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ABSTRACT

Comments or questions at rd50@pitt.edu

OBJECTIVES AND GOALS

In 1966, Alarie, Y. (Arch. Env. Health 13: 433-449) published a bioassay to evaluate the potency of airborne
chemicals (vapors and aerosols) as sensory irritants. The potency was expressed as the exposure concentration
resulting in a characteristic decrease in respiratory rate by 50% (RD50) in mice. The bioassay became widely
used and QSARs were obtained (Alarie, Y. 1973 CRC Crit. Rev. Toxicol. 2: 299-363). A large database (244
chemicals) was then analyzed by M. Schaper in 1993 (Am. Ind. Hyg. Assoc. J. 54: 488-544). A correlation
(R2=0.78) was obtained using 89 industrial chemicals for which both RD50s and Threshold Limit Values (TLVs)
were available as well as with LOAELs and RELs (Kuwabara, Y. et al. 2007. Environ. Health Perspec. 115:16091616) with this database. From this database, RD50s were also available for 83 reactive (r) and 59 nonreactive
(nr) volatile organic chemicals (VOCs) of industrial importance. These chemicals were evaluated using sets of
chemical descriptors. Excellent QSARs were obtained for nrVOCs (Alarie, Y. et al. 1998. Arch. Toxicol. 72:125140, and Luan, F. et al. 2006. Chemosphere 63:1142-1153). For rVOCs, their potency was explained by
separating them on the basis of specific reactivity mechanisms. Recently, Gupta, S. et al. (Ecotoxicology 2015,
24:873-886) used the same VOCs database. First they were able to differentiate the rVOCs from the nrVOCs
and then predict the RD50s for both groups. This was arrived at on the basis of decision tree classification
followed by regression analysis using selected molecular descriptors. Thus the use of QSARs capable of
predicting RD50s, LOAELs or RELs values for regulatory purposes, for r or nrVOCs is within reach. Not so yet
for solids or for liquids of very low vapor pressure, encountered in the aerosol state. The following will be
presented and discussed and will be available at www.pitt.edu/~RD50 for investigators to use to further improve
predictive models using various approaches: 1) Update of the Schaper 1993 database adding published RD50s
since then and updating TLV values to 2015; 2) Update the database for aerosols for further QSAR analysis.

Estimates of Threshold Limit Values (TLVs)
for New Chemicals

•

Restricted to Volatile Organic Chemicals (VOCs)

•

Both Non-Reactive (nrVOCs) and Reactive (rVOCs)

•

Estimates obtained from RD50 values obtained in mice

•

Estimates obtained from computational (calculation)
methods capable of estimating physicochemical
descriptors.

•
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(Translation in English by E. Ullman. (2001). Resp. Physiol. 127: 94-104.)
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produites par l'irritation des voies respiratoires. Ann. Physiol. 1: 394-427.
Allen, W.F. (1929). Effect of various inhaled vapors on respiration and blood
pressure in anesthetized, unanesthetized, sleeping and anosmic subjects. Amer.
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MOUSE BIOASSAY: HISTORY

(1)

LEGEND FOR FIGURES

(1) Mouse exposure chamber (Alarie, 1966)
(2) Breathing patterns in mice (top: normal;
bottom: during exposure to a sensory irritant)
(3) Concentration-response relationships for:
CBMN and DACA, as obtained in mice
(4) 0.03 x RD50 versus TLV (1980): 26 chemicals
(5) 0.03 x RD50 versus TLV (1991): 89 chemicals

(2)

(5)
(4)

Be in a position to estimate the potency of new and
never-tested chemicals if the computational methods
are verified, and if so:

(3)
“Estimates of TLVs, Not RD50s, For
New Chemicals Is What We Want”
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The updated 1993 Schaper table contains the
following:
• Chemical # and number of entries for each
chemical
• CAS number and TLV Documentation date
• Type of mice used for exposure
• RD50 value obtained (ppm)
• RD50 x 0.03 (ppm)
• 1991-1992 TLV (ppm)
• 2015 TLV (ppm)
• 2015 Basis (health effects) for TLV
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(1)

