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ABSTRACT 

Blood is the medium which provides the vital inorganic ions, biological molecules, 

growth factors, proteins, and vitamins to the nanocrystals formed by cells in human hard tissues, 

i.e., bones and teeth. Blood pH is stabilized at 7.4 by a fine balance between carbonic anhydrase 

and bicarbonate ions. For a healthy person, blood temperature is confined to 36.5°C. Inorganic 

ions (such as Ca
2+

, Mg
2+

, Na
+
, K

+
, HCO3

-
, HPO4

2-
, Cl

-
) present in blood are also found in the 

nanocrystals of hard tissues. These nanocrystals are not stoichiometric hydroxyapatite, but they 

are non-stoichiometric and heavily doped substances. Biomimetic syntheses performed at 36.5°C 

and pH 7.4 in synthetic biomineralization media, free of any synthetic, man-made organics, 

produce calcium phosphates of high BET surface area. This article focuses on summarizing our 

continuing efforts in developing new biomineralization media (BM-3, BM-7, Lac-SBF, Tris-SBF 

and urea-enzyme urease-buffered solutions) and the biomimetic synthesis of non-stoichiometric 

and doped calcium phosphate- and calcium carbonate-based hard tissue substitute materials. The 

specifics of media development and the full characterization (via electron microscopy, XRD, 

FTIR, ICP-AES, BET, and cell culture) of the synthesized biomaterials are summarized. 

 

BIOMIMETIC SYNTHESIS 

If CO2 gas is bubbled through an aqueous solution of 2.5 mM CaCl2⋅H2O, it will start 

precipitating sub-micron particles of CaCO3 (either calcite or a biphasic mixture of calcite and 

vaterite depending on the solution pH, CO2 bubbling rate, and the solution temperature and 

stirring rate). Human blood has a Ca
2+

 concentration of 2.5 mM. CO2 bubbles first cause the 

formation of carbonic acid, H2CO3, which then dissociate into HCO3
-
 and CO3

2-
. The reversal of 

these dissociation reactions will cause the release of CO2 gas out of the solution, and a slight 

increase in solution pH. Marques et al. [1] have explained the buffering effect of HCO3
-
/CO3

2-
 

pair. However, an addition of 27 mM NaHCO3 to the above solution can eliminate the necessity 

of bubbling CO2, and it would again form CaCO3 precipitates. Human blood has a HCO3
-
 

concentration of 27 mM. Then, if one adds 1 mM Na2HPO4 into this solution, it will precipitate 

calcium phosphates instead of CaCO3. Human blood has a P concentration of 1 mM. This 

solution has a Ca/P molar ratio of 2.50, just like the human blood. This solution has an ionic 

strength of 75 mM. It is saturated with respect to the formation of apatitic calcium phosphates, 

and it contains Ca
2+

, HPO4
2-
, HCO3

-
, Na

+
, and Cl

-
 ions. When the pH of the above solution is 

brought down to the range of 5 to 6, for instance, by adding tiny droplets of dilute HCl, it will 

only precipitate CaHPO4⋅2H2O (brushite). If the pH value of that solution is kept at the 

physiological value of 7.4 or higher, it would precipitate carbonated, apatitic calcium phosphates. 

Over the pH range of 6.2 to 10, HCO3
-
 is the most stable carbonate species in aqueous solutions. 

The precipitation of carbonated, Ca-deficient and apatite-like (apatitic) calcium phosphates from 

such a solution is described by the following reaction: 

 

(10-x-y)Ca
2+ 

+ (6-x-y)HPO4
2- 

+ yHCO3
- 
+2H

+ 
+ 2OH

- 
=  

Ca10-x-y[(HPO4)x(CO3)y(PO4)6-x-y](OH)2-x+ (8-x)H
+ 
.                                              (1) 
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According to the above scheme, HPO4
2-
 and CO3

