
This protocol assumes an intermediate level of scientific competency with regard to techniques, 
instrumentation, and safety procedures.  Rudimentary assay details have been omitted for the sake of brevity. 
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1.  Introduction 

This document describes a procedure for analysis of platelet aggregation.  Platelet-rich 

plasma (PRP) is obtained from fresh pooled human whole blood and incubated with 

control or test sample for 15 min at a nominal temperature of 37°C.  After that PRP is 

analyzed using Z2 particle count and size analyzer to determine number of active 

platelets.  Percent aggregation is calculated by comparing number of active platelets in a 

test sample to the one in control baseline tube.  

 

2.  Reagents 

2.1. Calibration standard 5 µm, Beckman Coulter, cat# 6602794 

2.2. Isoton II diluent, Beckman Coulter, cat#8320312 

2.3. Coulter Clense solution, Beckman Coulter, cat# 8546931 

2.4. Freshly drawn pooled Na-citrate human whole blood 

2.5. Collagen, Helena Laboratories, cat # 5368 (positive control) 

2.6. PBS, Sigma, cat# D8537 (negative control) 

Note:  Equivalent reagents from other vendor can be used. 

 

3.  Equipment 

3.1. Pipettes covering range from 0.05 to 10 mL 

3.2. Polypropylene tubes 15 mL 

3.3. Water bath set at 37°C 

3.4. Plastic beakers 

3.5. Centrifuge set at 600g 

3.6. Blood cell counter vials with snap caps, VWR, cat# 14310-684 

3.7. Z2 particle count and size analyzer, Beckman Coulter 

3.8. 50µm aperture tube, Beckman Coulter, cat#8320517 

Note:  Z2 particle count and size analyzer can be substituted with Hematology analyzer. 

 

4.  Preparation of test samples 

Test nanoparticles should be reconstituted in RPMI or other medium which does not 

interfere with platelet aggregation.  The following questions have to be considered when 
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selecting the concentration: i) solubility of nanoparticles in a biocompatible buffer; ii) pH 

within physiological range (pH 7±0.5); iii) availability of nanomaterial, and iv) stability.  

For the initial screen the test concentration is selected based on results from in vitro 

toxicity assays such as GTA-1.  A nanomaterial, which revealed toxicity in general 

toxicity assays, is tested at two concentrations selected at the low and the high end of the 

dose response curve.  A nanomaterial, which did not reveal toxicity in a general toxicity 

assays is tested at one concentration equal to the highest dose tested in general toxicity 

assay.  The assay requires 150 µL of test material. 

 

5.  Experimental Procedure 

5.1. Prepare Z2 instrument as described in instrument user manual. 

5.2. Obtain platelet rich plasma (PRP) by spinning freshly drawn whole blood 8 

minutes at 200g.  Pool the PRP from at least three donors before proceeding to 

next step. 
Important:  a. During phlebotomy the first 2 mL of blood should be discarded; 

b. PRP must be prepared as soon as possible and no longer than 1hour 

after blood collection.  PRP must be kept at room temperature and 

can be used within 4 hours.  

c. Exposure of either blood or PRP to cold temperature (<20 °C) should 

be avoided as it will induce platelet aggregation. 

5.3. A.  Prepare three tubes for the test-sample, two tubes for the positive control and 

two tubes for the negative control.  Add 25 µL of the test sample to each sample 

tube, 25 µL of the positive control to each positive control tube and 25 µL of the 

negative control to each negative control tube.  These samples will provide data 

on ability of test nanomaterial to induce platelet aggregation.   

 

B.  In the second set of tubes prepare three tubes for test-particles plus collagen, 

two tubes for the positive control and two tubes for the negative control.  Add 25 

µL of the positive control and 25 µL of test nanomaterial to each “test-particles 

plus collagen” tube.  Add 50 µL of the negative control to each negative control 

tube.  Add 25 µL of the positive control and 25 µL of RPMI to each positive 
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control tube.  These samples will provide data on ability of test-nanomaterial to 

interfere with platelet aggregation caused by collagen.  

 

C.  Prepare 1 control tube, in which combine 100 µL of PBS or RPMI and 25 µL 

of nanoparticles.  This control will be used to determine any potential particle 

interference with instrument counting procedure. 

 

5.4. Using repeater add 100 µL of PRP to all tubes prepared in 5.3A and 5.3B.  Do not 

add PRP to the control prepared in 5.3C. 

5.5. Vortex briefly to mix ingredients and incubate for 15 minutes at a nominal 

temperature of 37°C. 

5.6. Add 10 mL of Isoton II diluent into a blood cell counter vials.  Prepare two (2) 

vials for each sample replicate. 

5.7. Add 20 µL of PRP treated with positive control, negative control or test-

nanomaterial.  Cover vials and gently invert them to mix diluted samples.  

Proceed with platelets count determination using Z2 counter immediately. 
Note:  Dilutions of tested samples and controls should be performed ex tempore.  Counts should 

be performed within two (2) hours after removing from an incubator. 

 

6.  Calculations 

The following parameters should be calculated for each control and test sample: 

Percent Coefficient of Variation: %CV=SD/Mean x 100 

Platelet Count: (5x RC)/100 = # platelets x 109/L 

Percent Platelet Aggregation: 

 %Aggregation= (Control Platelet Count – Sample Platelet Count) x100 
                                            Control Platelet Count 
 
7.  Acceptance Criteria 

7.1. % CV for each control and test sample should be within 25%. 

7.2. If both replicates of positive control or negative control fail to meet acceptance 

criterion described in 7.1 the run should be repeated. 
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7.3. Within the acceptable run if two of the three replicates of unknown sample fail to 

meet acceptance criterion described in 7.1 this unknown sample should be 

reanalyzed. 

7.4.  Percent platelet aggregation above 20% is considered positive, i.e. test-material 

induces platelet aggregation. 
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