSSION 
For the estimation of crystallite size the well-known Scherrer’s equation [10] was 
used: 
 

m

KλL=
β cosθ

     (1) 

 
where L is the crystal size in Å, λ=1.540562 Å is the wavelength of Cu Ka radiation, 
βm is the full width at the half of the maximum intensity (FWHM) of an individual 
peak (expressed in radians) and θ is the 2θ degrees of the maximum of the peak. K is 
a constant related to the crystallite shape and it is approximately equal to unity. 
 The total broadening of a peak in the diffraction pattern is the contribution of 
three factors: crystallite size, lattice strain and instrumental broadening [11, 12]. 
Crystallite size, as already mentioned, is described by Scherrer’s equation. Lattice 
strain is proportional to the 1/tanθ but for the simplicity of the calculations will be 
neglected as elsewhere [13, 14]. The instrumental broadening contribution was fitted 
by a Gaussian function and is expressed by the equation: 
 

2 2 2
t m instβ β β= +    (2) 

 
where tβ , mβ  and instβ  are FWHM corresponding to the total width of the peak, the 
contribution of the crystallite size and the instrumental broadening. In order to 
calculate the instrumental broadening, a standard sample with unstrained structure is 
needed. For our purpose this was BAP after sintering at 850oC for 2 hours [15]. 
Sintered BAP was chosen because it is known that sintering of hydroxyapatite at 
elevated temperatures tremendously increases its crystallinity [15]. 
 Crystallinity is defined as the fraction of the crystalline phase in the total mass 
of BAP and is noted as Xc. For the evaluation of crystallinity, an empirical formula 
was used [14]: 
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where KA is a constant which is equal to 0.24 for the case of hydroxyapatite and βm 
the FWHM in degrees. 
 In Table 1 the values of crystal size of BAP in Å, its standard deviation for the 
untreated bones, as well the values of the same bones after the application of 
delipidization procedure and after the deproteination procedure can be found. Each 
value presented is the mean of five measurements.  

Table 1. Values for crystal size in Å and their standard deviation for bones before 
and after their subjection to delipidization and deproteination protocols 

Untreated After delipidization After deproteination Sample 
L (Å) SD L (Å) SD L (Å) SD 

1 334.6 5.1 328.1 6.0 379.6 9.9 
2 317.7 11.9 305.3 14.8 365.1 7.9 
3 324.0 3.6 320.1 7.5 397.9 5.7 
4 245.9 18.8 251.5 15.4 312.3 19.5 
5 291.0 14.9 288.2 23.6 357.5 7.5 
6 295.0 4.8 ― ― 370.9 14.8 
7 317.6 10.3 ― ― 358.9 22.4 
8 282.2 15.8 ― ― 351.1 14.9 
9 284.3 9.8 ― ― 321.9 26.4 

10 314.0 10.5 ― ― 368.8 10.9 
  
Comparing the crystal sizes of each bone before and after the delipidization method, it 
is apparent that their differences are minor (see table 2). In particular, their % 
deviation from the untreated bones does not exceed 4% and in most of the cases is 
less than 2% indicating no affection of the crystal size of biological apatite by the 
delipidization procedure of bone.  
 On the other hand, there is an apparent difference in the value of crystal size of 
BAP before and after the deproteination method. In all cases an increase in crystal 
size was observed after the subjection of bones in hydrazine, demonstrating that it 
actually affects crystal size. As it can be seen in table 2, the increase in crystal size 
varies from 13% to 27%. Although, previous researchers have questioned the effect 
that hydrazine on bone mineral [8, 16], it is the first time, to our knowledge, that a 
proof is given that indeed hydrazine affects crystal size of bioapatite. 
  

Table 2. % deviation of crystal size after delipidization and deproteination from the 
untreated bones and the values of t-test for each bone, given that tcritical=2.31 

After delipidization After deproteination Sample 
% |∆L|/L |t| % |∆L|/L |t| 

1 1.9 1.85 13.4 9.03 
2 3.9 1.46 14.9 7.40 
3 1.2 1.06 22.8 24.57 
4 2.3 0.52 27.0 5.48 
5 1.0 0.22 22,9 8.94 
6 ― ― 25.7 10.93 
7 ― ― 13.0 3.74 
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8 ― ― 24.4 7.09 
9 ― ― 13.2 2.99 

10 ― ― 17.5 8.09 
  
In order to validate the results, a statistical t-test assuming equal variances was 
performed and the resulting values are presented in Table 2. As already mentioned, 
each value of L presented in table 1 is the mean of five replications. t-test compares 
the differences of these 10 values of L (five before and five after the application of the 
hydrazine protocol). The calculated value of |t| is then compared to the critical value 
of t. If t<tcritical the difference is negligible while if t>tcritical the difference is 
significant. t-test verified the initial conclusions: a) the depilidization method does not 
affect BAP, b) hydrazine protocol indeed increases crystal size of biological apatite. 
 Since increase in crystal size of BAP was observed due to the decrease of 
FWHM of the peak at 25.9 (o2θ) (eq. 1) a similar behavior for BAP crystallinity (eq. 
2) it is anticipated. In Table 3 the fraction of crystallinity and its standard deviation 
for each bone before and after the application of the protocols are presented.  

Table 3. Values of crystallinity and their standard deviation for bones before and 
after subjection to delipidization and deproteination protocols 

Untreated After delipidization After deproteination Sample 
Xc SD Xc SD Xc SD 

1 0.545 0.025 0.514 0.028 0.797 0.063 
2 0.467 0.052 0.416 0.061 0.708 0.047 
3 0.494 0.016 0.477 0.034 0.915 0.039 
4 0.218 0.051 0.232 0.043 0.444 0.083 
5 0.359 0.056 0.352 0.091 0.663 0.042 
6 0.373 0.018 ― ― 0.746 0.09 
7 0.468 0.045 ― ― 0.680 0.123 
8 0.330 0.054 ― ― 0.635 0.079 
9 0.337 0.035 ― ― 0.496 0.122 

10 0.451 0.046 ― ― 0.731 0.065 

 

Table 4. % deviation of crystallinity after delipidization and deproteination from the 
untreated bones and the values of t-test for each bone, given that tcritical=2.31 

After delipidization After deproteination 
Sample % 

|∆Xc|/Xc 
|t| % 

|∆Xc|/Xc 
|t| 

1 5.7 1.85 46.2 8.36 
2 10.9 1.44 51.6 7.71 
3 3.4 1.02 85.2 22.36 
4 6.4 0.47 103.7 5.19 
5 1.9 0.14 84.7 9.73 
6 ― ― 100.0 9.08 
7 ― ― 45.3 3.64 
8 ― ― 92.4 7.12 
9 ― ― 47.2 2.80 
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10 ― ― 62.1 7.87 

 As in the case of crystal size, the same conclusions arise. Delipidization procedure 
does not markedly alter crystallinity while deproteination method induces a noticeable 
increase in it. These results are also verified by the statistical tests demonstrated in 
table 4. 

 

 CONCLUSION 
In the original work of Termine [1] the results obtained by X-ray Diffraction showed 
no difference in the broadening of the peak at 25.9 (o2θ) indicating no effect on 
crystal size and crystallinity of bone mineral. However, the current results contradict 
this view. Probably, hydrazine’s influence on crystal size and crystallinity is a time 
depending process. In this study, the examined bones were subjected to Termine’s 
protocol three times. Maybe this was a key factor for the observed modifications.  
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