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Abstract
Agent with both great blood clotting activity and bone regeneration ability is deserved to replace conventional bone wax. Recently, hydroxyapatite (HA) has attracted 
interests from researchers with its both hemostatic and bone healing functions. In present work, the blood clotting activity comparisons of HA to other potential bone 
repairing materials including calcium silicate, calcium combined attapulgite, calcium tripolyphosphate, and chitosan were carried out to show HA as a recommended 
hemostatic component to replace bone wax. In addition, the impacts of HA synthesis routes on its blood clotting activity were evaluated, indicating increase of surface 
area as well as active Ca2+ of HA can greatly enhance blood clotting. With these attributes, it is expected HA can be a promising component in fabricating hemostatic 
materials in orthopedic applications as alternatives to bone wax.
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Introduction
Hemostatic agent is critical for successful clinical outcomes in bone 

defects surgery. Conventionally, beeswax-based bone wax has been used 
as hemostatic agent. But it is challenged for its poor biodegradation 
and biocompatibility [1]. Potential alternative hemostatic candidates 
in orthopedic surgery include both natural polymers such as collagen, 
cellulose, gelatin etc. and inorganic materials such as zeolite, clays, and 
silica. However, these materials may have different problems for clinical 
practice. For example, as shown in a current spinal surgery study on 
rats, hemostatic polymers may cause undesirable complications such 
as inflammation and fibrosis [2]. On the other hand, the inorganic 
materials may be associated with non-biocompatible and/or non-
biodegradable nature, as well as hydration related thermal issue [3,4]. 

In principle, an ideal hemostatic agent for orthopedic applications 
should not only be able to stop bleeding but also promote bone healing. 
Recently, hydroxyapatite (HA, Ca10(PO4)6(OH)2) has attracted interests 
from researchers because of its hemostatic properties, besides its more 
well-known bone healing function [5,6]. Initially HA was combined 
with hemostatic polymers to improve their limited osteoconductivity. 
For example, Hoffmann fabricated a HA/starch/chitosan composite 
hemostatic material, proposed to be a substitute for bone wax or 
even as a bone filling material for orthopedic surgery applications [7]. 
After that, researcher noticed the presence of HA not only improve 
the composite’s bone regeneration ability, but also enhance its blood 
clotting activity. Maruyama et al. combined HA with agarose gel 
and reported the presence of HA can greatly induce activation of 
blood coagulation and platelets aggregation compared to HA or 
agarose alone [8]. While Song et al. deposited HA to porous PLGA 
microspheres and the blood clotting activity was improved in the order 
of HA content increase [5]. Researchers have suggested blood clotting 
activity of HA is attributed to its high affinity with plasma proteins such 

as fibrinogen, and released Ca2+ [8]. Unfortunately, few fundamental 
studies have been carried out to evaluate the blood clotting activity 
of HA in comparison to other potential bone repairing materials 
to highlight its significance as a hemostatic agent in orthopaedic 
applications. Meanwhile, it is also unclear whether the synthesis 
routes of HA have impacts on its blood clotting activity. Therefore, in 
current work we report experimental results of blood clotting activity 
comparisons of 1) calcium based inorganic bone repairing materials 
including HA, calcium silicate (CaSiO3), calcium combined attapulgite 
(Ca-attapulgite, Ca-(Mg,Al)2Si4O10(OH)·4(H2O)), and calcium 
tripolyphosphate (Ca5(P3O10)2); 2) HA and hemostatic polymers such 
as chitosan; 3) HA synthesized following different approaches. 

Material and methods
Chemicals were purchased from Aladdin China if not specified. 

HA was hydrothermally synthesized in an autoclave using Ca(OH)2 
and Na2HPO4 as reported by our group [9]. Generally, an amount of 
0.37 g of Ca(OH)2 was mixed with 300 mL of distilled water to make 
a suspension. Then 0.71 g Na2HPO4 was added to react with Ca(OH)2. 
The prepared liquid mixture was magnetically stirred for 15 min. The 
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pH value of the liquid mixture was kept at 10 using 1M NaOH solution. 
The mixtures were hydrothermally treated in an autoclave for 4hours 
to obtain HA. CaSiO3 was precipitated via the reaction of tetraethyl 
orthosilicate (TEOS) and Ca(NO3)2. Briefly, 12 mL NH3.H2O was 
dissolved in 600 mL distilled H2O with stirring for 30 min. Then, 30 mL 
TEOS and 31.21g Ca(NO3)2.4H2O were added with vigorous stirring 
for 3 hours. The products were collected by filtration and washed three 
times each with distilled H2O and ethanol. Ca-attapulgite was prepared 
using attapulgite purchased from Zijin Mining, China. The powders 
were treated by 24 hours acidification using 6M HCl followed by 24 
hrs 1M CaCl2 incubation with stirring. Meanwhile Ca5(P3O10)2 was 
formed by complexation of 1.11 g CaCl2 and 0.123 g Na5P3O10 (STPP) 
in 100 mL H2O with continued stirring for 30 min. All as prepared 
powders were characterized using X-ray diffraction (XRD, Rigaku) and 
transmission electron microscope (TEM, Zeiss). 