2-
 ions compete for the PO4

3-
 tetrahedra. CO3

2-
 

ions may also compete for the hydroxyl sites. The charge imbalance created by these 

substitutions will be compensated by the Ca-vacancies. Monovalent Na
+
 and K

+
 ions, as well as 

the divalent Mg
2+

 ions, will also substitute over a certain fraction of the Ca-sites. In the hard 

tissue nanocrystals Na
+
, K

+
 and Mg

2+
 ions also participate in the complex chemistry of the 

formed apatitic CaP (Ap-CaP). Bone mineral, having extremely small sizes of biological apatite 

crystals (i.e., 20 to 30 nm), contains substantial amounts of CO3
2-
 (4 to 8 wt%), 0.5% Mg

2+
, 0.7% 

Na
+
, and is about 10% Ca-deficient with the accompanying increase in reactivity related to this 

condition [2]. Precipitation of apatitic calcium phosphates may also be accompanied by a slight 

pH decrease (Eq
n
 1). All the precipitated apatitic calcium phosphate powders, therefore, possess, 

some kind of Ca-deficiency, HPO4
2-
 and CO3

2-
 ions in their crystal structures. The addition of 5 

mM K
+
, 1.5 mM Mg

2+
, and 0.5 mM SO4

2-
 ions into a solution as described above may result in 

the production of either x-ray amorphous CaP (ACP) or cryptocrystalline (i.e., yielding poor 

crystallinity XRD patterns incapable of resolving the apatite’s quartet of peaks, namely (211), 

(112), (300) and (202) reflections, over the Cu Kα-radiation 2θ range of 30 to 35°, some 

researchers are used to call such a material “poorly crystalline”) depending on the synthesis 

conditions/parameters and depending on how well the pH was maintained constant at 7.4 and 

36.5°C. Human blood contains 5 mM K
+
, 1.5 mM Mg

2+
 and 0.5 mM SO4

2-
. Increasing the 

amount of Na
+
 and Cl

-
 ions to the levels present in human blood plasma (i.e., 142 and 103 mM, 

respectively) would just increase the ionic strength of the biomimetic synthesis solution to that of 

the human blood plasma, which is 149.5 mM. The ionic strength (I) of the human blood plasma 

is calculated as shown below. 

 

     Ca
2+

           Na
+
           HPO4

2-
                 Cl

-
 

I = ½ [(2.50x10
-3
)(2)

2 
+ (1.42x10

-1
)(1)

2 
+ (1.0x10

-3
)(2)

2 
+ (1.03x10

-1
)(1)

2
  +  

      HCO3
-
         K

+
                    Mg

2+
          SO4

2-
 

+(2.7x10
-2
)(1)

2 
+ (5x10

-3
)(1)

2
 + (1.5x10

-3
)(2)

2 
+ (5x10

-4
)(2)

2
] = 0.1495 M = 149.5 mM 

 

Theoretically, if a solution has a low ionic strength, this means that the ionic diffusion will be 

enhanced in such a solution. In a solution of low ionic strength and high ionic diffusion, more 

nucleation sites are present for the precipitation reactions. CO2 is released from an aqueous 

solution at a faster rate if the solution has a low ionic strength [1]. The presence of NaCl in 

human blood plasma is for the purpose of adjusting the value of the ionic strength at 149.5 mM. 

On the other hand, if one increases the ionic strength of a solution to much higher values, such 

as, 600 mM [3] or 1100 mM [4], its rate of CO2 release would be slowed down significantly. The 

presence of 1.5 mM Mg
2+

 in the biomimetic synthesis or biomineralization media is for basically 

suppressing the growth of well-crystallized apatitic calcium phosphates, favoring instead the 

formation of cryptocrystalline apatitic calcium phosphates or even ACP in numerous cases [5]. 

 The simplest aqueous solution we developed which can be used in the biomimetic 

synthesis of hard tissue substitutes or regeneration materials, to replace distilled or deionized 

water, is the SIEM (saline ionic essentials medium) solution. The composition of SIEM (with a 

pH value close to that of blood plasma) is given in Table 1, which needs to be prepared in a 

preboiled deionized water. Heating deionized water to a rolling boil ensures the removal of any 

dissolved HCO3
-
 in it, therefore, it becomes possible to start a careful solution preparation or  

synthesis procedure by using water free from HCO3
-
. The SIEM solution has an ionic strength of 

133 mM, it perfectly matches the Mg
2+

, K
+
, SO4

2-
, and HCO3

-
 ion concentrations of blood 

plasma perfectly, has a Na
+
 concentration similar to that of blood plasma, and most importantly 

it is a solution free of any colloidal (i.e., invisible to naked eye) precipitates, it will also not 

precipitate anything when heated to the physiological temperature of 36.5°C. The solution in 
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Table 1 is frequently used in our labs, in place of pure (i.e., deionized) water, in synthesizing 

powders or granules of brushite, amorphous CaP, carbonated Ca-deficient apatite and CaCO3. 

