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Abstract

The Registry of Cytotoxicity (RC), which consists of in vivo acute
oral toxicity data from rats and mice and in vitro cytotoxicity data
from multiple mammalian cell lines for 347 chemicals, was
published in 1998 (Halle 1998).  A regression model constructed
from these data was proposed by ZEBET, the German National
Center for the Documentation and Evaluation of Alternative
Methods to Animal Experiments, as a method to reduce animal
use by identifying the most appropriate starting doses for acute
oral systemic toxicity tests (Halle 1998; Spielmann et al. 1999).
The regression line, however, presents LD50 data in mmoles/kg
body weight making it unsuitable for formulations and mixtures.
NICEATM/ECVAM has performed a validation study to evaluate
3T3 and NHK cells in basal cytotoxicity assays with a neutral red
uptake (NRU) cell viability endpoint to predict starting doses for
the acute oral Up-and-Down Procedure (UDP).  Linear regression
models were determined using the log rat LD50 (mg/kg) versus
the log IC50 (µg/mL) for the 55 RC chemicals evaluated in this
study.  This regression line was compared to a similarly derived
regression utilizing the RC dataset for these chemicals and was
found to be in agreement.  A review of the NICEATM/ECVAM data
and the RC data confirms that those chemicals with known
mechanisms of toxicity (i.e., cholinesterase inhibitors, etc.) or
those requiring metabolic activation are often discordant with the
model.  By removing these chemicals from the analysis, a newly
derived linear regression utilizing the RC dataset of rat LD50 values
(285/347 chemicals) in mg/kg body weight may be suitable for
estimating the starting doses for rat LD50 determinations for
formulations and mixtures using the UDP.  A similar model can
be derived for the mouse utilizing the RC dataset (242/347
chemicals).  Supported by NIEHS contract N01-ES-35504.

Abstract

1Reduction alternative:  A new or modified test method that reduces the number of animals
required.
2Refinement alternative:  A new or modified test method that refines procedures to lessen
or eliminate pain or distress in animals or enhances animal well-being.

Introduction

Accidental poisoning is a more serious public health problem
than is generally recognized.  The Institute of Medicine estimates
that more than 4 million poisoning episodes occur annually in
the United States (Institute of Medicine 2004).  In 2001, 30,800
deaths placed poisoning as the second leading cause of injury-
related death behind automobile accidents (42,433 deaths)
(Institute of Medicine 2004).  The hazard potential for poisoning
in humans is assessed by acute oral toxicity testing in rodents,
which is a regulatory requirement for many substances and
products.  However, ethical and societal demands call for
decreasing the numbers of animals used for such studies.

In vitro basal cytotoxicity test methods are not currently suitable
as replacements for acute oral systemic toxicity assays; however,
such test methods have been evaluated as a means to reduce1

and refine2 the use of the animals in toxicity testing.  The Registry
of Cytotoxicity (RC), a database of 347 substances that currently
consists of in vivo acute toxicity data from rats and mice and in
vitro cytotoxicity data from multiple cell lines, was published in
1998 (Halle 1998).  A regression formula, hereafter referred to as
the RC regression, constructed from these data was proposed
by ZEBET, the German National Center for the Documentation
and Evaluation of Alternative Methods to Animal Experiments,
as a method to reduce animal use by identifying the most
appropriate starting doses for acute oral systemic toxicity tests
(Halle 1998; Spielmann et al. 1999).

This is one of three abstracts describing the results of a validation
study conducted in three laboratories to determine the usefulness
and limitations of two in vitro basal cytotoxicity test methods for
estimating starting doses for acute oral systemic toxicity assays,
and to determine the extent that the use of cytotoxicity data
might reduce the total number of animals used for in vivo tests.
Abstract 1970 reports the reproducibility of these in vivo tests
and abstract 1968 characterizes the reduction of animal use.
The validation study was organized by the National Toxicology
Program (NTP) Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) and the European Center for
the Validation of Alternative Methods (ECVAM) and is hereafter
referred to as the NICEATM/ECVAM validation study.

This poster describes improvements to the linear regression
models developed to enhance the prediction of the most
appropriate starting dose for acute oral systemic toxicity tests.

Introduction

Figure 2.  RC Regression (a) and RC Rat Regression
(b) Using Millimole Units

Table 3.  Comparison of Regressions and In Vitro
NRU Test Methods for Performance in Predicting
GHSa Toxicity Categories
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Conclusions

• Substances with specific toxic mechanisms that are not
expected to be active in 3T3 or NHK cells (e.g., those that
are neurotoxic, cardiotoxic, interfere with energy utilization,
or alkylate proteins and other macromolecules) will likely be
underpredicted by these in vitro basal cytotoxicity test
methods.  Therefore, the results from basal cytotoxicity testing
with such substances may not be appropriate.

• The regression formula to use for determining starting doses
should be the revised Registry of Cytotoxicity (RC) regression
line [with IC50 values in g/mL and LD50 values in mg/kg]
developed with the RC chemicals using rat LD50 data only
and excluding chemicals with mechanisms of action that are
not expected to be active in in vitro basal cytotoxicity test
methods.

• This revised regression can be applied to rat oral LD50 testing
of mixtures and unknowns where the molecular weight is not
applicable or not known, respectively.

