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The translocation of nanoparticles from the lung surface into the bloodstream has been put forward as one possible mechanism for adverse cardiovascular effects and manufactured nanoparticles now pose the same potential risks. In a recent human study enhanced thrombus formation was demonstrated in the blood of human subjects after inhalation of diesel soot nanoparticles [1]. Limited studies have shown that NP in the blood may activate platelets causing increased adhesion and aggregation [2], so increasing the potential for thrombosis. In the Edin Univ part of Particle Risk we set up the systems for testing the effects of NP on platelets by first examining the effect of a panel of polystyrene beads with differing surface charge. Then we used the Particle Risk panel of nanoparticles (PRNP) of differing size and surface modification. We assessed the effects of the particles on interactions with whole blood and with isolated platelets using Flow Cytometry .

Table 1:
Polystyrene particle panel 

	Particle
	Charge
	Size
	Origin

	Unmodified Polystyrene latex nanoparticles 
	Uncharged
	50nm
	Polysciences 

	Polystyrene latex nanoparticles, carboxylate-modified, fluorescent blue 
	Negative
	50nm
	Polysciences 

	Polystyrene latex nanoparticles, amine-modified, fluorescent blue 
	Positive
	50nm
	Sigma


Studies with polystyrene particles 

Surface charge was a factor in dictating platelet aggregation and only the positively- charged and negatively charged beads were active in this regard (Figure 1). Furthermore, using isolated platelets the mechanism of activation of platelets was found to be different between the two with the amine beads not causing classical activation with P-selectin or PC-1 whilst carboxylate beads did activate via this pathway. 

[image: image1.emf]0

10

20

30

40

50

60

70

80

90

100

Control Plain Amine Carboxylate

% CD42a+ve cells

** **

††

††


[image: image2.emf]0

10

20

30

40

50

60

70

80

90

100

CONTROL PLAIN AMINE CARBOXYLATE TRAP

% Platelets

CD62-P

PAC-1

†††

 *** 

###

†††

 *** 

###

†††

 *** 

###

†††

 *** 

###


[image: image3.emf]Platelet-Platelet Aggregates

0

10

20

30

40

50

60

70

80

90

0.00 10.00 20.00 30.00 40.00 50.00 60.00

m

g/ml

% CD42a + ve cells

2nm

20nm

100nm

Gold in thioglycollic acid

Platelet-Platelet Aggregates

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

0 50 100 150 200 250 300

m

g/ml

% CD 42a +ve cells

SWNT

C60

Q Dots Neg

Q Dots Pos

CB

Qdots neg

Platelet-Platelet Aggregates

0

10

20

30

40

50

60

70

80

90

0.00 10.00 20.00 30.00 40.00 50.00 60.00

m

g/ml

% CD42a + ve cells

2nm

20nm

100nm

Gold in thioglycollic acid

Platelet-Platelet Aggregates

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

0 50 100 150 200 250 300

m

g/ml

% CD 42a +ve cells

SWNT

C60

Q Dots Neg

Q Dots Pos

CB

Qdots neg

[image: image4.emf]0

2000

4000

6000

8000

10000

12000

14000

16000

Unmodified Carboxylated Aminated Nickel oxide

Treatments (

m

g/ml)

EPR signal (a.u)

1

20

40

60


Both aminated PLNP and carboxylated PLNP resulted in significant binding of Annexin V in isolated platelets compared to saline control and unmodifiedPLNP, indicating translocation of phosphatidylserine to the outer plasma membrane. cPLNP also resulted in significantly greater levels of Annexin V binding than αPLNP. The platelet-platelet aggregation induced by both amine and carboxylate beads, was completely inhibited by prior incubation of the peptide suggesting that the platelet-platelet aggregation is mediated by integrins. Circulating monocytes may also use this mechanism and this may account for the increase in monocyte-platelet binding. In order to determine if any of the difference between the particles in causing platelet effect was due to differences in the PLNP to generate oxidative stress, we determined the generation of free radicals by the 3 bead samples using EPR. Free radicals were detected using a Tempone spin trap that captures most species of free radicals. None of the PLNP caused any detectable free radical generation; by contrast a nickel oxide nanoparticle of known high toxicity produced a huge free radical signal (Fig 3) . However aminated beads were highly lytic to erythrocyte membranes as shown by haemolysis assay where , on a mass basis, the aminated polystyrene beads were more haemolytic than quartz.
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Effect of the Particle Risk NP panel on whole blood and blood platelets

The carbonaceous nanoparticles SWNT, Carbon Black and C60 Fullerene and +vely charged Quantum Dots failed to induce any form of aggregation and had no effect on platelet activation, aggregation and procoagulant status. Negatively charged Quantum Dots had no effect on monocyte and neutrophil populations but did induce significant (*p<0.01) platelet-platelet aggregation at 62.5µg/ml which increased in a dose dependent manner becoming highly significant at 125µg/ml (***p<0.001) (Figure5). The effects of Gold nanoparticles varied according to size with both +ve and –vely charged 2nm particles having the greatest effect (Figure 5). 


Conclusion 
1) Polystyrne nanoparticle study

The studies with polystyrene particles data highlight the fact that nanoparticles of the same essential composition (polystyrene), but having a different surface chemistry, vary dramatically in their potency in activating platelets and the mechanism of this activation. We also conclude that charge is a vital factor in causing platelet aggregation and activation by NP. The polystyrene studies highlighted that either negative or positive beads could cause platelet aggregation but the unmodified beads did not. This has relevance for measuring manufactured nanoparticles in the air showing that the mass of nanoparticles is not an necessarily adequate metric for hazard and therefore risk assessment and that chemistry of charge on the surface is key to hazard indentification. Differences in the ability of the different NP to generate free radicals was not an underlying mechanism
2) Panel study 

Using the Particle Risk panel showed again that negative charge is important in causing platelet activation since only negatively charged Q-dots were active, neither the positively charged Q-dots nor the carbon based C60 or carbon black NP having any effect. Both positively- charged and negatively- charged gold were active but the 2nm were much more active than the other two sizes. This again points out that particle surface is key to hazard as is size (smallness).
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Figure 1 Platelet-Platelet aggregates in response to saline control and 260µg/ml plain, amine and carboxylate latex beads. Amine and carboxylate latex beads caused significantly greater platelet aggregation than control 





Figure2 	Expression of CD62-P (P-Selectin) and PAC-1 in response to 260µg/ml of plain, amine and carboxylate latex beads and TRAP (Platelet Agonist). Carboxylate latex beads and TRAP caused significant expression of CD62-P and PAC-1 compared to saline control 





Figure 4	Red Blood Cell Haemolysis in response increasing doses of plain, amine, carboxylate latex beads and DQ12 quartz. Plain and carboxylate latex beads caused no rbc haemolysis.  Quartz caused significant haemolysis at all doses (*** p<0.001). Amine latex beads resulted in highly significant haemolysis at 500µg/ml (††† p<0.001) and by 750µg/ml this was significantly different to quartz ($$$ p<0.001). Mean ± SEM values shown, n=4.





Figure 3 Free radical generation in response to unmodified, amine and carboxylate PLNP. None of the PLNP generated any free radical acyivity in comparison to nanoparticles of Nickel Oxide (positive control) which generated high levels of free radical activity after 20 minutes.





Figuer 5 Left Only negative charged q-dots caused significant platelet aggregation whilst the other particles did not. Right The 2nm gold was significantly more potent in causing platelet aggregation than the larger gold particles. 