We also use this solution, instead of pure water, in determining/testing the in vitro dissolution 

rates of various calcium phosphates or polymer/CaP hybrids we synthesize. 

 

Table I  Preparation of 1 liter of SIEM (Saline Ionic Essentials Medium) 

 

Chemical Amount 

(g/L) 

Ion in SIEM Concentration 

(mM) 

Na2SO4 0.071 Na
+
 123 

MgCl2⋅6H2O 0.305 Mg
2+

 1.5 

KCl 0.373 K
+
 5 

NaCl 5.552 Cl
-
 103 

NaHCO3 2.268 HCO3
-
 27 

  SO4
2-
 0.5 

 

If one only replaces, in Table 1, NaHCO3 with 1.84 g of NaOH, then the resulting solution 

(SIEM-A) will perfectly match the Na
+
(142 mM), Cl

-
 (103 mM), K

+
 (5 mM), Mg

2+
 (1.5 mM) 

and SO4
2-
 (0.5 mM) concentrations of the human blood plasma and the SIEM-A solution will 

have a pH of about 12 at room temperature. The highly novel SIEM-2 solution is especially 

useful in obtaining in vitro (actually in Teflon

) alkaline conditions exactly at the human blood 

plasma concentrations and we use the SIEM-2 solution to simulate the alkaline phosphatase 

(ALP) environment in our labs. 

 The early work of Ringer [6] is perhaps among the most neglected in the science 

literature, in which he identified the influence of most of the inorganic ions present in blood 

plasma on the contraction of ventricles. Ringer’s original solution possessed 130 mM Na
+
, 4 mM 

K
+
, 109 mM Cl

-
 and 1.4 mM Ca

2+
 at a time when the accurate determination of the ion 

concentrations of blood plasma was almost impossible [6]. Owing to this neglect, it is sad but not 

surprising to encounter today some research articles which incorrectly labels the soaking of 

cotton fibers first in a solution of (NH4)2HPO4 and then into a solution of Ca(NO3)2⋅4H2O as 

“biomimetic synthesis” [7]. Likewise, mixing a solution of chitosan dissolved in acetic acid with 

a solution of Ca(NO3)2⋅4H2O cannot not be regarded as biomimetic synthesis [8]. Literature is 

filled with such mislabeled research efforts. Do mammalians have ammonium or nitrate ions in 

their intra- or extracellular fluids? 

 

BIOMINERALIZATION MEDIA 

Table 2 lists the biomineralization media we developed in our labs since 1996 [9]. Each 

one of these solutions have been shown by us to be effective in different applications, including 

their use in biomimetic powder, whisker or granule synthesis, in depositing bonelike 

nanoparticles of calcium phosphates on the surfaces of metals, ceramics and polymers, in 

transforming the soaked materials (Ti, Ti6Al4V, 316L stainless steel, CaCO3, numerous calcium 

phosphates, sodium silicate glasses, collagen, cellulose, cross-linked gelatin, cross-linked 

polyvinyl alcohol hydrogels, etc.) into higher BET surface area end-products or in transforming 

one calcium phosphate into another at 36.5°C and pH 7.4. The most significant advantage such 

biomineralization media exhibit is their ability (upon simple soaking runs performed at 36.5°C in 

sterile glass media bottles) to increase the surface area of the synthetic hard tissue regeneration 

materials by then allowing enhanced adsorption of blood proteins, blood biomolecules and blood 

growth factors to the new surfaces. Any synthetic biomaterial, regardless of being a ceramic, 
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metal or polymer, shall indeed pass a very difficult exam within the first 72 h of their in vivo 

implantation. In brief, the surface of any hard tissue regeneration biomaterial which is not 

suitable for the attachment of blood proteins (lack of any significant surface area (in m
2
/g) is one 

of the main culprits here) and for the osteoblast attachment/proliferation will eventually fail in 

apposition to the surface of the natural bone tissue.  