• The revised RC regression improves the regression’s ability to
predict Globally Harmonized System (GHS) Classification Toxicity
Categories utilizing the 3T3 NRU assay from 26% to 46% and
the NHK NRU Assay from 28% to 38% (see Table 3)

ConclusionsTable 2.  Excluded Chemicals with Specific
Mechanisms of Action

Table 1.  Linear Regression Analyses to Improve
the Prediction of Rodent LD50 from In Vitro NRU
IC50 Using the RC Regressiona

Figure 1.  Regression for the 58 RC Chemicals
with the 3T3 and NHK NRU Regressions

Regression for the 58 RC chemicals using RC data is log LD50

= 0.659 log IC50 + 0.323 (adjusted R2 = 0.683).  The combined-
laboratory 3T3 NRU regression is log LD50 = 0.589 log IC50 +
0.425 (adjusted R2 = 0.524).  The combined-laboratory NHK NRU
regression is log LD50 = 0.510 log IC50 + 0.452 (adjusted R2 =
0.455).  These regressions are not significantly different at p<0.05.

Figure 3.  RC Rat-Only Regression (a) and RC
Rat-Only Regression Excluding 50 Chemicals
with Specific Mechanisms of Toxicity (b) Using
Weight Units

Comparison of 3T3/NHK Regressions
to the RC Regression

The NICEATM/ECVAM validation study tested 58 RC chemicals.  Since
the regressions generated by the three laboratories were not statistically
different from one another, the data were combined (using a geometric
mean IC50 of the three individual laboratory geometric mean IC50 values)
into a single regression for each test method (3T3 and NHK). A graphical
comparison of the RC regression for the 58 chemicals to the 3T3 and
NHK combined-laboratory regressions is shown in Figure 1.  A statistical
comparison of slope and intercept (simultaneously) using an F test
showed that neither the 3T3 regression (p = 0.929) nor the NHK regression
(p = 0.144) was different from the 58 RC chemical regression.

Improving the Prediction of In Vivo Rat LD50 Values From In Vitro
NRU IC50 Data
Since the RC and the 3T3 and NHK NRU IC50 – rodent acute oral LD50

regressions were not significantly different, the next step was an attempt
to improve upon the RC millimole regression for the prediction of LD50

values from IC50 values.  The RC data were used to develop three new
regressions.  For reference, the original RC regression (in millimoles) log
(LD50[mmol/kg]) = 0.435 x log (IC50x [mM]) + 0.625 (Halle 1998) is shown
in Figure 2a.

The RC Rat-Only Regression
The first regression used the RC data only for the 282 chemicals with
rat LD50 data (i.e., the regression excluded the chemicals with mouse
LD50 data) using the original units of mM for IC50 and mmol/kg for LD50

Figure 2b.  Rat data only were used because:

• rats and mice may not have the same sensitivity to individual
chemicals

• the majority of LD50 data used in the RC regression were from studies
using rats (282 values versus 65 mouse values) (Halle 1998)

• the vast majority of acute oral systemic toxicity testing is performed
with rats

Table 1 shows that the regression using rat LD50 data only was almost
identical to the original RC regression which used both rat and mouse
LD50 data.

The RC Rat-Only Regression
The second regression used the same RC data for the 282 chemicals
with rat LD50 data, but was calculated with weight units rather than
millimolar units (see Table 1 and Figure 3a).  Weight units (i.e., mg/kg
for the LD50 and µg/mL for the IC50) were selected for the units of
measurement because

• millimole units are not applicable to mixtures and unknown substances

• they are more practical (i.e., in all regulatory systems, hazard
classification is based on LD50 values expressed in mg/kg)

The Modified RC Regression
The third regression refined the weight-unit regression by excluding
chemicals for which the mechanisms of toxic action were not expected
to be active in the 3T3 and NHK cell cultures.  Mechanism of action
data for the 282 RC chemicals with rat LD50 values were obtained from
summary sources (i.e., toxicology textbook and publicly available
chemical databases).  Examination of the RC rat database revealed the
following items:

• 26% (73/282) of the chemicals were outliers (i.e., log observed – log
predicted LD50 > 0.699 as defined for the RC millimole regression)

• for 55% (40/73) of the chemicals, in vivo toxicity was underpredicted;
for 45% (33/73) of the chemicals, in vivo toxicity was overpredicted

• all underpredicted chemicals were very toxic, with LD50 ≤ 200 mg/kg

• the discordant status of 65% (26/40) of the underpredicted chemicals
could be explained by four general mechanisms

neurotoxic (i.e., cholinesterase inhibitor, affects CNS nicotinic
receptor, or otherwise neurotoxic by a mechanism other than
membrane destabilization such as that produced by a solvent)

 interferes with energy utilization (i.e., interferes with ATP synthesis,
inhibits ADP phosphorylation, or uncouples oxidative
phosphorylation, or is a metabolic poison)
cardiotoxic via specific mechanisms (i.e., positive inotropic action,
or calcium channel blocker)
alkylates cellular proteins and other macromolecules (i.e.,
covalently binds to enzymes and other proteins to disrupt normal
function)

Such chemicals would not be expected to exert their toxic mechanisms
in 3T3 and NHK cells and thus, they would be expected to poorly fit the
RC millimole regression, as evidenced by their discordant status.  A
new regression was calculated after the exclusion of 50 chemicals in
the RC database known to act by these four mechanisms (see Table
1 and Figure 3b); this included the 26 underpredicted chemicals and
24 other chemicals that were not identified as outliers (see Table 2).
The third regression was significantly different (p < 0.05) from the RC
rat-only weight regression when slopes and intercepts were simultaneously
compared (F test; p = 0.0063).

Comparison of 3T3/NHK Regressions
to the RC Regression

More information on ICCVAM and NICEATM
can be accessed at:

http://iccvam.niehs.nih.gov/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


