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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 protocol for quantitative determination of nitrite (NO2-) a stable
oxidative end-product of the antimicrobial effector molecule nitric oxide in cell culture
medium. The protocol is used to evaluate capability of nanomaterials to induce nitric oxide
production by macrophages. Nitric oxide secreted by macrophages has a half-life of seconds; it
interacts with a number of different molecular targets, resulting in cytotoxicity. In the presence
of oxygen and water, nitric oxide interacts with itself togenerate other reactive nitrogen oxide
intermediates and ultimately decomposes to form NO2— and nitrate (NO3—). Measurement of
NO2- in tissue culture medium using the Greiss reagent provides a surrogate marker and
quantitative indicator of nitric oxide production. Murine macrophage cell line RAW 264.7 is
used as a model in this assay. The upper limit of quantification is 250uM and the lower limit of

quantification is 1.95uM. The assay requires 1500 pL of a test-nanomaterial.

2. Reagents
2.1.  PBS, HyClone, cat# AQB 22934
2.2.  LPS O55:B5 or equivalent, Sigma, cat# L6529
2.3.  Fetal bovine serum, Hyclone.
2.4. RPMI-1640 without phenol red, Invitrogen, cat#11835-055
2.5. Hanks balanced salt solution (HBSS), Invitrogen, cat#24020-117
2.6.  Pen/Strep solution, Invitrogen, cat#15140-148

2.7.  B-mercaptoethanol, Sigma cat#M7522

2.8.  Trypan Blue solution, Invitrogen, cat#15250-061

2.9.  Naphthylethylenediamine dihydrochloride , Sigma, Cat#N9125

2.10. Sulfanilamide, Sigma cat# S9251

2.11. Phosporic acid, Aldrich cat# 22,248-8

2.12.  Sodium Nitrite (NaNO?2) Standard, 0.1 M stock solution, Sigma cat# 35271

Note: Equivalent reagents from other vendor can be used

3. Equipment
3.1.  Pipettes covering range from 0.05 to 10 mL
3.2.  Flat bottom 96 well plates
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3.3.
3.4.
3.5.
3.6.
3.7.
3.8.
3.9.

3.10.
3.11.
3.12.
3.13.

24 well plates

Polypropylene tubes 5 and 15 mL

Centrifuge

Refrigerator, 2-8°C

Freezer, -20°C

Cell culture incubator with 5% CO, and 95% humidity.

Biohazard safety cabinet approved for level II handling of biological material
Inverted microscope

Vortex

Hemacytometer

Plate reader

4. Reagent, Calibration Standards and Controls Preparation

4.1.

4.2.

4.3.

4.4.

Complete RPMI-1640 medium

The complete RPMI medium should contain the following reagents:

10% FBS (heat inactivated)

2 mM L-glutamine

50 uM B-mercaptoethanol

100U/mL penicillin

100 pg/mL streptomycin sulfate

Store at 2-8°C protected from light for no longer than 1 month. Before using, warm in a
water bath.

Lipopolysaccharide 1mg/mL (LPS, Stock)

Add 1 mL of sterile PBS or cell culture medium per 1 mg of LPS to the vial and vortex
to mix. Store daily use aliquots at a nominal temperature of -20°C.

Positive control

Dilute stock LPS solution in cell culture medium to a final concentration of
100 ng/mL. Store at room temperature. Discard unused portion after experiment is
set-up.

Negative Control

Use PBS as a negative control.
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4.5. Heat-inactivated fetal bovine serum

Thaw a bottle with FBS at room temperature or overnight at 2-8°C, and allow to

equilibrate to room temperature. Incubate 30 minutes at 56°C in a water bath mixing

every 5 minutes. Single use aliquots may be stored at 2-8°C for up to one month or at a

nominal temperature of -20°C.

4.6. Greiss Reagents

A.

Dissolve sulfanilamide in 2.5% phosphoric acid (H3PO,) to a final concentration
of 1% (w/v), e.g. dissolve 1g of sulfanilamide in 100 mL of 2.5% H3PO..
Dissolve naphthylethylenediamine dihydrochloride in 2.5% H3PO4 to a final
concentration of 0.1% (w/v), e.g. dissolve 100mg of naphthylethylenediamine
dihydrochloride in 100 mL of 2.5% H;3PO..

Store both solutions in glass bottles at 4°C; discard if discoloration occurred or

solutions are not clear.

4.7.  Preparation of NaNO, Calibration Standards

Example is shown in the table below. Volumes can be adjusted based on the need.

Level
Int. A

Int .B
Call
Cal 2
Cal 3
Cal 4
Cal 5
Cal 6
Cal 7
Cal 8
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Nominal Conc.,uM Preparation Procedure
10 000 100 uL Stock + 900 uL complete medium
1000 100 pL Int A. + 900 pL complete medium
250 200 pL Int.B.+ 600 pL complete medium
125 400 pL Cal 1 + 400 pL complete medium
62.5 400 puL Cal 2 + 400 uL complete medium
31.3 400 uL Cal 3 +400 puL complete medium
15.6 400 pL Cal 4 + 400 pL complete medium
7.81 400 pL Cal 5+ 400 uL complete medium
3.91 400 pL Cal 6 +400 uL complete medium
1.95 400 pL Cal 7+ 400 pL complete medium
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4.8.  Preparation of NaNO, Quality Controls

Example is shown in the table below. Volumes can be adjusted based on the need.