The blood clotting activity was in vitro measured as blood clotting 
index (BCI) [10]. Human blood in addition with the anticoagulant 
citrate dextrose (ACD) (9:1) was used for testing, referred as ACD-
whole blood. This blood was kindly provided by Changzhou No.2 
People’s Hospital. In brief, 0.09 g of powder was used to contact with 
0.27 mL blood sample (0.3mL ACD-whole blood by addition of 0.024 
ml CaCl2 (0.2 mol/L)) at 37°C for 10 min. The free blood was collected 
and diluted into 50 mL for spectrophotometric measurement at 542 
nm. The absorbance of 0.25 mL ACD-whole blood in 50 mL deionized 
water at 542 nm was applied as a reference value. The BCI can be 
quantified by the following equation:

Powders of chitosan, HA and a mixture of both (1:1) were used for 
BCI testing. Besides, considering HA can be combined with chitosan to 
fabricate biomimetic bone scaffold [11], comparison between porous 
chitosan scaffold and HA coated one was also carried out. 600 μL of 
0.015 g/mL chitosan solution in well was freeze dried into porous 
scaffold, which was further incubated into 37°C 1.5x t-simulated body 
fluid (t-SBF) for 7days with solution replenished every 48 hrs to deposit 
HA coatings (Table 1). The surface change of chitosan scaffold after 
SBF incubation was characterized using scanning electron microscope 
(SEM, Zeiss). The t-SBF is a Tris (C4H11NO6) buffered SBF solution 
developed by Tas and Bhaduri, closely mimicking the composition of 
human blood plasma [12]. In present work, the ionic concentrations 
of t-SBF solution were intensified 1.5times to accelerate HA coating 
formation. BCI index and the swelling ability of scaffolds in phosphate 
buffer (PBS) were measured. The swelling ratio of the scaffold at a given 
time(t), Qt, can be calculated using equation below, where m0 and mt 
are the weights of the dried and swollen scaffold, and Qt is calculated as 
grams of water per gram of scaffold.

The third part was the study of clotting activity of HA synthesized 
following different approaches. Sodium hexametaphosphate (Na6P6O18, 
SHMP), were used to prepare mesoporous HA (HA-HMP) to show the 
increase of surface area can promote clotting [9]. On the other hand, 
precipitates (HA-1) from the solution of 11.1 g/L CaCl2 and 1.56 g/L 
NaH2PO4.2H2O were studied to show whether increase of Ca/P can 
have significant influence on related blood clotting activity. The XRD 
and TEM characterizations of these powders were also carried out.

Results and discussion
The XRD patterns of as-prepared Ca containing inorganic salts 

are shown in Figure 1. All powders displayed the characteristics of 
expected phases. According to the XRD, the synthesized HA and Ca-
attapulgite matched the profiles in Jade (PDF # 09-0432 and 20-0958) 
respectively. While the as-prepared CaSiO3 and Ca5(P3O10)2 were mainly 
amorphous, like reported before [13,14]. The TEM results of these 
particles are presented in Figure 2. It was seen that the HA, CaSiO3, 
Ca—attapulgite and Ca5(P3O10)2 present rod-like, spherical, whisker-

Figure 1. XRD patterns of tested calcium contained inorganic salts, “▼”refers to HA and 
“♦” refers to attapulgite

Figure 2. TEM images of (a) HA, (b) CaSiO3, (c) Ca-attapulgite, (d) Ca5(P3O10)2

Order Reagent Amount
1 NaCl 9.8184 g
2 NaHCO3 3.4023 g
3 KCl 0.5591 g
4 Na2HPO4 0.2129 g
5 MgCl2.6H2O 0.4574 g
6 1M HCL 15 mL
7 CaCl2.2H2O 0.5822 g
8 Na2SO4 0.1080 g
9 Tris-Base 9.0945 g

10 1M HCl 50 mL

Table 1. Compositions of 1L 1.5x t-SBF.
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like and mesoporous morphology respectively. Among these materials, 
CaSiO3 was commonly studied as an alternative to HA for bone 
repairing [15]. Additionally, it also showed ability to absorb proteins 
like HA [16]. Therefore, it is necessary to compare the hemostatic 
ability of HA and CaSiO3, thus indicting the reason choosing HA 
as the potential hemostatic agent instead of CaSiO3. Attapulgite was 
another silicate material highlighted with its absorption ability and 
bone repairing potential [17]. The incorporation of Ca2+ to attapulgite 
was supposed to enhance its clotting activity. Meanwhile, the reason 
choosing Ca5(P3O10)2 was attributed to the report that polyphosphate 
can accelerate blood clotting [18] and its self-assembled porous 
structure [13]. Per the BCI results (Figure 3), among them HA had 
the best blood clotting activity. This phenomenon could be explained 
by the facts that HA has a high affinity with plasma proteins such as 
fibrinogen, and can release Ca2+ to specifically activate prothrombin 
and coagulation factors to enhance blood clotting [8]. Therefore, HA 
is recommended as the hemostatic agent for bone defect applications 
from above 4 pickups.

