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1. Introduction

This document describes a protocol for assessing the effect a nanoparticle formulation may
have on plasma coagulation time. Coagulation, i.e, blood clotting, is a highly complex process
that involves many components. There are three main pathways for coagulation: intrinsic (also
known as the contact activation pathway, because it is activated by a damaged surface); extrinsic
(also known as the tissue factor pathway); and the final common pathway. Each pathway can be
assessed by a specialized test. For example, the activated partial thromboplastin time (APTT)
assay is used to assess the intrinsic pathway, while the prothrombin time (PT) assay is a measure
of the extrinsic pathway. Thrombin time (TT) is an indicator of the functionality of the final
common pathway. Each pathway involves many coagulation factors, some of which overlap
between pathways. The APTT assay measures factors XII, X1, IX, VIII, X, V, Il. The PT assay
measures factors VII, X, V and Il. All three assays measure fibrinogen. Commercial in vitro
assays are designed such that the PT assay is primarily used to screen for factor VI deficiency,
the APTT assay for that of factor XII, and the TT assay to assess consumption of fibrinogen.

2. Principles

This assay describes the analysis of plasma coagulation via three separate tests: prothrombin
time (PT), activated partial thromboplastin time (APTT), and thrombin time (TT). Nanoparticles
are incubated with fresh human plasma and assayed for coagulation time, compared to standard
controls for each assay, using a coagulometer. When normal plasma is exposed to nanomaterials
in vitro, and it results in depletion of a certain coagulation factor, a delay in plasma coagulation

IS expected.

3. Reagents, Materials, and Equipment

Note: The NCL does not endorse any of the suppliers listed below; their inclusion is for

informational purposes only. Equivalent supplies from alternate vendors can be substituted.

3.1 Reagents
3.1.1 Human blood from at least 3 donors, anti-coagulated with sodium citrate
3.1.2 Neoplastine Cl (Diagnostica Stago, 00666)



3.1.3 Thrombin (Diagnostica Stago, 00611)
3.14 CacCl; (0.025M) (Diagnostica Stago, 00367)
3.1.5 Owren-Koller Buffer (Diagnostica Stago, 00360)
3.1.6 PTT-A (Diagnostica Stago, 00595)
3.1.7 CoagControl N+ABN (Diagnostica Stago, 00676)
3.1.8 SystemControl N+P (Diagnostica Stago, 00678)
3.2  Materials
3.2.1 Metal balls for coagulometer (Diagnostica Stago, 26441)
3.2.2 Pipettes covering the range of 0.05 to 10 mL
3.3 Equipment
3.3.1 Centrifuge
3.3.2 Refrigerator, 2-8°C
3.3.3 Coagulometer

4. Preparation of Study Samples

This assay requires 350 pL of nanoparticles, at a concentration 10x that of the highest tested
concentration, dissolved/resuspended in PBS or other relevant media. The following questions
have to be considered when selecting the concentration: i) solubility of nanoparticles in a
biocompatible buffer; ii) pH within physiological range; iii) availability of nanomaterial; and iv)
stability. Nanoparticles are routinely tested at four concentrations: 1.0, 0.2, 0.04 and 0.008
mg/mL. However, when the nanoparticle’s plasma concentration is known from in vivo PK
studies, the highest concentration tested in vitro is chosen as 10x, 30x or 100x of that Crax. The
three additional test concentrations are calculated as serial 1:5 dilutions of the highest test
concentration. For the original screen, we recommend beginning with the highest nanoparticle
concentration possible. When a nanoparticle carries a drug, the concentration should be based on
the drug (API) and not on the total formulation.

If the highest tested nanoparticle concentration is 1.0 mg/mL, the stock nanoparticle
concentration should be 10 mg/mL (There is a 1:10 dilution of the sample during testing; see step
5.2.). Three 90 uL replicates (n = 3) are tested for each of the four test concentrations (1.0, 0.2,
0.04 and 0.008 mg/mL).