Level

Int. A
Int .B
QC1
QC?2
QC3

Nominal Conc.,uM

10 000
1000
100
50
5

5. Preparation of Study Samples

This assay requires 1500 uL of nanoparticles dissolved/resuspended in complete culture

Preparation Procedure
100 pL Stock + 900 uL complete medium

100 pL Int A. + 900 pL complete medium
100 pL Int B + 900 puL complete medium
400 uL QCI1 + 400 pL complete medium
100 pL QC2 + 900 pL complete medium

medium, i.e. three 500 uL replicates per sample. The following questions have to be

considered when selecting the concentration: 1) solubility of nanoparticles in a biocompatible
buffer; ii) pH within physiological range; iii) availability of nanomaterial and iv) stability. For

the initial screen the test concentration is selected based on results from general toxicity assays.

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 highest dose tested in general toxicity assay.

6. Cell preparation

Grow cells in complete medium. Dislodge the cells using trypsin-EDTA solution and

resuspend in complete medium. A subcultivation ratio of 1:3 to 1:6 is recommended. Replace

or add medium every 2 to 3 days.

7. Experimental Procedure

7.1.  Adjust cell concentration to 1 x 10° per mL using complete medium

7.2.  Plate 1000 pL of cell suspension per well on 24 well plate. Prepare triplicate wells for

each sample and duplicate wells for each control. Always leave 1 cell-free well per
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7.3.
7.4.

7.5.
7.6.

7.7.
7.8.
7.9.
7.10.

nanoparticle per plate. These wells will be used to assay potential nanoparticle
interference with assay. This is a “Culture Plate”.

Incubate the “Culture Plate” 24h in humidified 37°C, 5% CO?2 incubator.

Remove culture medium and add 500 pL of study samples, controls or medium blank to
appropriate wells. Position samples on the plate such as study samples are bracketed by
controls and blank medium.

Incubate the “Culture Plate” 48+1h in humidified 37°C, 5% CO2 incubator.

To a fresh 96 well plate add 50 uL per well of reagent blank [culture medium used to
prepare calibration standards and quality controls], calibration standards, quality
controls and medium from each well of the “Culture plate”. Load duplicate wells for
each sample and control. This is a “NO” Test Plate”.

Note: Removal of nanoparticles from culture medium may be required prior to this step
if nanoparticles can interfere with assay, e.g. particles react with either or both
components of the Greiss reagent or have absorbance at or close to 550 nm. If a
particle removal is not feasible, results obtained for ““minus particles” control may be
subtracted from that obtained for particle test-sample to correct the latter for particle
interference background.

In a separate tube combine equal volumes of Greiss reagent A and Greiss reagent B
Add 100 pl of each Greiss reagent per well of “NO™ Test Plate”.

Place the plate on a shaker for 2-3 minutes to allow all ingredients to mix.

Measure absorbance at 550 nm.

8. Calculations

A Percent Coefficient of Variation is used to control precision and calculated for each control

or test sample according to the following formula:

% CV=SD/Mean x 100%.

Percent Difference from Theoretical (PDFT) is used to control accuracy of the assay calibration

standards and quality controls, and is calculated according to the following formula:

PDFT = Calculated NaNO, concentration — Theoretical NaNO, concentration x 100%

Theoretical NaNO, concentration

NCL Method ITA-7 December 2005 7

Version 1.0



9. Acceptance Criteria

9.1.  %CYV for each control and test sample should be within 30%.

9.2.  Ifpositive control fail to meet acceptance criterion described in 9.1 the assay should be
repeated.

9.3.  Within the acceptable assay if two of three replicates of unknown sample fail to meet
acceptance criterion described in 9.1 this unknown sample should be reanalyzed.

9.4. Iftwo duplicates of the same study sample demonstrated results different more then
30%, this sample should be reanalyzed.

9.5. %CV and PDFT of calibration standards and quality controls should be within 20%. At
least 5 calibrators should be available. Four of six QC and at least one of each level
should be acceptable. If not, new set of calibration standards and quality controls

should be prepared and test samples re-loaded onto a new plate.
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Bierer (Brigham & Women's Hospital); David H. Margulies (NIAID, NIH); Ethan M.
Shevach (NIAID, NIH); Warren Strober (NIAID, NIH); Richard Coico (Weill Medical
College of Cornell University); John Wiley & Sons, Inc., 2005
10.2. Standard practice for evaluation of immune responses in biocompatibility testing using

ELISA tests, lymphocytes proliferation, and cell migration. ASTM F1906-98.
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