Airflow (Vdot) and tidal volume
(VT) during:
(2) Sensory irritation (SI)
(3) Airways constriction/
airflow limitation (A)
(4a,b) Pulmonary irritation (P)

(2)

GRAPHS USING DATA FROM TABLE 1.
Left: Linear regression analysis of 2015 TLV versus 0.03 x RD50
Right: Analysis of the residuals for the least squares linear regression analysis of 2015 TLV vs. 0.03 x RD50
in the figure on the left can be inspected and shows that the linear model is adequate. Outliers are easily
identified as noted on the linear regression analysis plot. Statistical analysis was conducted using Minitab
17. In the “Versus Order” plot, the observation numbers correspond to the entry numbers in Table 1.

Entire Table And A Copy of This Poster
Available At: www.pitt.edu/~rd50/

log10(2015 TLV) = - 0.01900 + 0.8392 log10(0.03 x RD50)
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Concentration-response relationships during exposure to CBC for
(5a) %BPM (respiratory rate)
(5b) %TB (time of “braking”)
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(4b)

102 CHEMICALS
184 ENTRIES
LEGEND FOR FIGURES

Gupta et al. (2015). Estimating irritation
potency of volatile organic chemicals using
QSARs based on decision tree methods for
regulatory purpose. Ecotox. 24: 873-886

(1) QSAR modeling steps, respective OECD principles
(2) Histogram of sensory irritation potency (log RD50)
of VOCs in mice
(3) Measured vs. model predicted log RD50 values

(3)

Single Decision Tree

Decision Tree Forest

(2)
Decision Tree Boost

NEED TO TEST GUPTA ET AL. (2015) QSAR WITH NEW CHEMICALS

•

The QSAR contains 145 chemicals, but only 102 have a TLV. This is not a
problem.

•

However, we need to test how good the potency estimates would be for new
chemicals. This is required for any QSAR.

•

A total of 114 chemicals (all nr or r VOCs) were identified with the basis for
their TLV being ‘URT irr’, ‘Eye irr’ in the 2015 ACGIH TLV Booklet. These are
presented in the table below.

•

We could obtain RD50 values in mice to verify how close the estimated TLV
(0.03 x RD50) would be. This is not necessary.

•
•

Since TLV = 0.03 x RD50, it follows that RD50 = TLV / 0.03.
We would now have a total of 216 chemicals.
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Residual Plots for log10(2015 TLV)

2015 TLV versus 0.03 x RD50 for 184 entries from 102 chemicals

Frequency

(1) Normal airflow (Vdot) and
tidal volume (VT) in mice

TABLE 1.
2015 Update of the 1993 Schaper
database of RD50s and their TLV values.

Residual

Vijayaraghavan, et al. (1994). Computer assisted recognition and
quantitation of the effects of airborne chemicals acting at different
areas of the respiratory tract in mice. Arch. Toxicol. 68: 490-499.
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TABLE 2. List of Chemicals with Threshold Limit Values (TLVs) primarily Entire Table And A Copy of This Poster
based on sensory irritation. No RD50 values are available for these
Available At: www.pitt.edu/~rd50/
chemicals. This table includes only volatile organic chemicals (VOCs).
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WHAT TO EXPECT IF USING THE QSAR WITH
THESE ADDITIONAL CHEMICALS

Looking at the chemicals given in Table 2, an organic chemist
would reach the conclusion that we would expect several
outliers. This is simply because many of them would fall
outside of the chemical domain in the current QSAR.
However, this is not a problem. If so, new and expanded
training and test sets would be appropriate for again testing
how valuable a QSAR could be to evaluate the TLV of yet
untested chemicals, provided that they are VOCs.
We can also expect new chemicals to be introduced in the
workplace. The computerized method has greatly expanded
our ability to establish the likely location/s of the respiratory
tract that may be most affected during inhalation exposures.