 

Table II Biomineralization media developed [9] 

 

Chemical Amount (g/L) used to prepare the media in 1 L of water 

 Tris-SBF 
10

 Lac-SBF 
11

 BM-3 
12

 BM-7 
12

 

Na2SO4 0.071 0.071 - - 

MgCl2⋅6H2O 0.305 0.305 0.166 0.166 

KCl 0.373 0.373 0.398 0.398 

NaCl 6.546 5.260 4.787 4.787 

NaHCO3 2.268 2.268 3.701 3.701 

CaCl2⋅2H2O 0.368 0.368 0.265 0.333 

Na2HPO4 0.142 0.142 - - 

NaH2PO4⋅H2O - - 0.125 0.125 

Tris 6.057 - - - 

1 M HCl 35 mL - - - 

Na-lactate - 2.466 - - 

1 M Lactic acid - 1.5 mL - - 

     

Ca/P molar ratio 2.50 2.50 1.99 2.50 

 

The Tris-SBF (synthetic body fluid) solution we developed through 1996-1997 [10] is the 

first and still the only Tris-buffered SBF solution which is capable of strictly matching the 

HCO3
-
 concentration (i.e., 27 mM) of the human blood plasma. The step-by-step preparation 

recipe of this solution is given elsewhere [9]. Tris-SBF was shown to (i) deposit (via so called 

“biomimetic coating”) cryptocrystalline apatitic CaP on pure Ti [13] and Ti6Al4V [14-16], (ii) 

transform apatitic CaP, β-TCP (Ca3(PO4)2) or biphasic apatitic CaP-TCP whiskers into high 

surface area (120 m
2
/g, BET method) osteoblast proliferating biomaterials [17, 18], and (iii) to 

increase the BET surface area of collagen membranes and sponges by coating those with apatitic, 

Ca-deficient, carbonated apatite nanoparticles [19] at 36.5-37°C and pH 7.4. Tris-SBF (of 27 

mM HCO3
-
 concentration) is also a versatile aqueous medium to synthesize the powders of x-ray 

amorphous CaP (ACP) nanoparticles (with mean particle sizes of 60 nm and BET surface area of 

250 m
2
/g) at 37°C and pH 7.4 [10, 20]. 27 mM HCO3-Tris-SBF [10] solutions can also be used 

to in situ produce cryptocrystalline, carbonated apatitic CaP nanoparticles upon keeping these 

solutions in sealed and sterile glass media bottles in a refrigerator (+4°C) for 120 days, as shown 

in the ATR-FTIR, BET, XRD and TEM data presented in Figure 1. The resulting nanoparticles 

were found to have amazingly high surface areas (900 m
2
/g; Fig. 1). Such high surface area 

biomaterials (which are composed of apatitic CaP of unquestionable biocompatibility with the 

human body) are strong candidates for novel drug carrier/delivery applications. 

 SBF solutions need not always be buffered to the physiological pH (7.4) by using Tris or 

Hepes. We have developed quite a reliable method of buffering our 27 mM HCO3-containing 

SBF solutions by using the urea-enzyme urease pair [21]. In this technique, we first added urea 

(H2NCONH2) to the SBF solution at the concentration of 0.78 M, followed by adding the 

enzyme urease at different amounts as shown in Figure 2. When one added the enzyme urease to  
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Figure 1. FTIR, BET surface area, XRD, and TEM data of the in situ precipitates of 27 mM 

HCO3-Tris-SBF solutions kept in sealed bottles at 4°C for 120 days 

 

 

 
Figure 2. pH control provided by enzyme urease (shown at two different enzyme 

concentrations) in urea-containing body fluids at 37°C. 
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the urea containing SBF solution at the concentration of approximately 7 Units/mL, the enzyme 

urease then catalyzed the thermal decomposition of urea at 37°C very smoothly and the solution 

pH was stabilized at 7.4 in less than an hour to remain stable at that pH for the following 1 week 

of ageing (at 37°C) [21]. To such urea-enzyme urease-containing SBF solutions one can 

simultaneously add significant amounts of CaCl2⋅2H2O and Na2HPO4 salts to produce CaP 

powders at the larger scale. If one adds the same amount of salts to pure SBF, then the pH drops 

quite rapidly. This is a robust method for the biomimetic synthesis of carbonated nanoparticles of 

apatitic CaP. 

