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INTRODUCTION

Soda lime is widely used as a carbon dioxide (CO,) absorbent in underwater breathing
systems and hyperbaric facilities. For the past few years, the U.S. Navy has purchased most
of its soda lime for diving from one manufacturer (W.R. Grace & Co., Lexington, MA). This
soda lime was loosely packaged in high-density polyethylene, 5-gallon, round buckets with a
net weight of 37 1b. The absorbent (High Performance Sodasorb®) contained the indicator dye,
ethyl violet, to allow users to monitor by color change the decline in CO, absorbent capacity
of the soda lime. Anecdotal information suggests that the amount of indicator dye in Fleet
Sodasorb® has increased over time, which is confirmed by a recent report from the
manufacturer (1). Unfortunately, the latest Department of Defense specification on soda lime
(2), written in 1953, is not applicable to present requirements and practices, including
packaging and type of indicator dye. For these reasons, soda lime for diving use has been
procured for a number of years by the U.S. Navy without a detailed military specification
and, thus, without defined levels for indicator dye.

Contamination of U.S. Navy Fleet soda lime was suspected when an ammonia-like
odor was reported during its use in August 1992 (3). At that time, there was also concern that
there might be amines present in the soda lime and questions arose regarding the relationship
of contaminants to indicator dye. Preliminary screening of suspected lots of Sodasorb® by the
Naval Medical Research Institute (NMRI) also revealed the presence of significant volatile
hydrocarbons. Despite initial requests to the manufacturer for assistance and guidance, the
issue remained unresolved. Therefore, in September 1992 the Chief of Naval Operations

commissioned the Naval Medical Research and Development Command (NMRDC) to




investigate the issue. In October 1992 the responsibility for conducting the investigation was
assigned to NMRI by NMRDC. The suspected contamination had a major impact on the U.S.
Navy diving program when the Naval Sea Systems Command (NAVSEA) temporarily banned
use of Sodasorb®. Sofnolime®, another brand of soda lime containing ethyl violet (Molecular
Products Ltd., Essex, U.K.), was authorized as an interim replacement (4).

Our investigation was performed from Oct 1992 to May 1994 and had three main
objectives:

1) Identify all potentially dangerous contaminants in Fleet soda lime.

2) Determine whether the indicator dye or the buckets are sources of contamination.

3) Recommend solutions to insure chemically safe soda lime for Fleet diving.
Preliminary findings, along with interim recommendations, have been reported previously to
NAVSEA (5-7). A summary of our results and discussion of their significance for U.S. Navy
diving are under review (8). In response, the U.S. Navy is expected soon to phase in, for all
diving, non-indicating soda lime that will be required to meet specific contaminant limits (9).
In contrast, this report provides expanded information on the analytical procedures used
during the investigation and detailed results from all samples tested. Some of the information

reported elsewhere (8) has been included here to produce a stand-alone document.

METHODS
Soda lime samples
Soda lime test samples were taken from 5-gallon buckets made of high-density

polyethylene that were obtained from U.S. Navy supply stock or from the manufacturer:




1) High performance Sodasorb®

a) 25 lots of 4-8 mesh granules

b) with and without indicator dye

c¢) packaged in 42 round buckets.

2) Sofnolime®
a) 25 iots of 4-8 mesh granules (L. grade) in 34 round or square
buckets

b) 3 lots of 8-12 mesh granules (D grade) in 5 square buckets

c) all but 2 buckets containing indicator dye.
All Sodasorb® buckets were acquired full and unopened prior to testing; a few of the
Sofnolime® buckets had been previously opened and partially used for Fleet diving. Buckets
and lids were marked as to the month of their manufacture.
Sodasorb®

Sodasorb® samples were produced between April 1991 and July 1993, which included

a number of lots without indicator dye made specifically for the Navy. A "lot" is all the soda
lime made during one shift (< one day) of the manufacturing plant. Practically, there may
have been more than one lot produced during a single day. Some of the non-indicator lots
were packaged in canister bags that were then put inside the high-density polyethylene
buckets (10 bags per bucket). Canister bags are laminated and comprised of paper, aluminum,
and plastic. Each bag contains approximately 1350 g of soda lime. This bags-in-bucket
packing was proposed by the manufacturer of Sodasorb® as an alternative packaging method.

All buckets and lids were made by one supplier (Bennett Industries, Inc., San Fernando, CA).




In addition to full buckets, a number of unused, empty buckets identical to those used for
packaging soda lime were obtained and tested after lids had been in place for at least 1 week.
Appendix A lists each Sodasorb® bucket that was sampled and discussed in this report by the
following information: NMRI in-house bucket code, manufacturer lot number, date of soda
lime manufacture (derived from lot number), and month of manufacture of bucket and lid
(marked on the outside bottom of the bucket and inside lid surface). Lid dating required the
removal of the lid from the bucket for a brief time (e.g., less than 30 s).
Sofnolime®

Sofnolime® samples were produced from September 1991 to December 1993. These
included 2 buckets without indicating dye that were also made especially for the Navy.
Sofnolime® was obtained either in round buckets (Fein Plastic Can Corp., currently a
subsidiary of Bennett Industries) similar to those used for Sodasorb®, or in square containers
(Blowmocan, Milton Keynes, U.K.), which had a removable cap on the pour spout rather than
a lid. The round buckets were filled in the U.S. with absorbent, whereas the square buckets
were packaged in the UK. Appendix B lists each bucket of Sofnolime® in the same fashion

as for Sodasorb®, except that lids were not removed. Therefore, lid dates are omitted.

Soda lime contaminant testing

Two types of contaminant tests were performed during this investigation: headspace
testing and contaminant washout.

Headspace testing

Gas was initially sampled from the headspaces (gas spaces) inside closed buckets of




soda lime. These samples were subsequently analyzed to identify and quantify volatile organic
compounds using gas chromatography (GC). Samples were taken using either 1) 500-ml
stainless steel cylinders that had been previously heated and evacuated to at least 30 millitorr
or 2) 150-ml passivated stainless steel syringes (Scientific Instrumentation Specialists,
Moscow, ID). A specially designed stainless steel adaptor with an 18-gauge needle was
inserted through the lid and penetrated approximately 3.5 cm into the bucket space. A rubber
gasket at the base on the needle formed a tight seal preventing outside air from being drawn
into the bucket during sampling. Preliminary GC testing showed that there was no observable
effect of the adaptor on either ppm level hydrocarbon mixtures or hydrocarbon-free gas that
were flowed through it. Headspace samples were drawn following attachment to the adaptor
of either an evacuated cylinder or a syringe that had been purged 3 times with hydrocarbon-
free gas. For cylinder sampling, the cylinder valve was opened slowly, 1 min then allowed for
equilibration, and the valve closed before removal from the bucket. For syringe sampling, the
syringe was filled with approximately 50 ml of bucket gas, expelled to the atmosphere, and
then filled completely (150 ml) before removal.

Upon removal of the bucket adaptor, air was occasionally heard entering the bucket,
suggesting that negative pressure had developed during sampling and that cylinders may have
been equilibrated at less than atmospheric pressure. In other cases, leaks may have allowed
laboratory air to enter the bucket during both cylinder and syringe sampling. For these
reasons, levels of organic compounds measured in the headspace samples may be somewhat
lower than actual concentrations inside the bucket prior to sampling. Following sampling, the

needle hole in the bucket lid was sealed externally using a GC rubber septum and high-




strength adhesive-backed tape.

Headspace samples were not analyzed for ammonia and amines, because our method
of analysis, using Fourier Transform Infrared (FTIR) spectroscopy, required a constant flow to
produce reliable data as discussed below. No reliable method was developed to allow GC
analysis of ammonia and amines.

Contaminant washout

A method was subsequently developed to measure contaminant washout as humidified
5% CO, in hydrocarbon-free air flowed through a bed of soda lime using the test apparatus
shown in Figure 1. This apparatus, with a total internal chamber volume of 11.2 {, was
designed to simulate conditions that might occur during actual use of the absorbent in order to
help estimate exposures during diving. The gas was directed through the bed at 5 #min, out
through the gas cell where FTIR analysis occurred, and then vented into the atmosphere.
Ammonia, amines, and total hydrocarbons were measured using FTIR; gas was also sampled
for subsequent detailed analysis of volatile organic compounds by GC.

The test apparatus was loaded by first opening the bucket spout and pouring soda lime
into a tared metal pan that was then covered with a metal lid and weighed to 2500 + 10 g on
a triple-beam or electronic balance. The bucket spout was immediately closed following soda
lime transfer. Following weighing, the test apparatus was filled with the soda lime and sealed.
These steps were completed quickly (generally less than 10 min) to minimize offgassing of
the soda lime.

This was an open system where contaminants were flushed from the soda lime rather

than allowed to recirculate as they might in a closed-circuit breathing device. As gas




continuously flowed through the FTIR, frequency of measurements was only limited by the
time required for the FTIR quantitation program to complete 1 cycle, which was slightly less
than 3 min. Soda lime samples were required to be analyzed in the test apparatus for at least
20 min; usually this time was considerably longer (e.g., over 1 h), until ammonia and amine
levels dropped to below 1 ppm. Prior to gas sampling for GC analysis, an open-ended adaptor
was attached to the normally closed sample point (noted in Figure 1). This allowed
approximately 100 ml/min of gas leaving the soda lime bed to flush the sample line for 40 s.
The cylinder or pre-flushed syringe was then attached and sampling done the same as for
headspaces, except for one difference: the syringe was first purged with a full 150 ml of
sample gas before obtaining the actual sample vs. only a 50-ml purge for headspace samples
to minimize the amount of gas removed from the closed bucket.

During each experiment, flow, dew point, and CO, level were determined for both
input and output gas, and ambient laboratory and soda lime bed temperatures measured. Dew
point was measured using a dew point hygrometer (model Hygro-M1, General Eastern
Instruments, Woburn, MA). Carbon dioxide was measured in the output gas with an infrared
CO, analyzer (model LI-6252 with model LI-670 flow control unit, LI-COR, Inc., Lincoln,
NE), calibrated with a primary standard of 500 ppm CO, in air, to insure that the absorbent
had scrubbed all CO, from the gas. Ambient laboratory and soda lime bed temperatures were
measured using a Tele-thermometer (model 2100; Yellow Springs Instrument Co., Yellow
Springs, OH). Flows were monitored with rotameters found accurate to within 10% of reading

by measuring the volume of water the gas flow displaced from a graduated cylinder over a

known time.




Gas chromatography

Gas samples were screened for a broad range of volatile organic compounds using
Shimadzu GC-9A temperature-programmable gas chromatographs (Shimadzu Corp.,
Columbia, MD) with both flame ionization detection (FID) and mass spectrometry (MS). For
GC/FID, gas samples (0.5 ml) were introduced using gas sample valves. For GC/MS (model
5970 Mass Selective Detector, Hewlett-Packard Co., Rockville, MD), 100 ml of gas was
preconcentrated at 10 °C on a solid multibed carbon adsorbent (carbotrap 300; Supelco, Inc.,
Bellefonte, PA). Subscquent thermal desorption at 340 °C for 5 min (Nutech 8533 Universal
Sample Concentrator, Nutech Corp., Durham, NC) introduced the sample into the GC. Mass
spectrometer scanning was from 20 to 200 amu.

The following columns were used with the indicated detectors and temperature
profiles:

1) Vocol wide-bore capillary column, 30 m x 0.53 mm, 3.0 m film. FID: 50 °C for 3
min, raised at 8 °C/min to 150 °C for 4.5 min. GC/MS: -20 °C for 3.1 min, raised at 20
°C/min to 150 °C for 11.4 min

2) Supelcowax 10 wide-bore capillary column, 60 m x 0.53 mm, 1.0 pm film. FID: 50
°C for 3 min, raised at 8 °C/min to 150 °C for 5 min.

3) 1/8 inch x 10 ft stainless steel packed column with 3% SP-1500 on 80/120
carbopack packing. FID: 40 °C for 1 min, raised at 20 °C/min to 200 °C for 4 min.

All columns were obtained from Supelco, Inc.
Prior to analysis, all samples in stainless steel cylinders, which were near atmosphere

pressure, were vented to atmosphere and then pressurized with 15 psig of hydrocarbon-free air




using a low-delivery pressure, high-purity regulator. Samples could then be delivered to the
instruments via positive pressure from the cylinder. Quantitation was adjusted for this dilution
effect by applying a correction factor based on the pressures or by performing identical
venting/pressurizing procedures with the calibration mixtures. Preliminary testing with
calibration mixtures demonstrated that such procedures introduced an additional error of no
more than several percent relative of expected value.

