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Abstract. Angiogenesis is the formation of new microvascular network from the pre-existing blood 

vessel. In tissue engineering approaches, angiogenesis is essential for the promotion of 

micro-vascular network inside an engineered scaffold construct, mimicking a functional blood vessel 

in vivo.  In the in vivo system, the formation of new blood vessels depends on the properties fibrin gel 

extracellular matrix. In this study, we have investigated the effect of different fibrinogen and 

thrombin composition on the biophysical properties of fibrin gel. Higher concentration of thrombin 

(4.0 Units/milliliter) yields a shorter clotting time of the fibrin gel and result in better water uptake 

property while at lower concentration of thrombin (0.5 Units/milliliter), the clotting time takes much 

longer. Also, at lowest concentration ratio of fibrinogen to thrombin (0.5 milligram/milliliter to 4.0 

Units/milliliter), the turbidity study shows the lowest absorbance compared to other samples. 

Different concentration of fibrinogen and thrombin also affect the microstructure of the fibrin gel. The 

variation of these properties will be then manipulated to be used for in vitro angiogenesis. This study 

opens broader application of fibrin extracellular matrix in regenerative medicine and tissue 

engineering researches. 

Introduction  

There have been growing interests in the development and investigation of new biomaterials for 

biomedical and tissue engineering fields. Tissue engineering is a new multidisciplinary research field. 

It involves the use of living cells and developing a biological substitute for implantation into the 

human body [1]. The development of biomaterial science and tissue engineering fields open a great 

demand for the replacement of damaged tissue and organ in this growing population [2]. These 

medical concepts represent a new era in our efforts to treat problems associated with failing tissues 

and organs.  

Angiogenesis is a dynamic process, start with endothelial cells (ECs) migration to develop new 

micro-capillaries which will not only depend on the cytokines present but also the cells organization 

and extracellular matrix (ECM) properties [2,3]. During micro-capillaries development, the 

interaction between extracellular matrix and cell are very crucial, and as well as for further required 

steps during vessels’ maturation [3]. Fibrin is one of the native ECM components that involved during 

EC morphogenesis and angiogenesis development. In this context, fibrin matrix has been widely used 

for the investigation of angiogenic factors involving in ECs differentiation with and without growth 

factors [4,5].  

The objective of this present study is to investigate the effect of different fibrinogen/thrombin 

compositions on their biomechanical and biophysical properties. The variation of those properties 

will be proposed to be used as a standard for further in vitro angiogenesis assay.  
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Materials and Methods  

Chemicals and fibrin gel preparation. Phosphate Buffered Saline (PBS, P3813), Fibrinogen 

(F4753), and Thrombin (T4648) were purchased from PromoCell (Germany), Sigma-Aldrich). Fibrin 

gel was prepared by mixing fibrinogen and thrombin solutions in four different concentrations of 

Fibrinogen (mg/mL) to Thrombin (Units/mL or U/mL), they are including: 2.0/1.0, 2.0/4.0, 0.5/4.0, 

4.0/0.5.  

Measurements.  To measure the clotting time, after mixing the solutions of fibrinogen and thrombin, 

the gel was left at room temperature. The clotting time were observed in naked eye and when the tip of 

pipette cannot penetrate the gel that will be the clotting time of that particular fibrin gel. The clotting 

time of the gel was recorded using a stop timer. Water uptake property was measured at room 

temperature as follow: 1mL of PBS is transferred into the gel using pipette and soaked in the fibrin 

gel. After 2 hour, PBS which does not diffuse to the gel will be collected using pipette and volume is 

measured. The same procedure is repeated for intervals of 4 hour, 6 hour, and 24 hour. Turbidity was 

measured using fibrin sample inside the cuvette then turbidity was recorded using UV-VIS 

Spectrophotometer (Shidmadzu-UV 1201). The wavelength was 550nm, as suggested elsewhere [6].  

Results and Discussions 

Clotting time. The fibrin gel can be easily formed by mixing solutions of Fibrinogen and Thrombin. 

After clotting for a several minutes, the solution will lost its fluidity and transformed into gel. From 

the graph, the concentration of 4.0/0.5 has the highest clotting time which is 329 seconds while the 

lowest clotting time is for the concentration of 0.5/4.0, which is 59 seconds. The concentration of 

2.0/1.0 and 2.0/4.0 has the clotting time of 199 second and 92 seconds respectively. The graph shows 

that along with an increase of the thrombin concentration, the clotting time at room temperature 

decreases rapidly from about 300s for 0.5U/mL thrombin concentration to about 100-50s for 

4.0U/mL. 
 

