
Introduction

Acute oral toxicity testing is used to characterize the risk of hazard
associated with human exposure to a substance.  In October, 2000,
the International Workshop on In Vitro Methods for Assessing Acute
Systemic Toxicity reviewed the validation status of in vitro methods
directed toward reducing and refining the use of laboratory animals
for acute toxicity testing (ICCVAM 2001a). One approach considered
was the use of in vitro cytotoxicity assays to predict acute in vivo
lethality (Spielmann et al. 1999). One of the workshop recommendations
for reducing and refining the use of animals for lethality assays in the
near-term was the publication of guidance for using in vitro cytotoxicity
assays to estimate the starting dose for acute oral lethality assays
(ICCVAM 2001b). The recommended publication provides details and
examples on how to execute such an approach.
The National Toxicology Program (NTP) Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM) and the
European Centre for the Validation of Alternative Methods (ECVAM)
designed and initiated a three-phase multi-laboratory validation study
using the Guidance Document approach.  The study also evaluates
another workshop recommendation to compare the ability of two in
vitro basal cytotoxicity test methods (rodent or human cells) to estimate
rodent LD50 data and human mortality.  This poster highlights the
value of a phased approach that allows data evaluation and protocol
optimization prior to each subsequent phase.
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The Neutral Red Uptake (NRU)
Cytotoxicity Assay1

The NRU cytotoxicity assay procedure is a cell survival/viability assay
based on the ability of viable cells to incorporate and bind neutral red
(NR), a weak cationic supravital dye that readily penetrates cell
membranes by non-ionic diffusion and predominately accumulates
intracellularly in lysosomes.  Alterations of the cell surface or the
sensitive lysosomal membrane lead to lysosomal fragility and other
changes that gradually become irreversible.  Such changes produced
by toxic substances cause decreased uptake and binding of NR,
making it possible to distinguish between viable, damaged, or dead
cells via spectrophotometric measurements.
Cytotoxicity is expressed as a concentration dependent reduction of the
uptake of NR after chemical exposure, thus providing a sensitive, integrated
signal of both cell integrity and growth inhibition.
1modification of Borenfreund and Puerner (1984); protocol of Riddell et al.
(1986).
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Study Implementation

Seventy-two coded chemicals (12 per Globally Harmonized System
[GHS] class) covering a wide range of toxicity were tested in two
NRU assays using BALB/c 3T3 mouse fibroblast cells and human
normal human keratinocyte (NHK) cells.

• Phase Ia: Laboratory Evaluation Phase - Completed Nov 2002
Development of Positive Control Database for Each Laboratory
For each cell type and each laboratory: performed replicate tests
of the positive control (PC) chemical (sodium laurel sulfate [SLS]),
calculated mean IC50 ± 2 standard deviations, and used IC50

values as acceptance criteria for PC performance in future assays
where the PC is run with each test run. Revised protocols as
needed to achieve reproducibility within and across laboratories.

• Phase Ib: Laboratory Evaluation Phase - Completed May 2003
Limited Chemical Testing for Possible Protocol Refinement
Each laboratory tested the same three coded chemicals of varying
toxicities and generated three replicate acceptable tests/chemical
for each cell type.  Refined protocols and repeated, if necessary,
until acceptable intra-/inter-laboratory reproducibility was achieved.

• Phase II: Laboratory Qualification Phase -Completed Nov 2003
Additional Chemical Testing/Evaluation of Protocol Refinements
Each laboratory tested the same nine coded chemicals covering
the full range of GHS toxicity categories (three replicate acceptable
tests/chemical for each cell type).  Assured that corrective actions
taken in Phase I produced the desired results.  Further refined
protocols and re-tested if needed to achieve acceptable results.
Finalized protocols for Phase III.

• Phase III: Laboratory Testing Phase - Completed Jan 2005
Testing 60 Coded Chemicals using Optimized Protocols
Each laboratory tested the same 60 coded chemicals covering
the full range of GHS toxicity categories (three replicate acceptable
tests/chemical for each cell type) using the final protocols.

Study Implementation
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Figure 4. Stability of SLS Over Time.
Bars show mean IC50 (µg/mL) + 1 SD for 3T3 and NHK NRU assays.  Testing Period: August 2002
to January 2005.  In Phases Ia and Ib, Lab 2 seeded cryopreserved NHKs into 80-cm2 flasks with
fibronectin/collagen coating.  In Phases II and III, Lab 2 used 25-cm2 flasks without fibronectin/collagen
coating.

Figure 3. Representative Dose-Response for Aminopterin in a NHK Definitive Assay.
%Viability Plateaued at the Highest Doses.

Figure 2. NHK NRU Test Data for a Volatile Chemical, Acetonitrile, With/Without Plate Sealer

Figure 1. Optical Density of SLS 3T3 NRU Assay with NR Concentration and Duration.
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Lessons Learned/Conclusions

• Regardless of the expertise of the testing facilities with an assay,
each participating laboratory must demonstrate that a test method
protocol performs as expected prior to beginning a validation study.
A team meeting of those conducting the assays is vital to ensure
conformity and proficiency with the assay.

• It is important during test method protocol optimization to include
substances representative of the range of expected toxicity,
solubility, volatility, and other relevant physical/chemical properties
to maximize the likelihood that the protocol will yield reproducible
results for a broad range of test substances.

• Differences in test results attributable to differences in assay execution
were generally biologically insignificant. This is illustrated by the
consistency of IC50 values for SLS within and among labs through
several protocol changes (see Figure 4). The 3T3 values were
realtively consistent throughout the study and the NHK values became
more consistent when cell culture methods were revised for one
laboratory. This suggests that the NRU assay is a robust assay for
chemicals that have toxicity profiles that conform to the Hill equation.
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Major Steps in Performance
of the NRU Assays

(1) 3T3 cells or NHK cells are seeded into 96-well plates to form a
sub-confluent monolayer (24 h - 3T3 cells, 48-72 h - NHK cells)

(2) Culture medium is removed (for 3T3 cells only)
(3) Cells are exposed for 48 h to the test chemical in treatment

medium over a range of eight (8) concentrations
(4) Cells are evaluated microscopically for morphological alterations
(5) Treatment medium is removed; cells are washed once with

Dulbecco’s Phosphate Buffered Saline (D-PBS); NR dye medium
is added (3T3 cells: 25 µg/mL dye; NHK cells: 33 µg/mL dye);
plates are incubated for three (3) h

(6) NR medium is discarded; cells are washed once with D-PBS; NR
desorbing fixative is added to the plates

(7) Plates are shaken for 20 min
(8) NR absorption is measured at optical density (OD) 540 ± 10 nm
(9) NR uptake is calculated as % viability with respect to control cells

to define IC20, IC50, and IC80 chemical concentrations (µg/mL)
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