During the initial part of this investigation, the same gas sample was simultaneously
analyzed by GC/FID and GC/MS on the same GC using identical columns (Vocol) in order to
determine whether all organic species, particularly the more volatile ones, were effectively
trapped and released by the carbotrap 300 adsorbent. Both analytical methods appeared to
produce similar results in terms of numbers of peaks detected, the general appearance of the
chromatograms, and quantitation, except as described below. Exact retention times were
different, however, as would be expected since injection methods were different (i.c., gas
valve injection vs. thermal desorption). Once this agreement was confirmed, GC/MS was used
exclusively because of its increased sensitivity due to preconcentration and the ability to
generate mass spectra to facilitate identification.

Identification of organic species was based on comparison of retention times of sample
peaks and of species in commercially acquired, primary gas standards. All identifications were
confirmed by comparison of mass spectra. Unknown compounds that did not match retention
times of the standards were identified after careful review of library search results using
Hewlett-Packard G1034B or G1034C software for the MS ChemStation (DOS series) with the

NIST/EPA/MSDC 54K Mass Spectral Database and in view of the limitations inherent in




such searches. Unfortunately, for many of the components of the complex mixtures found in
samples, it was not practical to confirm the search results by injection of the pure chemicals
into the GC/MS.
Quantitation of volatile organic compounds by GC was based on GC/MS analysis with

a conservative reporting limit of 0.1 ppm. When present, hexane, octane, and decane were
individually quantified using a gravimetric sténdard, certified to + 2% relative, containing 2
ppm each of these compounds in hydrocarbon-free air (Scott Specialty Gases, Plumsteadville,
PA). The remaining straight-chained and branched hydrocarbons that were found were
expressed both in terms of octane and decane equivalents by quantifying the sum of their
peak areas relative to the areas of octane and decane in the calibration standard.
Concentrations expressed in these two ways were generally within 10-20% of each other.
Other contaminants that were detected, but estimated to be below the reporting limit, were not
quantified.

~ Thermal desorption from carbotrap 300, as used in this investigation during GC/MS,
was not effective in removing all the heavy molecular hydrocarbons (decane and above). For
this reason, GC/MS quantitation of the few samples with hydrocarbons levels much higher
than the calibration standard (2 ppm) may be low by up to an estimated 30% relative. This
estimate is based on 1) comparative GC/FID data, 2) comparative GC/MS data from direct
loop injection, and 3) repeat thermal desorption and subsequent GC/MS analysis of a single
sample to estimate the amount of residual hydrocarbons not desorbed during the first analysis.
For quantitation of samples with hydrocarbon concentrations of several ppm or less, the error

in quantitation is estimated to be less than + 20% relative.
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Precision for GC/MS was checked at the start of each day by performing two
consecutive analyses of 100 ml of a primary standard of 2 ppm each of Freon 113, methyl
chloroform, benzene, toluene, and xylenes. Percent coefficients of variation (%CV) for peak
areas, where %CV = 100*(difference between the 2 injections)/(mean of the 2 injections),
were generally better than 10%. Gas Chromatography/MS responses were shown to be linear
to within 10% over a range from 1 - 2 ppm each of hexane, octane, and decane. Detectibility

limits for GC/MS are estimated to be less than 0.05 ppm for hexane, octane, and decane.

FTIR analysis

FTIR analysis (model 1600 FT-IR, Perkin Elmer Corp., Norwalk, CT) with a 20-meter
gas cell was used to measure ammonia, ethyl amine, diethyl amine, octane (as a measure of
total hydrocarbons) and water, which was included to account for its interference in samples.
The FTIR was calibrated each day using QUANT software supplied with the instrument,
which applies curve-fitting to data from a defined spectra window rather than from one
discrete frequency. Calibration used the following gravimetric standards obtained
commercially from several sources and individually prepared in hydrocarbon-free air: 5 to 30
ppm ammonia, 5 and 10 ppm ethyl amine, 5 to 10 ppm diethyl amine, and 10 ppm octane, all
certified to 2% relative, and 100% humidified air (hydrocarbon-free) for water. The actual
ammonia standards used for calibration depended on the expected ammonia concentrations of
the samples. When indicating dye was present in the soda lime, the higher ammonia standards
(e.g., 10 ppm and 20 or 30 ppm) were used to quantitate the relatively high ammonia found.

When indicating dye was absent, the lower ammonia standards (e.g., 5 and 10 ppm) were

11




used as little ammonia was usually found. In this case, only a single value for total
hydrocarbons was derived from the infrared spectrum that was used to gauge washout time
rather than to characterize the hydrocarbon profile that was done by GC. Amines were not
measured during the early phase of this study, due to problems in method development.

All scans were ratioed to a background spectrum that was obtained at the start of each
day after the gas cell had been evacuated to < 1 millitorr. Spectra were recorded with 2 cm'™
resolution from 4000 to 700 cm™. Calibration windows for all components were set from
1200 to 800 cm’, except for octane, which was from 3050 to 2750 cm’. Each quantitation
cycle was completed in less than 3 min and produced 1 measurement for each of the 5
components.

Performance testing and experience acquired through use of the FTIR with the 20-
meter gas cell demonstrated the unreliability of measurements under no-flow conditions.
Declines in analyte levels when flow was stopped was a particular problem with reactive
species such as ammonia and the amines that presumably adsorbed to the interior surfaces of
the gas cell. For these reasons, all calibration and analyses of the FTIR were done with gas
flowing through the cell except for special testing where noted.

FTIR measurements for all analytes, except water, were shown to be linear to within
0.5 ppm absolute or better over the concentration ranges of the standards by using a precision
gas divider (STEC model SGD-710, Horiba Instruments, Inc., Ann Arbor, MI). The STEC
device allowed blending of the calibration gas with a diluent gas in 10 equal steps from 0%
to 100% of the original concentration and has been previously shown to be linear to within

the manufacturer's specification of + 0.5% of full scale, using 10 to 100 ppm gas standards of

12




several hydrocarbon species (10). Here, dry air, 100% humidified air, and the 30-ppm
ammonia standard were all used as diluent gases with the gas flowing from the divider
directly into the gas cell. The wet air and ammonia dilutions demonstrated that high water
and ammonia, present during soda lime analysis, did not interfere with quantitation of the
other analytes.

Recovery of octane, ammonia, and the two amines following passage through the
apparatus was determined by flowing the calibration standards (dry) at 5 Umin directly into
the inlet side of the empty test chamber and measuring their concentrations in the 20-meter
gas cell after 10 min. Measured concentrations in the cell were within 2% relative of the
concentrations of the standards. Baseline composition of the test apparatus was also
determined by flowing hydrocarbon-free air through the water bubbler and empty test
chamber; during this octane, ammonia, and the two amines were monitored for at least 15
min. None of the 4 analytes were detected (< 0.1 ppm) with FTIR and no volatile organics
were detected (< 0.05 ppm) with GC/MS.

Preliminary testing demonstrated that FTIR measurements reached 99% of full
response after 3 quantitation cycles or less than 9 min following switching the gas cell
initially filled with ammonia-free gas to a 5 to 30 ppm ammonia standard delivered at 5
¥min. Similar response times were observed for washout to reach levels < 0.1 ppm when the
reverse switch from ammonia standard to ammonia-free gas was done. The FTIR output was
also monitored as a trace chloroform mixture (< 1 ppm octane equivalent) that was introduced
into the empty soda lime vessel of the test apparatus was flushed out thfough the gas cell

with 5 ¥min of hydrocarbon-free gas. Again, after less than 9 min, octane equivalent levels




fell below 0.1 ppm (FTIR). Complete removal of chloroform by this time was confirmed by
analyzing gas samples with GC/MS.

The reliability of FTIR procedures for analysis of gas mixtures such as those from
soda lime was also investigated by preparing "synthetic" gas mixtures inside the gas cell
using the primary gas standards. Approximately equal partial pressures of 10 ppm octane, 10
ppm ammonia, 5 ppm of both ethyl and diethyl amines, and dry or 100% humidified air were
added to the previously evacuated gas cell using a high-precision pressure gauge (models
#122AA-00010AB and #122AA-01000AB, MKS Instruments, Inc., Andover, MA) to a final
pressure of approximately 1.3 atm. All gas additions were completed within 5 min, and FTIR
analysis was performed during the following 40 min under no-flow conditions. Measured
values were compared to calculated values based on the partial pressure of each component
added to the mixture. Measured values immediately after mixing were found to equal on
average 99%/100% (using dry air/using wet air) of the calculated octane level, 91%/87% of
ammonia, 111%/100% of diethyl amine, and 135%/113% of ethyl amine. These are based on
3 tests each with dry and wet air. Concentrations, especially those of ammonia, then dropped
with time as analytes presumably interacted with the interior of the gas cell. By 40 min,
measured octane (dry air/wet air) was 97%/99% of calculated value, ammonia 72%/71%,
diethyl amine 93/91%, and ethyl amine 121%/92%.

Based on the preceding tests and experience using these procedures, FTIR lower
reporting limits are conservatively defined as 0.5 ppm for octane, ammonia, and diethyl
amine, and 1 ppm for ethyl amine. Analytical accuracy is conservatively estimated as + 0.5

ppm absolute for octane, ammonia, and diethyl amine, and +1 ppm for ethyl amine for the




concentration ranges measured.

Dye testing
Soda lime samples were analyzed for ethyl violet dye, using methods we previously
described (9), to help clarify the potential role that the dye played in the contamination

problem. All dye measurements were performed in March-May 1994 following completion of

testing for gaseous contaminants.

RESULTS
Test apparatus conditions
During washout experiments with the test apparatus in which 5 ¥min of 5% CO, in
air flowed through a 2500-gram bed of soda lime, the following conditions were recorded.
1) Laboratory temperature: 19-27 °C
2) Soda lime bed temperature:
Starting: laboratory temperature + 0.5 °C
Post 60-min flow: 31-36 °C
3) CO, in output flow from soda lime bed:
< 0.01% for the duration of the test
4) Dew point
Input gas to soda lime bed: 0.5 °C below laboratory temperature

Output gas from soda lime bed: 19-21 °C
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Volatile Organic Compounds
Sodasorb®

At least 3 different hydrocarbon profiles were found in headspace samples from
Sodasorb® (Table 1 and Figure 2). These profiles are defined based on the predominant
species present:

1) Approximately 1 - 2 ppm of a range of hydrocarbons including hexane, octane, and
decane, and < 1 ppm of a highly volatile species identified as a butene isomer by its mass
spectra. The majority of Sodasorb® samples had this profile.

2) Approximately 30 - 60 ppm of a complex mixture of aliphatic hydrocarbons with
7 - 10 carbon atoms/molecule. This profile characterizes one lot of indicating Sodasorb® made
in 1991.

3) Approximately 5-10 ppm of a complex mixture of aliphatic hydrocarbons with 9 -
13 carbon atoms/molecule and again < 1 ppm of the butene isomer. This profile characterized
a) another lot of indicating Sodasorb® made in 1992, b) all the non-indicating Sodasorb®
made in 1992 and 1993 that was tested, and c) "virgin" buckets made in 1 month in 1992, but
never exposed to soda lime (NMRI's codes: GPE1 and GPE2). Buckets made the same month
as these latter ones had been used for packaging some of the non-indicating Sodasorb®.

Headspace measurements repeated up to 6 months following the first samples
generally agreed to within the level of analytical precision although the large difference in
replicates for bucket N6 suggests an error in sampling. Hydrocarbon levels measured in gas
flowing out of a bed of Sodasorb® were generally lower than those measured from the

headspace of the same bucket (Table 2). Hydrocarbons more volatile than decane appear
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easily removed by gas flow as they were absent or much reduced in washout samples.

The similarity in the hydrocarbon profiles of "virgin" buckets and Sodasorb® packaged
in buckets made the same and different months suggests the bucket was the contaminant
source. Unfortunately, older "virgin" buckets were not available to allow comparison with
earlier lots of Fleet soda lime. However, our testing revealed another case where hydrocarbon
profiles of the same lot of soda lime varied when packaged in buckets manufactured in
different months (compare buckets BB4 and BB4D with buckets BB4C and BB4F in Table
2). The role of the bucket lids was not evident from the data, but would be confounded by the
buckets.

In addition to the main contaminants distinguishing the profiles, most samples also
contained low levels (< 0.1 ppm) of a number of other organic contaminants that were similar
among all buckets. These included several alcohols and tetrahydrofuran. The majority of
hydrocarbons may originate either from residual monomers from the bucket polymer or as
processing aids used during the blow molding manufacturing process. These would include
hexane, octane, decane, and the complex hydrocarbons mixtures. The alcohols (methanol,
ethanol, and isopropyl) may be residual materials present in the Sodasorb® itself.
Tetrahydrofuran and some of the other compounds may have been components of the ink
used to mark the outside of the buckets.