The step-by-step preparation recipe for the Lac-SBF solutions is reported elsewhere [9, 

11]. Lac-SBF solutions do not use Tris or Hepes, but they employ the pair of Na-lactate and 1 M 

lactic acid (only 1.5 mL of lactic acid is used in preparing 1 L of Lac-SBF, this is a very small 

amount) to adjust the solution pH at the physiological value of 7.4 and at 37°C. The Lac-SBF 

solution was found to be capable of producing a biomimetic coating on the alkali-treated (5 M 

NaOH solution, 60°C, 24 h soaking) pure Ti substrates as shown in Figure 3. The undercoat seen 

 

  
2 days in Lac-SBF @37°C    3 days in Lac-SBF @37°C 

   
4 days in Lac-SBF @37°C    7 days in Lac-SBF @37°C 

 

Figure 3. Progress of biomimetic coating on the surfaces of alkali-treated Ti (not Ti6Al4V) 

substrates (10 x 10 x 1 mm) soaked in 75 mL of Lac-SBF solutions at 37°C. 

 

in 2 and 3 days samples are noticeably different than those produced by 27 mM HCO3-Tris-SBF 

solutions [14-16]. However, the samples kept in solution for 4 and 7 days were quite similar in 

morphology to the 27 mM HCO3-Tris-SBF coatings. Based on the evidence provided in the data 

of Fig.3, Lac-SBF solutions can be used in place of Tris-buffered SBF solutions. Some opinions 
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against the use of Tris-buffered SBF solutions in testing the bioactivity of synthetic biomaterials 

are already in place. For instance, a recent article by Boccaccini et al. [22] disclosed that the 

Tris-buffer present in the SBF (simulated/synthetic body fluid) solutions was causing an 

increased dissolution of the surface constituents of soaked bioglass and glass-ceramics samples 

and therefore led to the premature crystallization of apatite on sample surfaces, tarnishing the 

reliability of those so-called in vitro bioactivity measurements based on such SBF solutions. Tris 

is known to be a calcium chelator [23]. 

 Lac-SBF solutions can also be used in the biomimetic transformation (at 37°C) of 

brushite (CaHPO4⋅2H2O) into biphasic octacalcium phosphate (OCP)-Ca-deficient apatitic CaP, 

as shown in Fig. 4. Brushite is a mildly acidic calcium phosphate compound, although it can 

transform rapidly into the bone mineral when implanted [24]. The biomimetic transformation of 

brushite (by soaking in a Lac-SBF solution) into biphasic OCP-HA before its implantation may 

circumvent any tissue inflammation problems associated with the direct use of brushite powders, 

cements or granules [25]. The change in morphology of brushite particles soaked in Lac-SBF 

solutions at 37°C is shown in the SEM images of Fig. 5. The BET surface area of brushite 

powders increased from about 1 m
2
/g (as is powders) to 120 m

2
/g upon soaking for 1 week in the 

Lac-SBF solutions. This increase in surface area is one of the key advantages of such biomimetic 

transformations performed in a solution such as Lac-SBF (which perfectly matches all the 

inorganic ion concentrations of the human blood plasma). Brushite is a very easy-to-synthesize 

CaP even in industrial large-scale proportions, and this study showed a robust way of turning 

such inexpensive bioactive and non-cytotoxic brushite into a biomaterial with a significantly 

large surface area. Large surface area biomaterials can be used in drug delivery applications 

especially in cancer-related research. The particle sizes of these new biomaterials are also large 

enough not to migrate through the blood-brain barrier (BBB). 

 

 
 

Figure 4. XRD data of 1 g brushite powders soaked in 75 mL of Lac-SBF solutions at 37°C 

for different periods (1 day to 1 week), 1: OCP, 2: brushite and 3: HA peaks. 
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2 days       7 days 

 

Figure 5. The SEM images of 1 g of brushite powder soaked in 75 mL Lac-SBF solution 

for 2 days and 1 week at 37°C. 