5. Test Plasma and Control Preparation

5.1

5.2

5.3

Test-Plasma

Use freshly collected whole blood within 1 h after collection. Spin the blood 10
min, 2500 x g at 20-22°C; collect plasma and pool. Pooled plasma is stable for 8
h at room temperature. Do not refrigerate or freeze.

Analyze 2 duplicates (4 total samples) of test-plasma in each of the coagulation
assays; run one duplicate before the nanoparticle samples and the second
duplicate at the end of each run.

Nanoparticle-treated test-plasma

In a microcentrifuge tube, combine 90 uL of nanoparticles (as prepared in step 4)
and 900 pL of test plasma; mix well and incubate 30 minutes at 37°C. Prepare
three tubes for each nanoparticle.

System N+P and Coag N+ABN controls

Reconstitute lyophilized control plasmas with 2 mL of distilled water. Let the
solutions stand at room temperature 30 min prior to use. Mix thoroughly before
use. Keep unused portion refrigerated and use within 48 h after reconstitution.

These plasma samples are used as instrument controls.

6. Experimental Procedure

6.1

6.2

6.3

6.4

Set-up instrument test parameters for each of the four assays. Refer to the
Appendix for a quick list of instrument settings and reagent volumes. Allow the
instrument to warm up 5-10 min prior to use.

Prepare all reagents and warm to 37°C prior to use. Note that lyophilized reagents
should be reconstituted at least 30 minutes prior to use.

Place cuvettes into A, B, C and D test rows on the coagulometer (Note: this
protocol is based on the semi-automatic STArt4 coagulometer from Diagnostica
Stago (1). If using a different instrument, please follow the operational guidelines
recommended by the instrument manufacturer).

Add one metal ball into each cuvette and allow cuvette and ball to warm for at

least 3 minutes prior to use.



6.5 Add 100 uL of control or test plasma to a cuvette when testing PT or thrombine
time, and 50 uL when testing APTT (refer to the Appendix for reference). Prepare
three duplicate cuvettes (6 total) for each plasma sample.

6.6 This step is only for APTT :

Add 50 pL of PTT-A reagent to plasma samples in cuvettes.

6.7 Start the timer for each of the test rows by pressing the A, B, C or D timer
buttons. Ten seconds before time is up, the timer starts beeping. When this
happens, immediately transfer cuvettes to PIP row and press PIP button to
activate pipettor.

6.8 When time is up, add coagulation activation reagent to each cuvette and record
coagulation time. Refer to the Appendix for the type of coagulation activation

reagent and volume for each of the four assays.

7. Calculations

7.1 A Percent Coefficient of Variation should be calculated for each control or test
according to the following formula: %CV = SD/Mean x 100%

8. Acceptance Criteria

8.1  %CV for each control and test sample should be within 5%.
8.2 If two duplicates of the same study sample demonstrated results > 5% different,

this sample should be reanalyzed.

9. References

1. STart4 Standard operating procedure and training manual. Diagnostica Stago,
26987, June 2002.

10. Abbreviations

ABN abnormal

API active pharmaceutical ingredient
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11. Appendix

ITA-12 Quick Reference Guide

Instrument Settings Volumes
Normal
Coagulation ;
Assay Control ) Incubation Single/ o Plasma and Reagent o Coagulation
Max Time . . Precision Activation Time
Time Duplicate Volumes
Reagent Volumes
Neoplastine
PT Coag Control )
) 60 sec 120 sec Duplicate 5% 100 pL Plasma Reagent: 100 uL <13.4 sec
(neoplastine) N+ABN -
(PIP Position 4)
Coag Control ) 50 uL Plasma + CaCl,: 50 pL
APTT 120 sec 180 sec Duplicate 5% . <34.1sec
N+ABN 50 uL PTT-A Reagent (PIP Position 2)
) Coag Control ) Thrombine: 100 pL
Thrombine 60 sec 60 sec Duplicate 5% 100 pL Plasma - <21sec
N+ABN (PIP Position 4)