Sodasorb® altemative packaging

Early test data by NMRI implicating the bucket as a problem prompted the

manufacturer of Sodasorb® to propose an alternative packaging method using the canister bags

described earlier. This was to be an interim packaging method (thus, all such buckets are
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coded "IP#") until a long-term solution could be found. The 3-layer bags were to provide a
barrier preventing or reducing hydrocarbon pickup by the soda lime from the bucket. Testing
revealed that Sodasorb®, packaged this way and initially found to be hydrocarbon-free, slowly
picked up hydrocarbon contaminants (profile 3) when the bags were placed into buckets. This
resulted in absorbent gas concentrations of over 50% of bucket headspace concentrations after
less than 3 months. This method was obviously not very effective in insuring hydrocarbon-
free material over normal storage periods (e.g., several years).

Sofnolime®

At least 3 different hydrocarbon profiles were also found in headspace samples from
Sofnolime® (Table 3):

1) Approximately 1 - 2 ppm of a range of hydrocarbons including hexane, octane, and
decane, and < 2 ppm butene isomer. All Sofnolime® from round buckets had this profile,
which appeared identical to Profile 1 of Sodasorb®.

2) Approximately 1 - 3 ppm of a mixture of aliphatic hydrocarbons with up to 10
carbon atoms/molecule. No hexane, octane, or decane were detected. Mass spectra search
results suggested that many of the contaminants were unsaturated or cyclic in nature.
Sofnolime® from all but one of the square containers had this profile.

3) Approximately 5 ppm of a complex mixture of aliphatic hydrocarbons with 7 - 9
carbons/molecule and < 0.5 ppm methyl chloroform. This profile characterizes one lot of
Sofnolime® made in 1992 and packaged in square containers.

As with Sodasorb®, most samples also contained low levels (< 0.1 ppm) of a number

of other organic contaminants, and hydrocarbon levels measured during washout were usually




lower than headspace concentrations.

Washout curves
Sodasorb®

Peak ammonia levels during washout from a test bed of indicating Sodasorb® ranged
from 5 - 29 ppm, with an overall average of 17 ppm for samples taken from 23 buckets
representing 16 different lots (Table 4). It generally took over 1 h of gas flow for ammonia
to wash out to below 1 ppm. In a few instances, ammonia levels remained above 25 ppm for
over 15 min. All detectible hydrocarbons (i.e., octane) were usually removed after 20 to 50
min of gas flow. Peak diethyl amine levels varied up to 4 ppm, with the washout curve
generally tracking that of ammonia. Maximum ethyl amine levels ranged up to 2 ppm,
although these values should be viewed in the context of an estimated analytical error of + 1
ppm, which is twice that of ammonia and diethyl amine.

Washout curves consistently show longer washout times for the polar ammonia and
amines than for the hydrocarbons, which may be due the increased adsorbance of soda lime
for these compounds. Retesting up to 3 days after washout produced no evidence of
contaminant regeneration. Two samples from the same bucket run back-to-back on the same
day produced peak ammonia values that were always within 5% of each other (Table 5) and
washout curves that generally agreed within the level of analytical precision. Samples from
the same bucket over a period of less than a year generally agreed to within several ppm
ammonia and 1 ppm octane (Table 4). The few large declines in subsequent ammonia

measurements can be attributed to loss of volatiles from buckets that were not effectively




sealed, as substantial drops in octane measurements also were noted. However, considerable
variation in contaminant levels was often observed among buckets containing soda lime from
the same lot. FTIR estimates of total hydrocarbons in octane equivalents agree well with the
GC data despite the analytical error and differences in technique (compare GC data in Table 2
with FTIR octane data in Tables 4 and 6).

No more than 1 ppm ammonia was detected in the gas during testing of non-
indicator absorbent from 12 buckets representing 8 lots (Table 6). Peak diethyl and ethyl
amine levels during washout from non-indicating Sodasorb® were both less than the respective
reporting limits (0.5 and 1.0 ppm).

Sofnolime®

Peak ammonia levels during washout from indicating Sofnolime® ranged up to 3 ppm
with an overall average of 1 ppm for samples taken from 25 buckets (Table 7). These
ammonia levels were much lower than those found in indicating Sodasorb®. Washout curves
for samples with several ppm ammonia were similar to those for Sodasorb®, although such
washouts are poorly defined when ammonia levels are this low. Peak diethyl and ethyl amine
levels in indicating Sofnolime® varied up to 3 and 1 ppm, respectively; these concentrations
are similar to those from indicating Sodasorb®. No ammonia or amines above the reporting

limits were measured in samples from the 2 buckets of non-indicator material.

Ethyl violet dye
Ethyl violet measurements for indicating soda lime ranged from 0.011 to 0.030% with

no significant difference (p < 0.01) between Sodasorb® and Sofnolime®(Tables 8-9).
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Unfortunately, dye analysis was done at the end of this investigation and only a few of the
buckets containing indicating Sodasorb® were still left for testing. All buckets of soda lime

supplied as non-indicator material were found to be free of dye as defined in reference (9).

DISCUSSION

Significant amounts of ammonia, ethyl and diethyl amines, and various aliphatic
hydrocarbons were measured in gas samples from Fleet soda lime. The source(s) of the
ammonia and amines are unknown, although one hypothesis is that they result from the
breakdown of the indicator dye during manufacture, processing, or storage. This hypothesis is
supported by the relatively low levels of ammonia and amines associated with all non-
indicator soda lime as well by tests by one manufacturer of soda lime showing a strong
correlation between dye decomposition and ammonia generation (1). Modeling results of these
data suggest that peak diethyl amine concentrations and the amount of indicating dye in soda
lime can be significant predictors of peak ammonia concentrations (8). However, it is
interesting that amine and ethyl violet levels were similar in Sodasorb® and Sofnolime®,
although ammonia levels were greatly different. Thus, contaminant relationships appear
different for the 2 brands of soda lime. Such findings do not establish cause and effect, and it
must be emphasized that a causative link between the indicator dye and such contamination
has not yet been demonstrated.

All of the test samples of soda lime gave off varying amounts of aliphatic
hydrocarbons which, in the case of recently manufactured Sodasorb®, appear to arise from the

high-density polyethylene buckets. A direct link between buckets and hydrocarbon




contamination of past lots could not be made due to unavailability of older buckets never
exposed to soda lime. However, the difference between Sofnolime® packaged in round vs.
square buckets implicates the container as the source of the hydrocarbon contamination. Such
contaminants are believed to come from the material used for construction of the bucket as
was underscored by the experience with the canister bag packaging for Sodasorb®.

Samples of soda lime and buckets manufactured earlier than mid-1991 were
unavailable, making the history of the contamination problem unclear. It is unknown whether
the ammonia and/or amine problem with soda lime was the result of a change in the
manufacturing process or past contamination had simply gone undetected. The variation in
ammonia levels within and among soda lime lots may reflect, at least in part, differences in
breakdown of indicator dye. Hydrocarbon contamination of soda lime was unexpectedly
discovered during initial testing in response to the ammonia-like odor. Unfortunately, we have
no information on what has occurred in the plant(s) that manufacture the high density

polyethylene buckets that are used for soda lime.
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Table 5. Intra-day precision for FTIR
ammonia measurements of Sodasorb® with
indicator dye.

NMRI Test Maximum | Maximum | Runl/Run2
Bucket Date Ammonia | Ammonia
Code (month/ Run 1 Run

year) (ppm) (ppm)

B 12/93 17.1 16.8 1.02
BB1 11/93 25.3 26.0 0.97
BB2 11/93 18.0 17.6 1.02
BB4C 12/93 22.1 21.4 1.03
BB6 12/93 5.4 5.6 0.95
BB8 11/93 16.4 17.1 0.96
BB9 05/93 26.1 26.4 0.99
BB10 12/93 20.4 20.0 1.02
GOl 05/93 10.7 10.7 1.00

" 12/93 10.6 10.9 0.98
G02 12/93 19.8 20.9 0.95
GO03 01/94 25.1 24.6 1.02
G04 12/93 15.7 15.9 0.99
GO06 01/94 18.4 18.9 0.97
GO7 01/94 14.8 14.8 1.00
G08 11/93 17.0 16.9 1.01
G09S 01/94 20.0 20.8 0.96
G10 12/93 7.4 7.4 1.01
Mean 0.99
Range 0.95-1.03

N 18

1. Runs 1 and 2 performed back-to-back on

same day and completed in 3-6 h.
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Table 8. Ethyl violet dye
concentrations of Sodasorb® with
indicating dye.

NMRI Test Date Ethyl violet

Bucket (month/year) (%)
Code
BB1 05/94 0.018
BB3 . 05/94 0.015
BB4D 05/94 0.011
BB5 05/94 0.016
Cl 05/94 0.030
GO1 05/94 0.018
G02 05794 0.021
G09S 05/94 0.027
G10 05794 0.018
Mean (SD) 0.019 (0.006)
Range 0.011-0.030
N 9
#Lots 9
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Table 9. Ethyl violet dye
concentrations of Sofnolime® with
indicating dye.

NMRI Test Date Ethyl violet
Bucket (month/year) (%)

Code

SL3 03/94 0.018
SL10 04/94 0.017
SL11 04/94 0.020
SL12 04/94 0.022
SL13 04/94 0.019
SL14 04/94 0.022
SL16 03/94 0.018
SL17 04/94 0.016
SL20 04/94 0.023
SL.22 04/94 0.022
SL23 04/94 0.019
SL26 04/94 0.022
SL27 04/94 0.021
SL28 04/94 0.023
SL30 04/94 0.024
SL32 04/94 0.023
SL33 04/94 0.022
SL34 04/94 0.026
SL35 03/94 0.022
SL36 04/94 0.022
SL37 04/94 0.023
SL38 04/94 0.023
SL39 04/94 0.022




NMRI
Bucket
Code

Test Date
(month/year)

Ethyl violet
(%)

Mean (SD) 0.021 (0.002)
Range 3/94-4/94 0.016-0.026
N 23
#Lots 23
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Appendix A.

Sodasorb® buckets tested.

NMRT Manufacturer Lot Bucket Lid
Bucket Lot Number Date Date Date
Code (month/ | (month/ | (month/
year) year) year)

A AAQ04-4004-12 04/91 01/91 03/91
B AA08-4004-29 08/91 07/91 08/91
WIl " 08/91 07/91 07/91
WI2 " 08/91 07/91 07/91
BB1 AB02-4004-28A| 02/92 01/92 01/92
BB2 " 02/92 12/91 01/92
BB3 AB02-4004-06 02/92 12/91 11/91
BB4 " 02/92 10/91 11/91
BB4C " 02/92 12/91 11/91
BB4D " 02/92 10/91 11/91
BB4F " 02/92 12/91 11/91
BB5 AB05-4004-18 05/92 12/91 03/92
BB6 " 05/92 03/92 03/92
BB7 AB05-4004-28 05/92 12/91 03/92
BB8 " 05/92 12/91 03/92
BB9S AB02-4004-28 02/92 12/91 01/92
BB10 " 02/92 12/91 01/92

C1l AB04-4004-28A| 04/92 12/91

GO1 AB07-4004-6A 07/92 03/92 03/92
G02 AB07-4004-9 07/92 07/92 03/92
GO03 AB06-4004-5 06/92 12/91 03/92
G04 AB07-4004-7 07/92 03/92 03/92
GO5 " 07/92 03/92 03/92
G06 AB06-4004-2 06/92 12/91 04/92
G07 AB06-4004-9 06/92 03/92 04/92
G08 AB07-4004-6 07/92 07/92 03/92




NMRI Manufacturer Lot Bucket Lid
Bucket Lot Number Date Date Date
Code (month/ | (month/ | (month/
| year) year) year)
G09 AB07-4004-8A 07/92 07/92 07/92
G10 AB07-4004-8 07/92 03/92 03/92
N5* AB11-B600-19 11/92 11/92 11/92
N6* " 11/92 11/92 11/92
N7 * " 11/92 09/92 12/92
N8* " 11/92 09/92 12/92
N13* " 11/92 09/92 12/92
IP2*,cb | AC06-4036-30 06/93 06/93
IP3*,cb AC07-4036-1 07/93 06/93
IP4*,cb | AC06-4036-30 06/93 06/93 06/93
IP5*,cb AC07-4036-2 07/93 06/93 06/93
IP6*,cb | AC07-4036-28 07/93 07/93 07/93
IP8*,cb | AC07-4036-12 07/93 07/93 06/93
IP10*,cb | AC07-4036-9 07/93 07/93
IP12*,cb | AC07-4036-15 07/93 07/93 07/93
IP14*,cb | AC07-4036-2 07/93 06/93 06/93
GPE1** 09/92 11/92
GPE2** 09/92 11/92
Range 04/91- 01/91- 03/91-
07/93 07/93 07/93
#Lots 25
#Buckets 44
1. *: non-indicating soda lime.
2. **: empty bucket.
3. cb: packaged in canister bags which were then
put inside the bucket.




Appendix B. Sofnolime® buckets
tested.