BM-3 and BM-7 solutions of Table II are biomineralization media we developed based 

on the inorganic ion concentrations of DMEM (Dulbecco’s Modified Eagle Medium) solutions 

which are extensively used as media in performing the cell culture studies. BM-3 solution has a 

Ca/P molar ratio of 1.99 just like the DMEM solutions. It shall be remembered that DMEM 

solutions also contain amino acids, vitamins, glucose and Hepes, our solutions, on the other 

hand, do not contain any of these, therefore, these are very easy-to-prepare in large volumes. 

BM-7 solution has a Ca/P molar ratio of 2.5 similar to the human blood plasma. BM-3 solutions 

of pH 7.4 were found to have the unique ability of transforming brushite soaked in those (no 

stirring or agitation needed) at 37°C to single-phase octacalcium phosphate (OCP) in less than 72 

hours [12], as shown in Fig. 6. BM-3 solutions thus provide a simple alternative to the 

biomimetic synthesis (i.e., in a solution containing Na
+
, K

+
, Ca

2+
, Mg

2+
, HCO3

-
, HPO4

2-
 and Cl

-
 

ions just like the human blood plasma) of OCP. Previous literature is not able to show a synthesis 

method for OCP similar to this one. BM-7 solutions were found to have the similar ability of 

transforming brushite into octacalcium phosphate, but the crystallinity of OCP particles obtained 

in BM-7 solutions were much less in comparison to those obtained in BM-3 solutions. 

 

 
 

Figure 6. OCP (Ca8(HPO4)2(PO4)4⋅5H2O) crystals synthesized at 37°C in less than 72 h in 

75 mL of BM-3 solution by starting with 1 g of brushite powders.  
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BM-7 solutions were found to coat x-ray amorphous CaP (ACP) on glass and pure Ti 

substrates. Figure 7a shows two glass slides; one of them was immersed into the BM-7 solution 

for only 24 h at 37°C. Figure 7b shows the SEM image of the ACP-coated bottom slide shown in 

Fig. 7a. To the best of our knowledge, there have been no solution recipes available in the 

previous literature with the ability of coating ACP. Figure 8 showed the SEM, XRD, and FTIR 

data for the ACP deposits obtained on alkali-treated Ti soaked in BM-7 solution for 24 h, 37°C. 

  

  
A       B 

Figure 7. Digital camera (7a) and SEM (7b) images of ordinary glass slides coated with 

amorphous CaP (ACP) upon soaking in the BM-7 solution for 24 h at 37°C. 

 

 
 

Figure 8. SEM (a) and (b), XRD (c), and FTIR (d) data for alkali-treated Ti soaked in BM-7 

solution for 24 h at 37°C. 
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Soaking of brushite granules in BM-7 solutions (72 h, 37°C) increased their BET surface 

area from around 1 to 115 m
2
/g [11]. The SEM images of Fig. 9 depicted the nanotextured 

surface formed after BM-7 soaking. Such examples of surface engineering on brushite particles 

or granules were not reported before. 

 

  
9a       9b 

 9c 

 

Figure 9. SEM images depicting the change in surface texture of brushite soaked in BM-7 

solutions for 72 h at 37°C  ( (a) as is, (b) and (c) upon soaking in BM-7 for 72 h ). 

 

The major advantage with the BM-3 and BM-7 solutions [12], over those of 27 mM 

HCO3-Tris-SBF and Lac-SBF (Table II), is obviously the simplicity of the solution preparation. 

