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Introduction

The Anatomy of a Microfluidic Mixer
• Create positive master device using photolithography

• Pour a PDMS mixture, after hardening, the negative design is 

transferred into the bottom of the device, creating channels

• Plasma bond PDMS device onto clean glass to ensure no 

leakage during flow assay. 

• Block all channels with contact to blood flow using 2% BSA in 

an HBS solution

• Run assay using different lengths of effluent tubing to model 

varying residence times 

• Effluent, recalcified blood is collected into sodium citrate and 

labeled with antibodies for identification of activation markers by 

flow cytometry. 
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Quantifying Activation with Fluorescently Labeled Antibodies

Coating the microfluidic devices with a blocking agent is imperative 

in ensuring blood does not coagulate inside the channels of the 

device. By coating the channels, it prevents polymers such as von 

Willebrand factor and fibrinogen from attaching to the sides of the 

device channels, in turn preventing platelets from aggregating on 

those polymers2.

Conclusions

To quantify the activated platelets in a sample, add antibodies that bind to platelets in different levels of activation. PAC-1 

and will bind to the high affinity state of the integrin GPIIbIIIa and anti-P-selectin will bind to platelets that have secreted 

their granules. This will exemplify the degree of platelet activation of the sample by distinguishing the activated platelets

from their unactivated fellows.

Percent Activation
After several trials, the percent of activated platelets relative to the negative control were taken of samples from each 

residence time, and marked by both activation labels, PAC-1 and P-selectin. A positive control was established by dosing 

samples with 5 µL of 2 mM thrombin to promote platelet activation. Contradictory to the proposed hypothesis, the results 

show no indication that an increase in residence time leads to an increase in activation. 

• Microfluidic devices can serve as in vitro models of bleeding in 

the context of blood disorders like hemophilia or von Willebrand

disease

• Patient blood is typically collected into a solution of 3.2% 

sodium citrate to chelate divalent cations, temporarily halting 

coagulation. 

• Upon introducing a recalcification buffer, platelets regain their 

ability to become activated by initiation of coagulation

• Upon activation, platelets undergo a shape change from discoid 

to jagged, and aggregate to form a thrombus1

• Flow cytometry can reveal the percentage of activated platelets

• Both size and shape are taken into account on the flow cytometer: forward scatter for size, side scatter for shape

• Activated platelets with their jagged, slightly shrunken shape should be easily identifiable in contrast to the resting 

platelets with a more rounded profile.

• Effective method to qualitatively identify activated platelets in a population

• Presence or absence of the leukocyte population is dependent on the donor

According to the histogram, there appears to be no significant 

difference in activation between the residence times of one and 

ten minutes. In either marked region the results, with this sample 

size, appeared to be too significantly similar to say that a longer 

residence time on this scale had any effect on activation.

Further work can be done with a larger sample size, and a broader 

range of residence times to conclusively state these findings.
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Scatter Plots on Flow Cytometer: Identifying Activation 

Expansion to Bleeding Chip

The current blocking agent, a 

solution of 2% Bovine Serum 

Albumin (BSA) is organic and 

may not be as effective of a 

blocking agent as Pluronics, a 

synthetic substitute. By 

experimenting with these and 

other blocking agents, this 

coating can be optimized and 

used in future blood assays 

modeling blood disorders. 
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The research gained here and in future can be applied to the 

bleeding chip3 design to model severances in the vessel wall, 

which could lead to an improved understanding of several 

bleeding disorders. 