NMRI Manufacturer Lot Bucket
Bucket Lot Number Date Date
Code/ (month/ | (month/
Bucket year) year)

Type

SL1/S 165092 09/92 06/92

SL2/R 005102G 10/92

SL3/R " 10/92 10/92
SL4/S 260091 09/91

SL5/S 165092 09/92

SL6/S 479111 11/91

SL7/S 956072 07/92

SL8/S 166092 09/92

SL9/S " 09/92

SL10/R 004102G 10/92 10/92
SL11/R 006102G 10/92 10/92
SL12/R 007102G 10/92 10/92
SL13/R 018112G 11/92 10/92
SL14/R 198063G 06/93 05/93
SL15/R 016112G 11/92 10/92
SL16/R " 11/92 10/92
SL17/R 134043G 04/93 12/93
SL18/R " 04/93 12/93
SL19/S 166092 09/92 06/92
SL20/S " 09/92 06/92
SL21/s 165092 09/92 06/92
SL22/S " 09/92 06/92
SL23/S** 607033 03/93 12/92
SL24/S** " 03/93 12/92
SL25/5** 348112 11/92 03/92




NMRI Manufacturer Lot Bucket
Bucket Lot Number Date Date
Code/ (month/ | (month/
Bucket year) year)
Type
SL26/S** 348112 11/92 03/92
SL27/S 120082 08/92 03/92
SL28/8S 119082 08/92 03/92
SL29*/S 522013 01/93 06/92
SL30/S 118082 08/92 06/92
SL31*/8** 323123 12/93 12/92
SL32/R 166053G 05/93 11/92
SL33/R 170053G 05/93 04/93
SL34/R 163053G 05793 11/92
SL35/R 162053G 05/93 11/92
SL36/R 172053G 05/93 04/93
SL37/R 169053G 05/93 04/93
SL38/R 038122G 12/92 11/92
L SL39/R 145043G 04/93 01/93
Range 09/91- 03/92-
12/93 12/93
#Lots 28
#Buckets 39
1. Bucket type: S = square, R = round.
2. *: non-indicating soda lime.
3. **: 8-12 mesh granules; all other
buckets 4-8 mesh.




FIGURE LEGENDS

Figure 1. Diagram of test apparatus for measuring contaminant washout as humidified
gas flowed through a bed of soda lime. The standard open-circuit test flushed
contaminants from the system. The special closed-circuit test recirculated the gas
flowing out of the soda lime back into the bed using a stainless steel bellows pump;

this application is pot discussed in this report.

Figure 2. Volatile hydrocarbon contaminants found in the headspace of Sodasorb®
buckets. Representative ion chromatograms (GC/MS data; 35 to 200 amu) of the 3

different hydrocarbon profiles found in buckets containing Sodasorb® and profile 3

found in a "virgin" bucket that never was exposed to soda lime.
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BETA AMYLOID PEPTIDE ém'ﬂ,n'spnessss EVOKED
ACETYLCHOLINE RELEASE - IN * CULTURED  CILIARY

GANGLION NEURONS. S, Miller and D. B. Gray". Depantmentof .-

Biology, Simmons College, 300 The Fenway, Boston, MA 02115, -

.. The avian ciliary ganglion is made up of-cholinergic neurons and

contains a subset of cells expressing somatostatin. - This is also true of

. presynaplic neurons in'the human CNS which lose cholinergic content.. -
.. and die as ‘a result of Alzheimer's Disease (AD). Citiary ganglion= -

neurons also innervate the ifs which has been recently used in an early
diagnostic test for AD. Recent evidence has implicated the presence of
mature neuritic plaques containing Insoluble beta amylold peptides as a
precursor to neuronal degeneration associated with AD. In this study,
the beta amyloid peptide tragment 1-42 was ‘aged’ for 7 days and then
incubated for 20 hours at & concentration of 25 um with cuttured stage 40
embryonic chick ciliary ganglion neurons. At this concentration aged 1-
42 peptide solution clearly contained insoluble crystals which decorated
the neurons. Peplides were added 30 min after neuronal plating to
prevent effects on cell-substrate adhesion. Control wells either had no
ggptide or were incubated with amyloid fragment 1-28 which has not
en reported to have any toxic effects. Acetylcholine (ACh) release
was measured with labeled choline and evoked by 60 mM potassium-
Tyrodes. The presence of beta peptide 1-42 blocked 70 -90 % of K-
evoked release relative to either control. Interestingly, only 10 % of this
dramatic effect could be accounted for by decreases in uptake of the
recursor, tritium-labeled choline chloride. This in vitro preparation can
used to investigate cellular mechanisms underying degradation of
cholinergic function as well as neurotoxity.  Supported by The
Simmons Fund for Research.

194.13

IN VIVO EFFECTS OF AMYLOID PEPTIDES LOCAL INJECTION ON RAT
FOREBRAIN CHOLINERGIC NEURONS: MORPHOLOGICAL, NEURO-
CHEMICAL AND BEHAVIORAL STUDIES._ L. Giovannelli, F. Casamenti, C
Scali, L. Bartolini and G. Pepeu*Dept. Pharmacol., Univ. Florence, ITALY 50134,
The extracellular deposition of B-amyloid (AP) in senile plaques is one of the
neuropathological hallmarks of Alzheimer's disease (AD) and might be crucial to
initiate the ialed ! deg jon. As the cholinergic system is severely
compromised in AD, we have investigated the effects of AP gn cholinergic forebrain
neurons by injecting 10 pg of AP fragments 1-40, 25-35 or scrambled 25-35 into the
right nucleus basalis (NB) of 3 month-old Wistar rats. At different times, cortical
ACh output was studied by microdialysis, cognitive function was assayed by passive
idance and object guition (OR) tests, and. the brains were prepared for
histology. Congo Red staining showed a birefringeat deposit of aggregated peptide at
the injection sites of B 1-40 and 25-35, but not of the scrambled, peptides. However,
whilc the B 25-35 deposit lasted for about 2 wks, the B 140 one was detectable up to
at least 4 mo. A decrease in the number of choli ryltrans {ChAT)-i
reactive neurons in the NB was also found 1 wk after injection of all peptides

including the scrambled. However, afier 2 mo such a decrease was only detectable in

the $ 1-40-injected rats (-30%), while a complete recovery of ChAT IR was observed
following the other treatments. The reduction in ChAT IR was paralleled by a
decrease in ACh output from the parictal cortex ipsitateral to the injection. While no
major peptide effect was observed on passive avoidance up 10 2 mo post-surgery,
disruption of OR was brought about by P 25-35 in the first wks and by B 1-40
starting 2 mo post-surgery. The effects of B 1-40 on ChAT IR, ACh release, neurite
morphology and cognitive function are currently being evaluated at longer times (4 to
6 mo). The results so far obtained indicate that the deposition of AB may contribute
1o the cholinergic deficit associated with AD. Furthermore, rats injected with the B -
40 peptide may be a useful model 10 study the long term effects of AP deposition in
the brain. Supported by a CNR grant- Target Project on Aging.

194.15

EFFECT OF OF B-AMYLOID PEPTIDE INJECTIONS ON MUSCARINIC
RECEPTORS IN RAT HIPPOCAMPUS. Neclam Narang* Neuropsychistric Research
Institute, 700-1st Ave. South, Fargo, ND, 58103; Departments of Newroscience,
Phammacology & Toxicology, University of North Dakota, School of Medicine, Grand
Forks, ND 58202.

Deposits of bets amyloid peptide (BAP), and degencrated neurons are some of the
characteristics of peticnts with Alzheimer's disease (AD). This peptide has been shown
to be neurotoxic when injected into rat hippocampus or incubated in cell cultures.
However, the mechanism by which this neurodegeneration occurs is not known . In
addition, many receptors, particulary muscarinic receptors are known (o be aliered in
AD patients and 2ginz. In order tc examine whether the newrotoxicity induced by
amyloid peptide affects the muscarinic receplors, we injected beta amyloid 140
fra, in rat hipy pii and ined changes in various subtypes of muscarinic
Teceptors using sutoradiography and in situ hybridization techniques. One group of Long
Evans rats were unilaterally injected with 3 nmols (2 plj of BAP fragments in the
hippocampus, whereas the second group was injected with the vehicle in the same
coordinates.

A significant decrease (11-23%) in ’H] QNB  binding in all hippocampel layers
were detected in the lesioned rats, when compared o controls. Both M, receptor
binding (labeled with [°H] pirenzepine) and my mRNA were reduced (8-16%) in CAl,
CA2, CA3, and dentate gvrus of the hippocampii of the lesioned brains. Similarly, a
significant decrease in [*H] AFDX-384 binding, but no change in m; mRNA was
observed in the lesioned rats. my mRNA was also reduced in dentate gyrus and CAl
region of the hippocampus. However. no difference wes found in mq mRNA in any of
the hippocarupal lavers. The dats suggest that § amyloid peptide are neurotoxic and may
modulate muscarinic receptors and the mRNA encoding some of the receptor subtypes

©194.12 _ )
THE AMYLOID-§ PROTEIN REDUCES THE INTRACELLULAR " ::

LEVELS OF ACETYLCHOLINE IN A MURINE SEPTAL CELL

. LINE; SN56. W.A, Pedersen and LK. Blusztajn.* Department of
* Pathology, Boston Univ. Schoo! of Mcdicine, Boston, MA 02118.

- A, a 39-43 amino acid fragment of the p-amyloid precursor protein,
has been implicated in the pathogenesis of Alzhcimer's disease (AD),
but & relationship between reduced expression of cholinergic markers
in AD and AB deposition has not been established. Treatment of SN56
cells with AP 1-28, 25-35, 1-40 and 1-42 reduced the intracellular
levels of acctylcholine (ACh) as determined by HPLC. Ap 1-28 ata
saturating concentration of 50 pM resulted in a 33% decrease in the
Jevels of ACh after 48 hours, whereas Ap 1-42 caused a reduction of
approximately 40% over the same period when administered at a
saturating concentration of 100 nM. In an experiment where several
peptides were tested at a concentration of 10 nM for 48 hours, AB 1-40
was found to be only 50% as effective as AB 1-42 at reducing the
intracellular levels of ACh in SN56 cells, Ap 1-28 was as effective as
AP 25-35, and AB 1-16 was inactive. We also observed that treatment
of the cells with AB 1-28 (50 pM) or A 1-42 (5 nM) for several weeks
caused no further reduction in ACh levels. No cytotoxicity of the
peptides was observed at the concentrations tested (up to 1 uM). Our
results suggest that Ap suppresses the cholinergic phenotype of septal
neurons at sub-toxic concentrations, an event which may precede the
degeneration of these neurons in AD and may contribute to the loss of
memory and learning functions characteristic of this disease.
(Supported by AG09525)

194.14

TIME COURSE ANALYSIS OF ACETYLCEOLINE NEUROTRANSMISSION
AFTER INJECTION OF N-METHYL-D-ASPARTATE INTO THE NUCLEUS
BASALIS MAGNOCELLULARUS. P.A. Shea’, T.M. Xerr, §.T.
Ahlers, W. Wallace’, and V. Haroutunian’® Naval Med. Res.
Inst., Bathesda, MD;°Nat. Inst. Aging, Baltimore MD, and
’pronx VA, Bronx, NY.

Administration of N-Methyl-D-Aspartate (NMDA) into the
Nucleus Basalis Magnocellularug (NBM) produces a reduction
in ACh and subsequent increase in S$-amyloid precursor
protein (8-APP). We have previocusly demonstrated that brief
hypofunction of the NBM after infusion of the local
anesthetic lidocaine is sufficient to increase cortical 8-
APP. In order to further characterize the relationship of
ACh to £~-APP, we measured ACh before, during, and after
infusion of NMDA in anesthetized rats in which 3mm
microdialysis probes had been inserted on the contralateral
and/or ipsilateral side. 2 pl of SOmM NMDA wag infused
into the NBM at & rate of 0.5 pnl/min. Rats were maintained
at a surgical plane of anesthesia with an initial dose of
400 mg/kg chloral hydrate (CH) and supplemental doses as
needed for a period of 6-8 hours. For dialysis sampling
beyond 8 hours, rats were lesioned, allowed to recover, re-
anesthetized, and then sampled over several hours. The flow
rate was 1.5 pl/min and samples were collected every 20
minutes. Cerebral spipal fluid (CSF) was collected from the
cisterna magna after rats were given a euthanizing dose of
CH. Infusion of NMDA into the NBM resulted in a rapid 200%
increase of ACh on the ipsilateral side. This increase was
sugtained for six hours and then decreased to below
baseline levels thereafter. The increases and subsequent
decreases in cortical ACh corresponded to specific
alterations in S-APP measured in CSF. These data
demonstrate the functional relationship between ACh and 8-
APP.

