
Mimicking the 
Intrinsic 
Pathway with 
Silica 
Nanoparticles  

NANOPARTICLES AND 
BLOOD COAGULATION  

Megan Nesland 
Mentor :  Tracy  Chuong 

 University of California, Santa Barbara 
Department of Chemistry and Biochemistry 



THE BIG PICTURE 

-  Trauma injury accounts for 30% of all life years 
        lost in the U.S. 

-  $406 billion a year, including both health care costs 
       and lost productivity 

-  Cause of Death:  
-  #1 for age group 1-44, or 47% of all deaths in this age range 
-  #3 as leading cause of death overall, across all age groups 

http://www.nationaltraumainstitute.org/home/trauma_statistics.html 



THE BIG PICTURE 

http://www.z-medica.com/firstResponder/Home.aspx http://commons.wikimedia.org/wiki/File:Syringe_Glove_01.jpg 



BLOOD COAGULATION 101 

http://www.biosbcc.net/doohan/sample/htm/Hemostasis.htm 



BLOOD COAGULATION 101 
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Intrinsic Pathway:  



WHY NANOPARTICLES?  

-  Surface Area 

-  Potential for 
customization 

-  Biocompatible 



HOW DO THEY WORK BEST?  

1. Structure  

2. Concentration 

3. Mode of Delivery 

Clots Quickly, When and Where you Want it 



METHODS: STRUCTURE 

Size 

Aggregation 

The Zetasizer!!!!!! 



METHODS: CONCENTRATION  

Use Fluorescence to Quantify Real-Time Clotting through Thrombin   

Concentration of SNP 

.5 mg/mL 

.25 mg/mL 

.125 mg/mL 

.0625 mg/mL 

.03125 mg/mL 

Before Clotting 

After Clotting 



METHODS: MODE OF DELIVERY 

Patch Solution 

Is there a concentration threshold at which the patch clots, but 
the solution does not?  



What’s the 
Word?  



RESULTS: STRUCTURE 

No Peg 
Peg, no 
Peptide 

Peg + Pep Peg + Pep + Peg 

A/B– P70 + Aptes 

C/D- Varying ratios 
of Aptes 

E- SNP alone  

Take Home Point: 
Aggregation occurs 

regardless of structure, but 
the particles most resistant 
include two PEG molecules 



RESULTS: CONCENTRATION 

.25 mg/mL SNP 
Solution 
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Clotting Time in SNP Solution 

.5mg/mL 

.25mg/mL 

.125mg/mL 

.0625mg/mL 

.03125mg/mL 

0mg/mL 

RESULTS: CONCENTRATION 

Take Home Point: The Threshold 
concentration of SNP in solution 

appears to be between .125mg/mL 
and .0625mg/mL  



RESULTS: CONCENTRATION 

.125 mg/mL solution = somewhat clotting 

.0625 mg/mL solution = no clotting 

Can I get a <.125mg/mL patch to clot?  



RESULTS: MODE OF DELIVERY 
(To Patch or not to Patch)  

Maximum Final Concentration: 1 mg/mL 
(Clotting at 10 min with .125 mg/mL solutions)  

No Fluorescence seen 

Possible Problems: 
1.  Evaporation of Plasma  
2.  Low Local Concentrations of SNP 
3.  Upper SNP threshold 
4.  Lower Surface Area  
5.  Low volumes of Factors 

What I see:  



RESULTS: MODE OF DELIVERY 

.100 mg/mL Pellet 

.125 mg/mL Solution 

Graph by Tracy Chuong 



RESULTS: MODE OF DELIVERY 

SNP in Solution: Clots around 2 min 

SNP Patch: Clots around 4 min 

Thromboelastography (TEG)  

The plasma is clotting.   



CONCLUSIONS:  

1. Perhaps there is an upper threshold above .5mg/mL SNP 

2. Detection Method may not be sensitive enough to respond 
to volume of biochemical factors produced (ex. Thrombin) 

3. Surface Area may be limited by “patching” method, 
causing it to be an ineffective model.  

4. Clotting DOES occur and can be activated by SNP patch, 
however we have been unable to quantify.  



In Solution:  In Patch:  

SNP 
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