They require no Tris, Hepes or Na-lactate buffering. One adds all the chemicals, one by one, into 

deionized water and the solution instantly becomes ready to use. On the other hand, SBF 

solutions do require careful pH adjustments by using either Tris-HCl or Na-lactate-lactic acid 

pairs. Moreover, in preparing SBF solutions one first encounters a solution turbidity (caused by 

the formation of colloidal calcium phosphate precipitates) and that turbid solution then turned 

into a transparent one either by slow and careful additions of 1 M HCl (35 to 40 mL in case of 

SBF) or 1 M lactic acid (1.5 mL in case of Lac-SBF) solutions. During the SBF preparations, the 

operator must stop adding the acid right at the moment where the pH-meter reads 7.4. This also 
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places a burden on the accurate calibration of the pH meter just prior to the SBF preparation. If 

the person (typically a less-experienced student or a young researcher lacking the solution 

preparation skills) preparing the SBF solution stops adding the acid a bit late, e.g., stopping when 

the pH was already dropped to 7.25, and if that person still wishes to use this solution as the 

SBF, his/her results would be significantly influenced or altered by this low pH of the solution. 

BM-3 and BM-7 solutions, therefore, do not present any such difficulties as long as the person in 

charge of preparing such solutions has a carefully calibrated analytical balance available to 

weigh the chemicals of Table II.  

 It is also possible to synthesize x-ray amorphous calcium phosphate (ACP) powders in 

solutions which (i) mimic the ion concentrations of the human blood plasma and (ii) are free of 

any buffering agents such as Tris or Hepes. This is accomplished by using Ca metal (elemental) 

as the only Ca source during syntheses [9, 26]. ACP powders are biomimetically synthesized as 

follows; 0.187 g KCl, 0.153 g MgCl2⋅6H2O, 2.776 g NaCl, 1.134 g NaHCO3 and 0.355 g 

Na2HPO4 are dissolved, one by one, in 500 mL of deionized water, and then 0.251 g Ca metal is 

added to the above solution. The solution needs to be stirred at room temperature for 30 min. The 

formed precipitates are removed from the solution by filtering, washed with water and dried at 

room temperature. ACP powders consist of 50 nm diameter spherical particles, as shown in Fig. 

10. 

 

 
 

Figure 10. (a) Biomimetic ACP nanopowders synthesized by using Ca metal 
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Figure 10. (b) Biomimetic ACP nanopowders synthesized by using Ca metal 

 

Similarly, cryptocrystalline apatitic CaP powders are biomimetically synthesized as 

follows; 0.187 g KCl, 0.153 g MgCl2⋅6H2O, 2.776 g NaCl, 1.134 g NaHCO3 and 0.71 g 

Na2HPO4 are dissolved, one by one, in 500 mL of deionized water, and then 1.838 g CaCl2⋅2H2O 

is added to the above solution [9, 26]. The solution needs to be stirred at room temperature for 30 

min. The formed precipitates are removed from the solution by filtering, washed with water and 

dried at room temperature. Cryptocrystalline powders consist of 150 nm diameter spherical 

particles, as shown in Fig. 11. 

 

 
 

Figure 11. (a) Biomimetic cryptocrystalline CaP nanopowders synthesized by adding 

CaCl2⋅2H2O to a SIEM solution 
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Figure 11. (b) Biomimetic cryptocrystalline CaP nanopowders synthesized by adding 

CaCl2⋅2H2O to a SIEM solution 

 

CONCLUSION 

Five separate biomineralization media (SIEM, 27 mM HCO3-Tris-SBF, Lac-SBF, BM-3, 

and BM-7) are reported. All of these media can be used, in place of distilled or deionized water, 

in synthesizing biomimetic ceramics, polymers or hybrids of ceramics-polymers (ceramers). All 

of these media can also be used in determining the solubility or dissolution rates of newly-

synthesized biomaterials, since these solutions try to mimic the inorganic ion composition the 

human blood plasma. Most of these media can be used in increasing the BET surface area of 

newly synthesized biomaterials. The examples provided here showed that metal or ceramic 

surfaces can be altered upon soaking in such media. Although the conventional SBF recipe was 

mainly promoted over the last two decades to test the so-called in vitro bioactivity of synthetic 

biomaterials, biomineralization media and the more advanced SBF solutions reported here shall 

be regarded as versatile tools for surface engineering of biomaterials for numerous clinical 

applications. We do not suggest the use of SBF solutions in testing the in vitro bioactivity of 

biomaterials since the best medium to test the in vitro bioactivity of biomaterials is the “cell-free 

cell culture solutions,” such as DMEM or α-MEM (minimum essentials medium), which are 

already available as sterile solutions from different vendors all over the world.  
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