194.16

REDUCTION OF TYROSINE HYDROXYLASE AND GLUTAMATE IN
THE LOCUS COERULEUS AS WELL AS CHOLINE
ACETYLTRANSFERASE IN THE MEDIAL SEPTUM FOLLOWING
THE INTRAHIPPOCAMPAL INJECTION OF $-AMYLOID PEPTIDE
(25-35). Charles D. Bamnes* and Shiouh-Yi Chen. Department of
Veterinary and Comparative Apatomy, Pharmacology and Physiology,
Phbarmacology/Toxicology Program, Washington State University,
Pullman, WA 99164-6520.

Alzheimer's disease is associated with the presence of f-amyloid plague
and cell loss in the cortex and certain subcortical structures. To
investigate if the subcortical changes are due to the accumulation of §-
amyloid protein (BAP), the major constituent of neuritic plaques, in the
cortex, multiple injections of BAP fragment B(25-35) (1 or 3 amol, I
plisite, 3 injection sites) were administered into rat left hippocampal arca
CA1-3 and dentate gyrus once a week for one or two weceks.  The
immunoreactivities of tyrosine hyvdroxylase (TH) and glutamate (Glu) in
the locus coeruleus (LC) as well as choline acetyltransferase (ChAT) in the
medial septum (MS) were studied at 1-week or 3-month survival times.

One week following the intrahippocampal injection, in addition to the
hippocampal tissue damage, one injection of P(25-35) at either dose also
substantially reduced the ChAT immunoreactivity in the MS and repetitive
injections of 3 amol of f(25-35) decreased the TH and Glu expressions in
the LC. The loss of ChAT neurons was in a dose-dependent manner.
Moreover, the severity of these cffects was progressive over time. Al 3-
month survival time, the hippocampal lesions progressed 10 @ remarkable
loss of dorsal hippocampus and atrophy of cerebral cortex as well as
enlargement of the ventricles. The enzyme expressions in the MS and 1.C
were further reduced at this ume poinl. These results suggest that
accumulation of BAP in the cortex over time could lead to
necuropathological changes in the subcortical regions.
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% Toxicology in the Military
~ Tri-Service Toxicology .
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A litary toxicology has many
of the same problems and -
concerns found in the

general field of toxicology. However,
military toxicology is also faced with
unique hazards associated with
substances that are used primarily by
the military services or that present an
unusual type of exposure as a result
of a military environment. The term
‘environment’ to a military toxic-
ologist may mean the cockpit of an
aircraft, the inside of a submarine (see
cover photo) or battle tank, a
restoration site on a base or post, a
maintenance facility, a flightline or a
flight deck or the environment of a
battlefield during actual combat.
Public concern and legislation have
caused the military toxicologist to
expand the traditional approaches
for determining chemical hazards in
all of these environments and to seek
novel ways for applying toxicology
to risk assessment. The military will
continue to develop new materials
and weapon systems to meet the
needs of national security. Military
toxicology will continue to define the
toxic hazards associated with the
fuels, chemicals and structural
materials in advanced weapon
systems. Methods are constantly
being developed or refined to screen
chemicals and materials as early as
possible in the development process.
This involves new in vitro techniques,
tiered approaches, computer modelling
and a thorough understanding of the
basic mechanisms of action at all levels
of interaction in the body.

David R. Mattie is in the Toxicology
Division, Armstrong Laboratory, Wright-
Patterson Air Force Base, Dayton, OH
45433-7400, USA, Lana Martin is at Geo-
Centers, Inc., Wright-Patterson Air Force
Base, Dayton, OH 45433-7903, USA and
John M. Frazier is in the Toxic Hazard
Research Unit, ManTech Environmental

Historical perspective

Military toxicology evolved as a result
of the World Wars. The United States
began studying chemical warfare
agents upon entering World War I out
of concern for battlefield exposures.
These studies were directed by the
medical and pharmacology /toxicology
sections of the US Army Chemical
Warfare Service. On the home front, the
war spawned tremendous growth in the
US munitions industry. Casualties and
fatalities from occupational diseases
were attributed to exposure to nitrous
gases in US munitions plants. Nearly
230 fatalities occurred per billion
pounds of explosives manufactured as
a result of occupational health hazards,
underscoring the importance of
industrial hygiene. In response, the US
Army established the US Army
Industrial Hygiene Laboratory at Johns
Hopkins University, Baltimore, MD,
USA. This laboratory played a major
role in significantly reducing the
number of occupational disease-related
fatalities in World War II. In fact, the
number of occupational disease-related
fatalities in World War II was 46 times
lower than in World War 1.

World War II expanded toxic-
ological issues beyond that of the
munitions industry. The growth in the
US chemical and automotive
industries during the war years
created many unique chemicals.
Military personnel were continually
coming into contact with new
chemical compounds that were
intended to operate and protect their
machinery and, in some geographical
locations, protect them from disease-
carrying insects and pathogens. The
continual development of chemical
warfare agents increased the need for
toxicological data to assess the
physiology, pathology and therapy of
chemical warfare injury.

By the 1950s, continued growth in
the chemical industry, the introduction
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of increasingly complex weapon
systems, and the potential of mission
degradation resulting from health
hazards triggered the need for a Navy
toxicology program. Fleet personnel
were continuously exposed to
chemical substances used aboard
Navy submarines and ships including
fuels, fuel additives, propellants,
hydraulic fluids and lubricants. Many
toxicological questions were raised
concerning man/machine interface
problems involved with nuclear
submarine habitability. Thus, the
Navy Toxicology Unit was established
in 1958 at the National Naval Medical
Center in Bethesda, MD. This unit
initiated many military-unique
toxicological study practices that were
later taken over by the toxicology
community at large and are still used
today, such as continuous exposure
studies and the 90-day study practice
which was designed to correspond to
the standard duration of submarine
missions. In 1977 the Naval Medical
Research Institute created the
Toxicology Detachment at Wright-
Patterson Air Force Base (AFB) to unite
Navy personnel and resources with
those of the Air Force. This relation-
ship proved successful and estab-
lished the foundation for Tri-Service
Toxicology.

The Air Force toxicology program
began in 1956. Research toxicologist
Anthony A. Thomas, MD, studied the
occupational toxicology of missile
propellants and oxidizers. He and his
staff of four were assigned space in the
basement of the Wright-Patterson AFB
Area B hospital dispensary. In 1959,
the Aerospace Medical Laboratory
became the focal point of the Air Force
initiative ‘Man in Space’. This initi-
ative required limits for continuous
human exposure in space travel. Dr
Thomas moved the programme into
Area B’s Building 79, its current
location, and designed an inhalation
toxicology program to build a
continuous exposure data base.

The increased awareness of
adverse health effects from exposure
to chemicals, coupled with increas-
ingly complex military exposure
situations, emphasised the need for a
broader toxicological data base for the
military operational environment. To
meet this need, Tri-Service Toxicology
arose out of the Army, Navy and Air
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Force toxicology programmes, as part
of Project Reliance, a congressionally
mandated plan for inter-service
collaboration.

Tri-Service Toxicology
The mission of Tri-Service Toxicology
is to provide the Department of
Defense (DoD) and other customers
with timely solutions to current and
anticipated toxicological problems
employing an integrated approach to
human health effects research. This
mission is carried out with a budget
of $12 million and a work force of 130
professionals including military
personnel, civilian employees of the
DoD, and private contractors.
Tri-Service Toxicology has many
customers within the DoD, including
material developers, operational com-
mands, health and hygiene agencies,
surgeons general, etc. Through the use
and development of advanced methods,
innovative toxicology research is
conducted for operational, environ-
mental and occupational arenas.
Performance decrement test batteries,
physiologically-based pharmaco-
kinetic modelling, in vitro screens and
mechanistic studies, in addition to
standard toxicity tests, are used to
evaluate the potential hazards posed
by new chemicals and materials in
mission-relevant exposure situations.
Tri-Service Toxicology is cultivating
better partnerships with material
developers to improve weapon
systems performance, control product
life cycle costs, improve human safety,
and preserve the environment for
future generations. The vision of Tri-
Service Toxicology is to be an integral
asset within the DoD as the centre of
excellence for toxicology research,
solving the challenges of today and
anticipating those of the future.

Laboratory operations

Research projects in which Tri-Service
Toxicology will participate are
identified and priorities assigned by a
Scientific Council. This Council
identifies appropriate projects, selects
a project leader, and assembles the
research team needed to complete the
project using a matrix management
approach. All research activities of Tri-
Service Toxicology are performed by
members of seven Technology Area
Croanne (TAGSY

(1) Aerosols;
(2) Pharmacokinetics;
(3) Pharmacodynamics;
(4) Neurobehavioural Toxicology;
(5) Hazard Assessment;
(6) Analytical Chemistry; and
(7) Pathology.
The unique character of these
groups and some historical highlights
are described below.

Aerosols
The Thomas Domes individually-
airlocked chambers designed to
provide the Air Force and Navy with
hypobaric continuous exposure
capabilities, are of historic interest in
the field of inhalation toxicology. The
original domes were constructed in
1964 to support the ‘Man-in-Space’
programme. For 30 years, these domes
were the foundation of inhalation
exposure studies on the toxicity of a
number of atmospheric contaminants.
They continue to provide Tri-Service
Toxicology with the capability of
generating extended continuous
inhalation exposures of contaminants
whose toxicity is not characterised
sufficiently. This capability permits the
accurate assessment of the hazard
these contaminants represent under
militarily-specific exposure conditions
(eg, closed atmospheres in tanks,
submarines, cockpits, etc.). A number
of hydrocarbon fuels have been tested
in 90-day continuous or l-year
intermittent exposures in the domes.
In addition to the Thomas Domes,
a number of smaller inhalation cham-
bers, in aadition to nose-only exposure
systems, are used in inhalation toxicity
studies. Rodents can be exposed to
particulate matter, gases or aerosols.
Small chambers are used for acute
tests, such as the inhalation limit test,
in addition to longer-term studies
lasting up to 90 days. Recently, a 90-
day intermittent inhalation test was
conducted for chlorotrifluoroethylene
(CTFE) oligomers, a base stock for a
non-flammable hydraulic fluid.

Pharmacokinetics

Toxicologists at Wright-Patterson AFB
have been, and continue to be, among
the leaders in the development and
use of biologically-based kinetic (BBK)
models. Mel Andersen, PhD, was
instrumental in initiating the model-
line offorts for the military, first as an

officer in the Navy and later as a
civilian working for the Air Force. BBK
models mathematically describe the
dynamics of chemicals in the body,
taking into account metabolism,
permeability of membranes and
partitioning of chemicals into tissues.
A BBK model is developed by
evaluating the biological system under
consideration and identifying individ-
ual tissues of interest or groups of
tissues based on similarities in blood
flows and partition coefficients. Model
parameters are determined by labor-
atory studies or obtained from
literature values. Physiological para-
meters representative of one species
can be interchanged with those of
another species to extrapolate across
species. Absorption, distribution,
metabolism, storage and elimination
of a chemical are then mathematically
described for each compartment, as
appropriate, and the kineticbehaviour
of the chemical simulated by
numerical computations on micro- or
mini-computers using ACSL
(Advanced Computer Simulation
Language, Mitchell and Gauthier
Associates Inc., Concord, MA) or
Simusolv (Dow Chemical Company,
Midland, MI). This approach is being
applied with significant success in the
risk assessment process.

In the 1980s, gas uptake chambers
were developed to support BBK
modelling of volatile organic
chemicals. Test chemicals are injected
into the closed uptake chambers
containing small numbers of
experimental animals. Following a
distribution phase, the disappearance
of the chemical from the chamber is
determined by the rate of metabolism
of the chemical in the experimental
animals. Using a series of exposures
at different concentrations of the test
chemical, a toxicologist can estimate
the apparent in viv0 Viax and Ki, of
the chemical. These experimentally
determined metabolic parameters can
then be used in BBK models to
estimate the dose of parent chemical
and metabolites to target tissues.

Neurobehavioural toxicology

The effects of operational exposures to
chemicals on the central and peri-
pheral nervous system are of
significant importance with respect to
mission performance and long-term




health effects. Toxicologists at Wright-
Patterson AFB are capable of develop-
ing comprehensive profiles of
potential neurotoxicants. For example,
studies of trimethylolpropane phos-
phate (TMPP), a potent proconvulsant
produced through the pyrolysis of
certain synthetic lubricants used in
military ships and aircraft, include:
dose-response relationships, gender
susceptibility, electroencephalograph
paroxysmal activity, and chemical
kindling and extinguishing. In this
project, concurrent biochemical
studies determined the anatomical
disposition and clearance of the
compound after single or multiple
exposures using radiolabelled TMPP.
These neurotoxicity profiles provide
the necessary data for establishing
safety procedures under operational
conditions.