 
Concentrations 

 

Fig. 1. Clotting time properties in different fibrin/thrombin concentration 

 

Physiologically, fibrin gel is formed by the reaction of fibrinogen and thrombin. Fibrinogen is a 

rod-shaped protein in which it will be converted into fibrin monomers in the presence of enzyme 

called thrombin. During the reaction, thrombin will cleave at specific peptide bond in the fibrinogen 

to produce fibrin clots [7,8]. With the increase of thrombin concentration, more fibrinopeptides will 

be produced due to the cleavage of fibrinogen by thrombin which leads to a shorter clotting time. 

Meanwhile, no significance difference can be found when the concentration of fibrinogen increased. 

Figure 1 shows that as the thrombin concentration increases, the clotting time will decreases 

significantly. Our results are in good agreement with other previous study [8]. 

Water Uptake Property.  Higher thrombin concentration will results in better water uptake property 

of the fibrin gel. Figure 2 shows that water uptake of all samples increased with time until 24 h. From 
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the graph, the concentration 0.5/4.0 has the highest water uptake property followed by the 

concentration of 2.0/4.0, concentration 2.0/1.0 and finally the concentration of 4.0/0.5 which has the 

lowest water uptake property. 

 
Fig. 2. Water uptake properties over time 

 

In Figure 2, concentration 0.5/4.0 shows the highest water uptake property due to the slower 

shrinkage process of the gel thus it can adsorbed more water. While, at the concentration of 4.0/0.5, it 

shows the lowest water uptake property compared to other concentration because of the progressive 

shrinkage of fibrin gel. Therefore, it cannot absorb water well. Higher thrombin concentration will 

results in better water uptake property of the fibrin gel. This is due to the fact that, at higher 

concentration of thrombin, the cross-link fibrin gel should have a more complete cross linking 

structure which has stronger ability to resist the shrinkage [9]. Therefore, more water can be absorbed 

into the fibrin gel compared to the lowest concentration. After 24 hour, the remaining volume of PBS 

is increased exceeding the initial volume. This is because of the shrinkage process of fibrin gel, where 

the gel will finally shrink and released the water content. 

Turbidity. Turbidity known as the decreased in the transparency of solution caused by the suspended 

solution that generally invisible to the naked eye, which causes the light to be scattered as transmitted 

in a straight lines. The higher the light scattered, the higher the value of turbidity. In this study, 

turbidity measurement was monitored by UV-VIS spectroscopy. Figure 3 shows that absorbance at 

550nm increased with time for all samples with different concentration of fibrinogen and thrombin. 

Based on the graph, concentration of 4.0/0.5 shows the highest absorbance followed by the 

concentration of 2.0/1.0, 2.0/4.0 and finally concentration of 0.5/4.0 which has the lowest value of 

absorbance. 

 

Fig. 3. Turbidity property presented as absorbance in different Time 

 

There are 2 types of fibrin clot which are known as rigid clot and malleable clot. Rigid clots have 

long and thicker fibrin fibres while malleable clots have thinner and shorter fibrin fibers [9-10]. The 

rigidity and thickness of fibrin gels can be determine through the turbidity measurement which can be 

measured using UV-VIS Spectroscopy. At higher concentration of fibrinogen, more fibrinopeptides 
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will be produced by the cleavage of fibrinogen which prevents the light from moving in a straight line. 

Therefore, more light is scattered and absorbed by the fibrin gel which increase the value of 

absorbance thus increased the value of turbidity. Besides, it can be clearly seen that fibrin gel at 

concentration of 4.0/0.5 is the cloudiest as compared to other concentration. At concentration of 

4.0/0.5, the gel is more turbid while at concentration of 0.5/4.0, the gel is less turbid because the 

absorbance is the lowest. According to the figure 3, all values of absorbance increased and becomes 

almost constant as the polymerization process of fibrin gel is completes. Besides, fibrin gels that are 

malleable and low-absorbance can stimulate the formation of tube like structure but at the same time 

inhibit the cell migration whereas fibrin gels that are rigid and high absorbance can promote cell 

migration but inhibit capillary formation as concluded by other researchers [10,11].  

Conclusions 

This study is to investigate the effect of different fibrinogen and thrombin compositon on the physical 

properties of fibrin gel. The clotting time of the fibrin gels is significantly influenced by different 

concentration of thrombin, while less influenced by the concentration of fibrinogen. The freeze dried 

also shows the fibrous structure of fibrin gel in which the porosities and stiffness can be seen well. 

Higher thrombin concentration result in better water uptake property of fibrin gels due to the fact that 

it can resist the process of shrinkage and maintain its structure. Fibrin gel properties are greatly 

influenced by the concentrations of thrombin and less influenced by the concentration of fibrinogen. 

Besides, in vitro cell culture found that HUVEC could normally proliferate well in the fibrin gel while 

forming tube like structure. 
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