On the other hand, when compared to chitosan powder, HA 
showed better clotting activity (Figure 4). When chitosan was mixed 
with HA, its blood clotting activity was comparable to HA instead. 
This phenomenon could be caused by the combined effects of multiple 
clotting routes of chitosan and HA. Indeed, chitosan stimulated 
platelet and erythrocytes aggregation via its amino residue (positively 
charged surface) [19] and concentrated blood to accelerate clotting via 
its hydration behavior [20], showing completely different coagulation 
routes to HA. On the other hand, when HA was coated onto chitosan 
matrix, the clotting activity was not only depending on the combined 
effects of chitosan and HA, but also influenced by the amount of blood 
concentrated by porous scaffold. According to SEM after 7days SBF 
incubation, HA was successfully deposited to chitosan matrix (Figure 
5). Though HA limited the swelling of scaffold (Figure 6a), the BCI 
index difference between chitosan and HA coated was not significant 

(Figure 6b). This observation was suggested to be caused by the increase 
of HA content (49 ± 5 wt.%) and matrix stiffness [21]. As reported 
by Qiu et al., increasing substrate stiffness led to increased platelet 
adhesion, spreading, and platelet activation [22].

In literature, depending on the phosphate source used as well as 
hydrothermal condition, the morphology of HA can be tailored [9,23]. 
It was reported Inorganic condensed phosphates have a high affinity to 
Ca2+ ions to form complex in aqueous medium. Under hydrothermal 
condition, condensed phosphates could be hydrolyzed to release 
orthophosphate subsequently. Therefore, using P6O18

6- instead of PO4
3- 

could result in mesoporous HA, thus changing its clotting activity. The 
HA-HMP was proved to be HA according to XRD (Figure 7a). And 
an irregularly shaped and mesoporous morphology was presented 
(Figure 7b). The increase of surface area enhanced the clotting activity 
in comparison to regular HA dense particles as expected (Figure 7c). 

On the other hand, the HA-1 with significant increase of Ca/P in 
reaction solution resulted in formation of phase impurity and a great 
increase of blood clotting activity. As seen in XRD, HA-1 displayed 
characteristics of both HA and brushite (CaHPO4.2H2O, PDF#09-
0077) (Figure 8a). Consequently, in TEM nanoparticles showed both 
rod-like and plate-like morphologies (Figure 8b). In the followed 
BCI test, HA-1 showed much higher blood clotting activity than HA 
(Figure 8c). It was known fast precipitation of HA caused by strong 
ionic concentration can induce significant amounts of ions loaded to 
HA lattice structure [24]. Therefore, in HA-1 a quick release of Ca2+ 
was expected once in contact with blood to stimulate coagulation 
cascade. After coagulation, both HA and brushite could induce bone 
regeneration. This phenomenon provided a possibility to load different 
ions to HA to help both blood clotting and bone formation. Indeed, 
different ions such as Mg2+, Zn2+, CO3

2- have been doped into HA to 
favor bone formation or even provide anti-bacterial property [25,26]. 
However, these ions also showed potential to enhance blood clotting 
in addition to Ca2+. For example, Mg2+ was observed to enhance 
coagulant activity of factor IXa [27]; Zn2+ was found to be an important 
cofactor in regulating platelet aggregation and coagulation [28]; while 
the presence of CO3

2- in HA could promote blood clotting and protein 
adsorption [29]. 

Figure 3. BCI index results of HA, CaSiO3, Ca-attapulgite, and Ca5(P3O10)2 (“*” indicates 
p < 0.05).

Figure 4. BCI index results of HA, chitosan and a mixture of HA and chitosan.

Figure 5. SEM characterization of (a) porous chitosan scaffold; and (b) HA coated chitosan 
scaffold.

Figure 6. Comparisons between blank and HA coated chitosan scaffolds: (a) swelling 
ability: and (b) BCI index results.
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Conclusion
In summary, we showed 1) HA is recommended as a potential 

agent for blood clotting and bone repairing alone or combined with 
biopolymers; 2) great surface area as well as high amount of active Ca2+ 
can significantly improve the blood clotting activity of HA. It is wished 
present work can promote the development of HA based products to 
replace conventional bone wax. 
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