Neurobehavioural end-points are
also included as part of 90-day studies
in order to screen chemicals for
potential neurobehavioural toxicity. A
90-day study for the Army, testing a
liquid gun propellant, LP1846,
included evaluations of animal
activity and auditory startle responses.
Combining behavioural and reprod-
uctive end-points with a 90-day
repeated dose study yields approp-
riate data for the Screening Inform-
ation Data Set (SIDS). The objective of
the SIDS, as originally proposed by the
Organisation for Economic Cooper-
ation and Development (OECD), is to
provide a standardised initial screen
of new and previously existing chem-
icals for risks to health and/or the
environment.

Pharmacodynamics
Understanding the molecular mechan-
isms by which chemicals elicit their
effects is important for the adequate
and reliable evaluation of chemical
safety. In addition, the identification
of biomarkers, indicators of exposure
and/or effects, can significantly
improve our ability to monitor adverse
effects both in the laboratory and in
populations at risk. The Pharma-
codynamics TAG is responsible for
these issues at Tri-Service Toxicology.
Support for development of this
technical area has come from the Air
Force Office of Scientific Research.

A number of research activities at
Tri-Service Toxicology invalve in ifro

techniques. The laboratory recently
established precision-cut tissue slices
for metabolic and toxicity studies as
an alternative approach to mechanistic
studies using whole animal exposures.
In these studies an organ, such as the
liver, is removed from a humanely
euthanised animal, or in some cases
obtained from rejected human organ
transplants, and prepared for the
automated tissue slicer. Slices of
identical size and thickness are cutand
placed in an incubation medium
containing a known concentration of
test chemical. After incubation, the
toxicity of the compound is assessed
through viability tests and by
monitoring biochemical functions of the
cells in the slice. Analysis of these data
can be used to generate dose-response
and time course data. Media and/or
tissue can also be sampled and analysed
to determine metabolic products. These
in vitro data provide valuable
information about the mechanism of
action of new and unique chemicals of
concern to the military.

In addition, the in vitro approach can
be applied to both primary cultures of
animal/human cells and transformed
cell lines to examine cytotoxic effects of
chemicals on specific cell types. Primary
cultures of rat hepatocytes have been
used to screen and rank series of related
chemicals, and the data obtained have
been used to make decisions about
materials development. Developmental
research using flow cytometry and
confocal microscopy will provide new
tools for investigating the mechanisms
of action of relevant chemicals.

Analytical chemistry

An extensive range of analytical
methods can be performed by Tri-
Service Toxicology scientists. Inaddition
to HPLC and GC instrumentation, the
laboratory possesses the capabilities for
mass spectrometry, FTIR spectrometry
and thermogravimetric analysis.
Recently the analytical chemistry group
identified an artifact in the analysis of
dichloroacetic acid (DCA) that results in
the overestimation of the concentration
of DCA in blood samples. A metabolite
of trichloroethylene (TCE), DCA was
previously thought tobe involved in the
promoting effect observed with chronic
exposure to TCE. This analytical artifact
may have important ramifications in the

rick accocamaont of TCTE
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Pathology

Complete histopathologic examin-
ations of tissues obtained from both in
vivo and in vitro studies are available
through Army Veterinary Pathologists
assigned to Tri-Service Toxicology. In
addition to examination of standard
paraffin- and plastic-embedded tissue
sections, special stains, electron
microscopic and confocal examin-
ations are performed routinely. Both a
transmission and scanning electron
microscope, the latter equipped with
an X-ray analysis system, are used for
ultrastructural analysis of tissues and
cells. A state-of-the-art computerised
image analysis system is on-site to
process and analyse images obtained
from light and electron microscopy. It
is of historical note that Tri-Service
Toxicology was the first laboratory to
report hyaline droplet nephropathy in
male rats produced by exposure to
petroleum hydrocarbons. It was later
shown elsewhere that this effect is a
species/sex specific phenomenon
unique to male rats (the a2-micro-
globulin story) and is not a marker for
human renal pathologies.

Current projects

Tri-Service Toxicology is involved in
a wide range of research activities. A
summary of projects currently in
progress is shown in Table 1. The
Trichloroethylene (TCE) Carcino-
genicity Project will have a significant
impact on remediation levels of TCE
proposed by the US Environmental
Protection Agency (EPA). The current
levels for TCE were set using a
paradigm that treated all carcinogens as
mutagens. However, TCE is generally
acknowledged to be a promoter, not a
mutagen. Research into the biological
effects of TCE is being conducted to
support the classification of TCE as a
promoter. Kinetic and dynamic models
are being developed to facilitate
mechanistically-based extrapolation
between species. TCE metabolic
parameters in rodents and man are also
under investigation.

The DoD is evaluating chemical
replacements for the fire extinguish-
ants, Halon 1211 and 1301 (Table 1).
The halons are ozone-depleting
chemicals that must be phased out of
use under the international treaty

known as the Montreal Protocol. Tri-
IO N

Covveicn taviealaoicte ava e




TEN Vol. 2, No. 4, 1995

Table 1. Tri-Service Toxicology current projects,

thylolp opane phosphate (I' MPP)

the toxicity of replacement compounds
being considered for fire suppression
and extinguishment. Physical
endurance and cognitive impairment
paradigms are used to compare the
relative neurotoxicity of replacements
with existing agents, while cardiac
sensitisation tests are conducted to
compare relative cardiac toxicity.

The Environmental Research Initi-
ative is an Air Force Office of Scientific
Research (AFOSR) project. The initiative
is broadly managed under the umbrella
of a programme designed to understand
and quantify (1) the processes that
govern the dispersion and alteration, by
physical, chemical or biological means,
of a contaminant as it moves through
the environment from its release point
to a human target and (2) the
toxicological impact on that target. It
involves co-ordination between several
laboratories to develop information that
will ultimately lead to the development
of numerical and analytical tools that
may be used to predict the fate, transport
and health risks of future materials. The
initiative will also provide a validated
process for determining appropriate
remediation efforts for existing
environmental contaminants impacting
on DoD operations. Tri-Service
Toxicology participates in this project
through the Predictive Toxicology
Program. The goals are to (1) study the
link between target tissue dose and
toxicity using biologically-based
modelling and (2) identify mechanistic
biomiarkers and metabolic pathways to
estimate animal/human exposure and
to predict toxicity. Current efforts in the
laboratory are focused on (1) the
development and refinement of
biologically-based response models of
exposure-related biological effects (lipid
peroxidation by TCE and metal-
lothionein induction by cadmium) and
(2) the collection of in vitro response data
for multiprotein induction in a uniquely
designed geneticallv-engineered system

that can be applied to the development
and validation of a quantitative
structure-activity model.

Collaborations
Extramural collaborative efforts are seen
as a resource and an effective way of
doing business. A number of related
research projects are being conducted at
universities such as Wright State
University, University of Illinois
(Urbana-Champaign), Indiana
University-Purdue University (IUPU)
and Colorado State University. These
collaborative activities allow Tri-Service
Toxicology to tap into academic research
resources that complement the
capabilities of the laboratory.
Tri-Service toxicologists work closely
with the other DoD laboratories in order
to help screen candidate chemicals and
materials while they are still in the
developmental stages and while choices
can still be made between alternative
chemicals. Collaborative efforts entail
participation on Joint Army, Navy,
NASA and Air Force committees,
working groups and Integrated Product
Teams, such as the Environmental
Safety and Health Subcommittee.
Personnel from Tri-Service Toxicology
actively participate on Total Petroleum
Hydrocarbon (TPH) Criteria Working
Group evaluating the current TPH

remediate fuel contaminated sites. Other
activities of Tri-Service Toxicology
include participation in the Risk
Assessment Methodologies Working
Group, a collaborative effort with the US
EPA and Department of Energy to
identify better ways to conduct risk
assessments. Tri-Service Toxicology is
also a member of the JP-8 plus 100
Integrated Product Team representing
an alliance of industry, academia and
DoD to improve the thermal stability of
JP-8jet fuel and to develop less toxic fuel
system icing inhibitors. These are a few
examples of how Tri-Service Toxicology
maintains contact with industry and
other government agencies to keep
abreast of developing toxicological
issues.

Conclusions

The three military components of Tri-
Service Toxicology, the Army, Navy and
Air Force, are committed to the two-fold
mission of the laboratory: (1) to provide
reliable and timely assessments of
toxicological issues for the DoD through
an integrated approach to human health
effects research and (2) to improve the
science of toxicology by developing new
tools for the qualitative and quantitative
prediction of adverse health effects in
human populations. The process of
programme development is essential in
order for Tri-Service Toxicology to
continue to improve, grow and better
serve its customers and the operational
aspects of the DoD. Although Tri-Service
Toxicology is itself a relatively new
entity, each of the three component
services have demonstrated a long
history of significant contributions to the
field of toxicology. Collectively, they will
continue that tradition into the future
under the auspices of Tri-Service
Toxicology.
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TOXICOLOGY ON THE INTERNET:
A RESOURCE FOR TOXICOLOGY INFORMATION EXCHANGE

Von Rix', William Binole', Lana S. Martin' and Robert Carpenter
Tri-Service Toxicology Consortium: Naval Medical Research Instisute Detachment (Toxicology)
and ' Geo-Centers, Inc, Wright-Patterson AFB, OH

The purpose of this poster is to acquaint the reader with the recently established Tri- Service Toxicology
internet capabilities and internet usage and to provide information on how to use these resources. The
Tri-Service Toxicology Consortium continually moves toward meeting the ever-increasing demands for
toxicology information which can be used for human health protection and resolution of environmental
issues within the DoD. The establishment of internet access and tools for information will significantly
enhance our ability to meet these demands. Available resources are a World-Wide-Web Server, a
Gopher Server, a File Transfer Protocol (FTP) Server and a List Server which provides world wide
distribution of information about physiologically based pharmacokinetic modeling issues and data needs.
A brief description of how to reach these resources over the internet, contribution subject areas,
definitions of internet terms, and a demonstration of accessing these resources will be provided.
Tri-Service Toxicology personnel are actively working to improve these resources, and contributions on
relevant subjects are welcome. Other list groups and WALIS searchable databases germane to toxicology
are being developed, and contributions from all interested parties are welcome. Our vision is to have
available, searchable decision-valuable, toxicology-related expert knowledge from our research activities
and to provide "one-stop" access to other internet resources of value for the practice of human health and
environmental risk assessment.

Poster Abstract, 1995 Toxicology Conference. Conference on Risk Assessment Issues for Sensitive
Human Populations. 25-27 April, 1995.
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dependent manner and after 1 hr treatment, ccllular Cay, level reached to
140% and 160% of the control, respectively. Treatment of cells with the metals
also decreased the intracellular ATP in a dose-dependent manner within 1 hr
of treatment. These results suggest that the above metals may be inhibiting the
energy-dependent Ca,, regulating process by interacting with Ca,,-ATPase
pumps and this calcium overloading could, at least in part, be mediating the
metal-induced cytotoxicity.

SUPERIOR PROTECTION AGAINST OXIDATIVE INJURY
WITH HYDROPHILIC TOCOPHEROL ESTERS IN RAT
HEPATOCYTES

M W Fariss, K F Bryson, XY Gu, J D Smith, LP Walton. Environmental and
Molecular Toxicology, Department of Pathology, Virginia Commonwealth Univ.,
Richmond, VA

It has previously been demonstrated that hepatocytes incubated with toco-
pheryl succinate (TS) are completely protected from the toxic effects of a wide
variety of toxic insults including oxidative injury. In contrast, protection was
not observed with the administration of unesterified tocopherol (T) or toco-
pheryl acetate (TA). To test the possibility that TS cytoprotection results from
the intact anionic TS molecule we examined the effect of the non-hydrolyzable
derivatives of TS, tocopheroxy! butanoate and tocopheryl 3-methyl succinate,
on ethyl methanesulfonate-induced cell death and lipid peroxidation. Cyto-
protection was not observed with these anionic derivatives indicating that the
cellular accumulation and hydrolysis of TS (releasing tocopherol) are respon-
sible for TS protection. Next, we investigated the hypothesis that the supe-
rior protective abilities of TS result from the increased hydrophilicity of this
molecule. We examined the protective capacity of other hydrophilic toco-
pherol derivatives, such as TS-PEG ester, tocopheryl phosphate, tocopheryl
glutarate, and trolox. Each of these compounds completely protected hepato-
cytes from oxidative damage, suggesting that hydrophilic tocopherol deriva-
tives are superior cytoprotective agents in vitro, during an acute oxidative in-
sult (as compared to T and TA). We suggest that ability of hydrophilic toco-
pherol derivatives to rapidly replenish subcellular sites with a functional an-
tioxidant is responsible for protection against oxidative injury. (Supported by
NIEHS grant #05452).

