
Nano/Microbilayer 

Hemostatic Agents in 

Diabetic Injury Wound 

Model in Rat 

Zeynep Karahaliloğl
u, Murat 

Demirbilek, İbrahim Ulusoy, Berrak 

Gümüşkaya, Emir Baki Denkbaş 

15.03.2018 



OUTLINE  
•  Motivation 
•  What is the coagulation mechanism?  
•  How does work it and which factors do affect that ? 
•  Why the bleeding control in diabetics is important?  
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MOTIVATION  



COAGULATION MECHANISM 

Fig. 1. Illustration of the blood clotting process showing the four 
main steps of hemostasis (vasoconstriction, primary hemostasis, 
secondary hemostasis and fi brinolysis).  



Coagulation Pathway 

Fig. 2. The intrinsic, extrinsic and common pathways of 
coagulation cascade.   



 

•  Premature atherosclerosis and extensive 
vascular disease because of plaque 
rupture and thrombus formation 

•  Blood coagulation abnormalities 

•  Disrupted wound healing 

 

 
Hemostasis  

in 
Diabetics  



METHODS OF HEMOSTASİS   

•  Mechanical 
•  Cauterization 
•  Chemical 
 
     -  Vasoconstrictors 
      - Topical Absorbable  Hemostats 



Commercial Hemostatic Agents 

Behrens AM, Sikorski MJ, Kofinas P. 2013. Hemostatic strategies for traumatic and surgical bleeding. 
J Biomed Mater Res Part A 2013:00A:000–000. 



EXPERIMENTAL  

BC/CTS  porous layer 

Silk fibroin (SF) or SF/PC 
 nanofibrillar layer  

Karahaliloglu Z., Demirbilek M., Ulusoy İ., Gümüşkaya B., Denkbas E.B. Active nano/microbilayer hemostatic agents for 
diabetic rat bleeding model. J Biomed Mater Res B Appl Biomater. 2017;105(6):1573:1585.  



METHODS  

Morphological Characterizations              

ü Scanning Electron Microscopy (SEM) 

In-vitro Tests                                                                   

ü Whole Blood/PRP Absorption and LDH Activity Test                                                                                                                 

ü Blood Metabolic, Blood Gas and  Blood Chemical Values 

Diabetic Rat Fomeral Artery Bleeding Model  

ü Hemostasis Time and Blood Loss  

ü Mortality Rate 

ü Measurement of Wound Temperature 

ü Hematoxylin–Eosin Staining 



RESULTS 



FIGURE 1. SEM images of native BC/CTS. 
 (a) Porous structure and (b) inner wall structure 

(scale bars: 100 and 2 mm). 

Karahaliloglu Z., Demirbilek M., Ulusoy İ., Gümüşkaya B., Denkbas E.B. Active nano/microbilayer hemostatic agents for 
diabetic rat bleeding model. J Biomed Mater Res B Appl Biomater. 2017;105(6):1573:1585.  



FIGURE 2. (a, b) SEM micrograph of standard gauze and cross-sectional 
SEM micrographs of (c, d) SF-coated BC/CTS, (e, f) SF/PC-coated BC/ 
CTS, (g, h) SF-coated Kao/BC/CTS, (i, j) Vit K/BC/CTS, and (k, l) PS/BC/
CTS hemostatic dressings (left images: bilayer structures, scale bars: 100 
mm; right images: sub-porous structures, scale bars: 300 mm). 



hemostatic dressings. The data suggest that the doping of
hemostatic agents to the structure does not change the pore
size and distribution.

Mechanical testing
In order to investigate the mechanical characteristics of BC/
CTS hemostatic dressings, the compression test was per-
formed in dry and wet forms. The force–deformation curves
of the samples are seen in Figure 4(a). According to results,
standard gauze and SF-coated BC/CTS demonstrated the
lowest mechanical strength. Among dry hemostatic dress-
ings, SF-coated PS/BC/CTS and Kao/BC/CTS showed the

TABLE I. Porosity Percent of Standard Gauze, Bare, and
Composite BC/CTS Hemostatic Dressings

Samples Porosity (%)

Standard gauze 87.95
BC/CTS 88.34
SF-coated BC/CTS 78.79
SF/PC-coated BC/CTS 85.07
SF-coated Kao/BC/CTS 85.56
SF-coated Vit K/BC/CTS 83.98
SF-coated PS/BC/CTS 67.74

FIGURE 3. Pore histograms of standard gauze, bare, and composite BC/CTS hemostatic dressings.
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FIGURE 3. Pore histograms of 
standard gauze, bare, and 

composite BC/CTS 
hemostatic dressings. 



FIGURE 4. Stress–deformation curves of standard gauze, 
bare, and composite BC/CTS in dry (a) and wet state (b). 



FIGURE 5. Diabetic rat blood and PRP uptake rates of 
hemostatic dressings (**p<0.005). 



FIGURE 6. LDH activity results of the adhered platelets on the stand- 
ard gauze, bare, and composite BC/CTS hemostatic dressings 
(**p<0.005). LDH activity was determined by measuring the OD450 
nm spectrophotometrically using the blood plasma of diabetic rats. 



FIGURE 7. The adhered 
platelets on standard gauze, 
bare, and composite 
hemostatic dressings: (a) 
standard gauze, (b) BC/CTS, 
(c) SF-coated BC/CTS, (d) 
SF/PC-coated BC/CTS, (e) 
SF-coated Kao/BC/CTS, (f) 
Vit K/BC/CTS, and (g) PS/
BC/CTS (scale bars: 2 mm). 



FIGURE 8. Hemostasis time of bare and composite BC/CTS hemostatic 
dressings in a diabetic rat femoral artery bleeding model (*p<0.05). 

138 sec  144 sec  



FIGURE 9. Total blood loss in a diabetic rat femoral 
artery bleeding model (**p<0.005; *p<0.05). 



FIGURE 10. Bleeding site after application in a diabetic rat 
femoral artery model: (a) standard gauze, (b) SF-coated BC/
CTS, (c) SF-coated Vit K/ BC/CTS, and (d) SF-coated PS/BC/CTS. 



FIGURE 11.  (a) Mortality rates in different groups and (b) 
in vivo measurement of exothermic reaction after SF-
coated Kao/BC/CTS treatment. 



FIGURE 12. 13. Representative femoral artery sections stained with 
hematoxylin–eosin after application: (a) control, (b) standard gauze, (c) 
BC/CTS, (d) SF-coated BC/CTS, (e) SF/PC-coated BC/CTS, (f) SF-coated 
Kao/BC/CTS, (g) SF-coated Vit K/BC/CTS, and (h) SF-coated PS/BC/CTS. 



CONCLUSIONS  

}  The composite hemostatic dressings are statistically 
superior at controlling hemorrhage compared to the 
standard gauze and the Kao- reinforced group.  

}  The application of bilayer hemostatic dressings in the 
diabetic rat femoral artery model significantly 
decreased mortality and reduced the bleeding time.  

}  Moreover, their low cost, easy manufacturing process, 
and high biocompatibility make them an effective 
hemostatic agent for use in civilian and military trauma 
management. Furthermore, this study is significant to 
understand the hemostatic response in diabetes.   
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