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derived linear regression utilizing the RC dataset of rat LDso values
(285/347 chemicals) in mg/kg body weight may be suitable for
estimating the starting doses for rat LDso 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 NO1-ES-35504.

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 reduce?’
and refine? 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.

TReduction alternative: A new or modified test method that reduces the number of animals
required.

°Refinement alternative: A new or modified test method that refines procedures to lessen
or eliminate pain or distress in animals or enhances animal well-being.

rat LDso data (i.e., the regression excluded the chemicals with mouse
LDso data) using the original units of mM for ICs0 and mmol/kg for LDso
Figure 2b. Rat data only were used because:

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

the majority of LDso 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 LDso data only was almost
identical to the original RC regression which used both rat and mouse
LDso data.

The RC Rat-Only Regression

The second regression used the same RC data for the 282 chemicals
with rat LDso 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 LDso and pg/mL for the 1Cs0) 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 LDso values expressed in mg/kQ)

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 LDso 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 LDso > 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 LDso <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,
iInhibits 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).

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

Inhibition of transmembrane Ca++
flux in excitatory tissues. Cardiac-

Ca++ channel blocker. Also alpha-
adrenergic blockade.

VerapamilHCI 152-11-4 49.11

p,p'-DDD 72-54-8 7.68 Carcinogenic; neurotoxic

p,p'-DDT 50-29-3 56.72 Inhibits ADP phosphorolation

Tributyltin chloride 1461-22-9 0.18 Neurotoxic

Affects respiratory functions; CNS
depression; Enhancement of
inhibition occurs primarily at
synapses where neurotransmission
is mediated by GABA acting at
GABAa receptors

Secobarbital sodium 309-43-3 54.66

Alpha-adrenergic antagonistic

Chlorpromazine 50-53-3 4.46 activity;: CNS depression

Cygon 60-51-5 284.29 Inhibits cholinesterase

Neurotoxic; CNS depression through
inhibition of GABA synapses?
Inhibits hepatic NADH cytochrome
oxidoreductase;

Phenobarbital 50-06-6 884.91

Bendiocarb 22781-23-3 40.19 Cholinesterase inhibitor

Inhibition of phosphodiesterase
leading to AMP accumulation.
Translocation of intracellular Ca++?
Adenosine receptor antagonism?;
neurotoxic

Caffeine 58-08-2 512.74

Trifluoroacetic acid 76-05-1 2337.62 Metabolic poison

Pentobarbital sodium 57-33-0 176.29 Affects respiratory functions

Carbaryl 63-25-2 52.32 Cholinesterase inhibitor

Antidepressant; affects
parasympahtetic nervous system,
CNS and cardiovascular system

Imipramine * HCI 113-52-0 17.11

CNS stimulant; alpha-receptor

(-)-Phenylephrine 59-42-7 74417 stimulant

CNS stimulant; alpha-receptor

Phenylephrine * HCI 61-76-7 847.35 :
stimulant

carcinogenic; inhibits cholinesterase
(its entire anticholinesterase action is
the result of its nonenzymatic
conversion to form dichlorovos )

Trichlorfon 52-68-6 69.51

myocardial depressant;

Quinidine sulfate 50-54-4 50.70 anticholinergic properties

potentiation of GABA, receptor
activity, inhibition of N-methyl-D-
aspartate activity, & modulation of 5-
hydroxytryptamine; receptor-
mediated depolarization of the vagas
nerve; CNS Depressant

Chloral hydrate 302-17-0

Inhibits the ATPase associated with
Kelthane 115-32-2 oxidative phosphorylation & cation

transport in plasma membranes.

Glutethimide 77.21-4 CN.S. depression; anticholinergic
activity

Antimuscarinic, anticholinergic
action. Competitive antagonism of
anticholinesterase at cardiac & CNS
receptor sites

Atropine sulfate 55-48-1

Causes potentiation of the neural
inhibition that is mediated by GABA,;
CNS depressant

Diazepam 439-14-5

Alkylating agent; inhibits DNA, RNA,
and protein synthesis; antineoplastic
agent

Natulan * HCI 366-70-1

CNS stimulant; Hypothetical:
Inhibition of phosphodiesterase
Caffeine sodium benzoate 8000-95-1 1918.33 859 3035 leading to AMP accumulation.
Translocation of intracellular Ca++?
Adenosine receptor antagonism?

67 | Malathion 121-75-5 66.08 885 692 Cholinesterase inhibitor

6533-68-2 CNS depressant; antagonization of

251 | Scopolamine * HBr 415.05 1268 1676 acetylcholine at the muscarinic
114-49-8 ) .

— receptor; belladona alkaloid

Chemicals for which the primary mechanism of toxicity is expected to require specialized cells; includes alkylating agents, cholinesterase
inhibitors, neurotoxins, energy inhibitors, and cardiotoxic compounds.

'Chemicals that fall outside of the + log 5 acceptance interval; outlier determination: if log of observed LD50 value (in mmol/kg) minus log of
predicted LD50 value > 0.699 (or log 5), then positive (Pos) outlier; if < -0.699 (or -log 5) then negative (Neg) outlier

%IC50 value from the RC; converted from mmol/L to pg/mL
®LD50 value from the RC; collected from 83/84 RTECS
*calculated from the RC regression: log (LD50) = 0.435 x log (IC50x) + 0.625; converted from mmol/kg to mg/kg

®Information obtained from databases (Hazardous Substance Database [HSDB]; Haz-Map; Pesticide Action Network [PAN] Pesticides
Database; IPCS INTOX Database) and Casarett & Doull's Toxicology (2001)

®|dentification made by RC author (Halle 2003)

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

Regression N° Accuracy
46 3T3 - 26%

47 NHK — 28%

RC —millimole units

I(\:Ah?adr: :gglsR v?it(rzast;enr!%igﬁggrlggisms of | 40 313 —46%
: : : 47 NHK — 38%

action) —weight units

“Globally Harmonized System of Classification and Labelling of

Chemicals with LDsq in mg/kg (UN 2005).
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