[161] TRICHLOROETHYLENE: FREE RADICAL STUDIES IN
B6C3F1 MOUSE LIVER SLICES

L Steel-Goodwin !, TL Pravecek !, BL Hancock !, WJ Schmidt !,

SR Channel !, D Bartholomew !, CT Bishop !, M M Ketcha,

AJ Carmichael 2. ! Tri-Service Toxicology Consortium, Wright-Patterson AFB,
OH; 2 Armed Forces Radiobiolgy Research Institute, MD

Electron paramagnetic resonance EPR/spin trapping techniques were used
to test the hypothesis exposure of liver to trichloroethylene (TCE) causes in-
creased formation of free radicals. Precision cut liver slices from B6C3F1 mice
were incubated for 20 min. with TCE at headspace concentrations ranging
from 0-10,000 ppm with and without the spin trap a-phenyl-tert-butyl nitrone
(PBN). PBN (10 mM) did not interfere with K* levels, lactic dehydrogenase,
aspartamine transaminase or alanine transaminase. Free radicals were mea-
sured using a Bruker ESP300E spectrometer. A solution of 3-carbamoyl —
2,2,5,5 tetramethyl-1-yloxy free radical was used as a standard to quantitate
radicals. All data was normalized to liver wet weight. Total radicals (TR) in-
creased linearly with increasing TCE head space concentration (TR = 4.9E —
04[TCE]} + 6.84X10E14, r = 0.99 P < 0.001). EPR/spin trapping results were
corroborated by conjugated diene measurements and analysis by gas chro-
matography.

TIME-COURSE OF LIPID PEROXIDATION FOLLOWING
TRICHLOROETHYLENE GAVAGE IN B6C3F1 MICE

SR Channel, K Geiss, L Banskton, B L Hancock, WJ Schmidt. Tri-Service

Toxicology Consortium, Wright-Patterson AFB, OH

Trichloroethylene (TCE), a common groundwater pollutant, is is suggested to
produce free radical species during its metabolic degradation (Steel-Goodwin
et al., 1994). This may account for the evidence of lipid peroxidation, seen as
lipofuscin accumulation, observed in acute TCE exposures (Elcombe et al,,
1985) and in chronic studies using the major metabolite trichloroacetic acid
(TCA) (Bull et al,, 1990). Present time course data for TCE-induced lipid
peroxidation is limited to a few hours. To extend that dataset, TCE was ad-
ministered by corn oil gavage to male B6C3F1 mice 5 days a week for 8 weeks
at doses of 0, 400, 800 and 1200 mg/kg. Liver homogenates were prepared from
harvests at multiple time points throughout the study and analysed for thiobar-
bituric acid reactive substances (TBARS). TBARS rise rapidly to reach a peak
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of approximately 140 nmoles per gram of liver tissue at three days. Between
three and five weeks the levels drop to S0 nmole/g liver and then gradually rise
to 100 nmole/g by the eighth week. In this study, the time course was indepen-
dent of TCE concentration.

SUPEROXIDE DISMUTASE MIMETICS PROTECT AGAINST
PARAQUAT-INDUCED INJURY BOTH IN VITRO AND IN
Vivo

BJ Day, S Shawn, J D Crapo. Department of Medicine, Duke University,

Durham, NC

We have employed low molecular weight superoxide dismutase mimetics
based on substituted manganic meso-porphyrins to protect against a known
pulmonary toxicant, paraquat, which is thought to produce injury by redox cy-
cling with diaphorases and molecular oxygen producing the reactive superox-
ide radical. SOD mimetics were first tested in an in vitro cell culture model us-
ing calf pulmonary endothelial cells (CPA-47) and rat lung epithelial cells (L2).
Cell injury was assessed by measuring release of the cytosolic enzyme lactate
dehydrogenase (LDH) into the cell medium. Paraquat exposure produced a
dose dependent release of LDH in both types of lung cells. The epithelial cells
were more resistant than the endothelial cells to paraquat-induced injury. The
SOD mimetics (MRTBAP and MnTMPyP) protected both cells types in a dose
dependent manner. Neither compound appeared toxic to either celi type at the
highest doses used in these studies. The protective effect of the SOD mimetics
appears to be due to their dismutase activities since the zinc forms which do
not possess SOD activity did not protect the cells against paraquat-induced
injury. We next assessed whether MnTBAP would protect in vivo from a bolus
dose of paraquat. Six mice where given either saline (10 ml/kg, ip) or paraquat
(45 mg/kg, ip) and exposed to nebulized saline or MnTBAP (5 mg/ml) for 30
minutes twice daily. Mice were killed 48 hours after paraquat treatment. Lung
injury was assessed by measuring LDH, protein and % PMN’s in bronchoalve-
olar lavage. Paraquat increased levels of lavage LDH, protein and number of
PMNs. MiTBAP did not affect any of these parameters in control animals,
but significantly decreased both LDH and protein Ievels in the group that re-
ceived paraquat. These studies suggest that these SOD mimetics may be useful
agents in preventing injury associated with the generation of reactive oxygen
species.

ALTERED EFFECTS OF THE SUPEROXIDE ANION ON
ISOLATED COCHLEAR OUTER HAIR CELL SHAPE BY
SUBSTITUTION OF EXTRACELLULAR SODIUM WITH
N-METHYL-D-GLUCAMINE
W J Clerici, D L DiMartino. Division of Otolaryngology-HNS, Department of
Surgery, University of Kentucky College of Medicine, Lexington, KY

Exposure of the guinea pig cochlear outer hair cell (OHC) in vitro to reactive
oxygen species generating systems induces xieotic or potocytotic bleb forma-
tion at the infranuclear region similar to that seen following certain ototoxicant
exposures. In neurons, replacing extracellular sodium (Na*) in the medium,
with N-methyl-D-glucamine (NMDG), a relatively impermeant cation, re-
verses oxidative stress induced cell surface bleb formation. This study exposed
OHGs to a superoxide anion (Oj) generating system, xanthine-xanthine oxi-
dase (X-XO), and bathing media containing either NMDG* or Na*, in order
to determine the potential of preventing or reversing O3 induced bleb forma-
tion. OHCs were bathed with artificial perilymph containing 1.5 mM CaCly,
1.5 mM Mg(,; and 10.0 mM D-glucose, in 1.0% modified Dulbecco’s PBS
(Nat+AP; 300-310 mOsm, pH = 7.2 1 0.1), or iso-osmotic artificial peritymph
in which Na* was substituted by equimolar NMDG*+ (NMDG*AP). Based
upon pre-exposure (30 min)/exposure (90 min)/post-exposure (60 min) condi-
tions, groups included: a) NatAP/ X-XO in Na* AP/ Nat AP, b) NMDG*AP/
X-XO in NMDG+AP/ NMDG*AP, ¢) Nat AP/ X-XO in Na* AP/ NMDG*AP
and d) NMDG*AP/ X-XO in NMDG*AP/ Na* AP. Group (a) cells developed
blebs during the X-XO in Na*AP exposure which lasted to the experiment
end. OHCs in group (b) did not develop blebs during X-XO in NMDG*AP
infusion or subsequent NMDG* AP reinstatement. Group (c) cells developed
infranuclear blebs during the X-XO in NatAP exposure, all of which disap-
peared upon supetfusion with NMDG*AP. OHCs in group (d) did not develop
blebs during X-XO in NMDG* AP infusion, but did upon Na* AP superfusion.
This suggests that cell surface bleb formation in OHCs due to O3 generation
is reversible and depends upon the presence of extracellular Na* but that the
absence of Na+ does not protect the plasma membrane against O3 induced
damage.
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[1231] EFFICIENT TISSUE REPAIR UNDERLIES THE [1233) DETECTION OF PROLIFERATING CELL NUCLEAR
RESILIENCY OF POSTNATALLY DEVELOPING RATS D RTIGEN (PCNA) IN HEPATOCYTES IN TISSUE SECTIONS
AFTER ADMINISTRATION OF TRICHLORO-ETHYLENE

TO CHLORDECONE + CCly HEPATOTOXICITY
(TCE) TO MICE

ADalul, T} Bucci?, BD Lyn-Cookz,H_M_Mghgn_@E'.’Divirion of )
Pharmacology & Toxicology, Northeast Louisiana University, Monroe, LA; KT Geiss, J H Grabau, J R Latendresse, S R Channel. THi-Service Toxicology
Consortium, Wright-Patterson AFB, OH

2 National Center for Toxicological Research, Jefferson, AR
Previous studies demonstrated that during carly postnatal development rats One potential mechanism of TCE-induced mouse hepato-celtular tumor® s
the formation of excessive active oxygen species (AOS), possibly during lipid

are resilient to the lethal combination of chlordecone (CD) + CQl;. The ob- e ! X . :
jective of this study was to further investigate the underlying mechanisms of peroxidation in hepatocytes. Target (proteins, lipids, DNA) interaction with
this resiliency. Postnatally developing (20- and 45-d-old) and adult (60-d-old) free radicals can result in activation of signaling molecules, transcription fac-

tors and/or the induction of oxidative stress-responsive genes which are po-

male S-D rats were maintained either on normal diet (ND) or 10 ppm CD for
15 days. On day 16, rats from each dietary protocol received a single dose of
CCl, (100 ul/kg, ip) or corn oil. Liver injury was assessed by serum enzyme ap 3 -
(ALT & SDH) elevations as well as by histopa(hologg during a time-course 0- the non-invasive PCNA method over bromodeoxyuridine and H -thymidine,
96 hr. Hepatocellular regeneration was asscssed by 3H-thymidine CH-T) in- both which require invasive pre-administration that could potentially generate
corporation into hepatic nuclear DNA and proliferating cell nuclear antigen AOS. The purpose of this study was to determine the efficacy of‘ PCNA an-
(PCNA) studies. The expressions of transforming growth factor-« (TGF) tibody to detect TCE-induced S phase hepatocytes as a proliferation marker. -
and proto-oncogenes (c-fos & H-ras) were measured in 20- and 60-d ND rats. Groups of mice were orally administered water, corn oil, or TCE (1200 mg/kg)
In ND + CCl4 rats, transient liver injury occurred regardless of age as indi- in corn oil in equal volumes (once/day, 5 daysfweek) for 3, 6,14, and 21 days.
cated by ALT & SDH levels and histopathological lesions. In CD rats, cqy,- Histopathology, immunohistochemistry, and cell counts by image analysis re-
induced toxicity progressed with time culminating in 25 and 100% mortality vealed that PCNA antibody is an effective method for detection of TCE-
in 45- and 60-d rats, respectively, by 72 hr after CCly. Treatment of 45-d CD induced S phase hepatocytes in tissue sections.

rats with antimitotic agent (colchicine, 1 mg/kg, ip) resulted in 75% mortality

tential pathways for triggering cell proliferation, paramount to tumorigen-
esis. To test this hypothesis using our experimental approach, we preferred

by 96 hr after CCly. *H-T incorporation and PCNA studies indicate delayed

and attenuated DNA synthesis, indicating unrestrained progression of liver EFFECT OF PIPERONYL BUTOXIDE (PBO) ON CELL
injury leading to death of the animals. In contrast, in 20-d rats OCl4-induced REPLICATION AND XENOBIOTIC METABOLISM IN

DNA synthesis was efficient and substantial, the peak being between 24 and MOUSE LIVER

72 hr after OCl4 regardless of CD pretreatment. There were 3-and 3.5-fold in- J C Phillips !, M E Cunninghame 1 RJ Price!, T Osimitz?, KL Gabriel,
creases in TGF~a and H-ras mRNA expressions, respectively, during the max- FJ Preiss 4, WH Butler !, BG Lake 1.1 BIBRA Toxicology International,

imal DNA synthesis in 20-d ND rats, whereas only 2- and 2.5-fold increases Philadelphia, PA; 2 Carshalton, Surrey, England, SC Johnson & Son Inc,

were observed in 60-d ND rats, respectively. Increased expression of c-fos (10- Philadelphia, PA; 3 Racine, WI, Biosearch Inc, Philadelphia, PA; 4 McLaughlin
fold) was observed only in 20-d rats, 1 hr after CCly. These findings strongly Gormley King Co, Minneapolis, MN

suggest that tissue repair mechanisms play critical role in the resiliency of rats We have compared the effects of PBO (a non-genotoxic pesticide syner ist
during early postnatal development. (Supported by The Burroughs Welcome and sodium plx:enobarbitone (NaPB) on(markerg of cell rezfiscation Z‘?j xg;so)-
Fund and ORISE). biotic metabolism in mouse liver. Male CD-1 mice were fed diets containing

O(control), 10, 30, 100 and 300 mg/kg/day PBO and 0.05% NaPB (equiva-
lent to 99 mg/kg/day) for periods of 7 and 42 days. Replicative DNA syn-

HEPATOCYTE PROLIFERATION IN F344 RATS thosis was studied by implanting 7 day osmotic pumps containing 5-bromo.
FOLLOWING LONG-TERM EXPOSURES TO LOW LEVELS 2'-deoxyuridine during study days 0-7 and 35-42. Treatment with PBO (100
OF A CHEMICAL MIXTURE OF GROUNDWATER and/or 300 mg/kg/day) and NaPB for 7 and 42 days increased relative liver

CONTAMINANTS weight which was associated with, respectively, either a midzonal or a cen-
AA Constan, RS Yang, D C Baker, S A Benjamin. Center for Environmental trilobular hypertrophy. Hepatocyte Labelling Index (LI) values were increased

Taxicology, Departments of Environmental Health and Pathology, Colorado 3.5 and 8.2 fold in mice fed 300 mg/kg/day PBO and NaPB, respectively, for 7
days. L1 values were not increased in mice given 10-100 mg/kg/day PBO for 7

State University, Fort Collins, CO

A six-month study was performed to investigate hepatocellular proliferation da.ys or any treatment for 42 days. Treatment with NaPB for 42 days increased
and histopathological changes in F344 rats after long-term exposures to Jow- microsomal cytochrome P-4§0 content and 7-pentoxyresorufin and cthylrr'lor-
levels of a chemical mixture of seven groundwater contaminants. The seven phine metabolism. PBO also induced some markers of xenobiotic metabolism.
chemicals used are among the most frequently detected oontami‘nants as50- These results demonstrate that PBO and NaPB induce xenobiotic metabolism
cated with hazardous waste sites; arsenic, benzene, chloroform, chromium in mouse liver but only produce 2 transient stimulation of cell replication. On
lead, phenol, and trichloroethylene. Male F344 rats were exposed to this mix- a molar l?asxs PBO is less potent than NaPB. Gcnf:rally PBO produced effects
ture, or submixtures of the organic or inorganic chemicals, via drinking wa- <_)n1y at h‘xgh do:scs (100 am.i 300 mg/kg/day) at w?nch lx‘r'er nodules are fo.rme:d
ter for six months. The study design included a time course experiment Ge., in chronic stud'lcs, suggesting a role for enzyme induction/cell proliferation in
3 days, 10 days, 1, 3, and 6 months) and a dose-response experiment. Hep- nodule formation. (Supported by PBO Tusk Force IT).

atocellular proliferation studies were performed by subcutaneously implant-

ing osmotic mini-pumps to continuously deliver $-bromo-2/-deoxyuridine for

7 days which labelled nuclei of proliferating cells. In all groups, there were no 1235 %gﬁ?ﬁgg&ggﬁ?&gﬁgg 'IIP"[EYE%J %}égggré ?gr YL
differences in weight gain, body weight, liver weight ratios, o liver-associated MOUSE LIVER

plasma enzymes. Light microscopic evaluation revealed no lesions related to .

the treatments in any animals. However, significant increases in hepatoceliu- S’ai }fl‘ésa’ B A Wong, OR Moss, TL Goldsworthy. CHT, Research Triangle

lar labelling were observed at the 3-day, 10-day and 1-month exposure time

points, after treatment with the full mixture, as well as the organic or inor- PS-6 unleaded gasoline (UG) and methyl tertiary butyl ether (MTBE), an oxy-
ganic submixtures at 1X and 10X concentrations. Proliferating hepatocytes genate added to UG, induced liver tumors sclectively in female mice. Given
expressed a unique labelling pattern surrounding large hepatic veins 0.5~ that these mice exhibited uterine alterations, and estrogen inhibits liver tu-
2.0 mm), but not central veins. This did not appear to be a regenerative re- morigenesis in mice, we propose that UG and MTBE are hepatocarcinogens

sponse due to cytotoxic mechanisms as assessed by the absence of increased secondary to their interaction with estrogen. In mouse tiver PS-6 increases

plasma enzyme activity and the absence of hepatocellular lesions. Ultrastruc- P450 activity and estrogen metabolism, and is mitogenic and a tumor pro-
tural changes in these specific hepatocytes will be presented. moter. To compare a newer formulation of UG (91-01) and similarity of re-
sponses to MTBE, we evaluated the effects of 91-01 and MTBE to PS-6. Mice !

were exposed to 2027 ppm PS-6, 2013 ppm 91-01 or 7813 ppm MTBE va-
por for 3 or 21 days under the exposure conditions of the cancer bioassays.
Liver weight increases and uterine weight decreases were seen inall treatment
groups. P450 activity, assessed by 7-pcntoxy-resoruﬁn-O«dcalkylasc (PROD)
and 74:thoxyresoruﬁn-0-dethylasc (EROD) activities, were increased simi-
larly in all exposed mice. In the absence of hepatoxicity, the hepatic labeling
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RISK ASSESSMENT POLICY FOR EVALUATING REPRODUCTIVE SYSTEM

TOXICANTS AND THE IMPACT OF RESPONSES ON SENSITIVE POPULATIONS

G. Bruce Briggs, D.V.M.!

Geo-Centers, Inc., Naval Medical Research Institute Detachment (Toxicology), Building

433, Area B, WPAFB, OH 45433-7903.

ABSTRACT: Risk assessment policy for evaluating environmental chemicals for their potential
to produce reproductive system failures is similar to policy for evaluating cancer-causing effects.
The objective of reproductive system risk assessment is to expand on the test standards that
primarily focus on fertility endpoints and birth defects by using mechanism-of-action studies and
quantitative risk assessment methods. An understanding of the sensitivity of reproductive system
insult between animal species and from animal models to man is critical to developing risk

assessment policy and test standards.

The reproductive process is complex and involves a number of maturation and sex cell
development processes. Sensitivity to insult varies throughout this process, especially during 1).
the development of the conceptus, sperm and ova, 2). fertilization; 3). implantation and 4).

puberty. Reproductive failure has many causes and clinical effects. Risk assessment policy is

! to whom the correspondence should be addresssed
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directed toward reducing the uncertainty associated with the cause by providing a guide to
understanding how dose, duration, and characteristics of the reproductive toxicant affect the

reproductive process.

KEY WORDS: Developmental toxicology; EPA risk assessment policy; Extrapolating toxicity

data; Reproductive toxicology; Reproductive system risk assessment; Sperm staging

1. INTRODUCTION

Claude Bernard established the basic principles for toxicologic evaluation more than 100 years
ago. They remain as valid today as when they were first written and are the foundation for safety
evaluation research and risk assessment. This presentation will examine several of those
principles and relate them to the policies that are shaping the current regulations which guide the

risk assessment of potential reproductive toxicants.

Three of these principles are key factors in risk assessment policy development:

1). Physiologists must discover the laws of "vital manifestations" or physiological functions, and

observation and examination are the only methods of investigation.

2). Toxicity to target organs is determined by establishing approaches to defining the mechanism

of action of drugs and other chemicals.




3). Cause and effect relationships are established through developing an objective and a

hypothesis, conducting the examination and controlling the variables.

This review presents the major reproductive risk assessment policies that are currently being
used. It also discusses the "new generation" methodologies to improve the information relating
to potential risk to sensitive populations; the gametes, the conceptus and the adult male and

female.

2. REPRODUCTIVE SYSTEM RISK ASSESSMENT POLICY DEVELOPMENT

The science relating to the toxic insult of the reproductive system has been driven by the need to
prevent exposures from reproductive and developmental toxicants to sexually active adults.
Policies have evolved primarily through a series of guidelines and regulations that rely on
laboratory animal surrogate models and standardized test standards that have been developed to
link the causes and clinical effects of reproductive system failures (See References in Section I).
The Food and Drug Administration (FDA) issued the original test standards in 1966. These
guidelines established the requirements for regulatory approval of new drugs under development.
Segment I Reproductive Effects Studies were proposed to evaluate fertility in rats. Segment II
Teratology Studies were proposed to be conducted in a rodent and non-rodent animal model to
evaluate birth defects and malformations in the offspring. Segment III Perinatal and Postnatal
Studies were developed to evaluate potential toxicity to the young during lactation and early
development. Multigeneration reproduction studies were also recommended for some pesticides
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that could enter the food chain of humans. A battery of neurobehavioral tests was established at
a later date to evaluate potential developmental effects on the sensory organs and the central

nervous system during pregnancy.

These tests have served the regulatory process and society by using animal surrogates as test
models to avoid catastrophic toxic insult to the human reproductive system. They have not been
revised since they were proposed and focus primarily on fertility endpoints of malformations,
functional defects, growth retardation or death. One approach for setting acceptable levels for
developmental toxicity risk has been to use safety (uncertainty) factors. From a bioassay
conducted at several dose levels in both a rodent and a non-rodent animal species, a supposedly
safe dose for humans is determined by dividing the no-observable-adverse-effect level (NOAEL)
by a safety factor. It has been suggested that a safety factor of 100 should be used when
extrapolating from animal study data to establish acceptable human exposure levels (Lehman and
Fitzhugh, 1954. See Section VI). If the NOAEL is taken to be a safe dose for the experimental
animals, a safety factor of 10 is suggested to allow for potentially higher sensitivities of humans
compared to the experimental animals and another factor of 10 to allow for differences in
sensitivities among individuals. For irreversible effects, such as death or malformation, an
additional safety factor of 10 is suggested (Jackson, 1980. See Section VI). Even though the
safety factor of 100 is adequate to account for interspecies and intraspecies differences in
response, this does not necessarily result in a risk-free dose because the power of the experiment
may not be adequate to detect subtle toxic effects (Galor, 1989. See Section VI). Although this

method is not foolproof for setting acceptable levels for humans, it has provided a margin of
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safety and has reduced the risk for most chemicél entities that have been evaluated by using
these standardized tests. Most teratological studies are capable of detecting reproductive system
disease incidence of 10% or more. The reason for this increase in sensitivity in humans to
reproductive system toxicants is not clearly understood but is likely due to differences in
metabolism and mechanism of action of the hazardous chemical. Warning labels are required for
drugs and pesticides to alert physicians and sexually active humans to avoid contact with
developmental toxicants, especially during pregnancy. The primary regulatory concern today is
that data gaps exist for most of the chemicals in commerce, and more than 4,000 reproductive or
developmental toxicants for animals do not produce these effects in humans. About 50 human
reproductive system toxicants have been reported to have caused developmental toxicity in
humans (Schwetz and Harris, 1993. See Section I). The regulatory policy has been largely based
on preventing or reducing exposure to the mother at or below safe levels during the sensitive
periods for fetal development. Prevention of exposure to human toxicants remains to be the most
effective principle for protecting the reproductive system from toxic insult (See References in

Section I'V).

Since the promulgation of the FDA guidelines, a number of position papers, guidelines or
regulations have been written to establish policy for protecting humans from reproductive system

risks. Several of these policies are discussed in this presentation and a list of policies is included.




3. DISCUSSION

New risk assessment policy for going beyond the current test battery to explore the processes by
which reproductive system failures and successes occur has been promulgated (See References in
Section II). This policy, along with the development of new models for expanded end points that
characterize mechanisms of sex cell maturation and function, is providing scientists and
regulators better means for assessing chemical risks. The U.S. Environmental Protection Agency
(EPA) has developed risk assessment guidelines which were finalized in 1991 (See References in
Section I, 1991). These guidelines were based on the same criteria for cancer risk assessment

which are routinely used today. These include:

1). Hazard identification
2). Dose-response assessment
3). Exposure assessment

4). Risk characterization

These guidelines define reproductive toxicity and developmental toxicity and describe and
discuss the endpoints that need to be evaluated in order to prevent adverse effects to the
reproductive system and process. The EPA guidelines define reproductive toxicity as the
occurrence of adverse effects on the reproductive system that may result from exposure to
environmental agents. Toxicity may be expressed as alterations to the reproductive organs
and/or the related endocrine system. The manifestation of such toxicity may include, but not be
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limited to, alterations in sexual behavior, onset of puberty, fertility, gestation, parturition,
lactation, pregnancy outcomes, premature reproductive senescence, or modifications in other
functions that are dependent on the integrity of the reproductive system. Developmental toxicity
is defined by the EPA as the occurrence of adverse effects on the developing organism that may
result from exposure before conception, during prenatal development, or postnatally to the time
of sexual maturation. Adverse developmental effects may be detected at any point in the life span
of the organism. The major manifestations of developmental toxicity include death of the

developing organism, structural abnormality, altered growth, and functional deficiency.

Fertility and reproductive function in both males and females are evaluated in the laboratory rat
in the Segment I study. The reproductive toxicity is evaluated by dosing both sexes with at least
three dose levels. Sexually mature rats are dosed through a sperm cycle and female sexually
mature rats are dosed with three dose levels of the test article for 14 days prior to mating. For
most chemicals, only one generation is required. The offspring are then evaluated for individual
and litter effects of toxicity. The U.S. Food and Drug Administration uses multigeneration
studies for food additives to evaluate chemical effects on fertility, gestation, parturition, lactation
development and offspring development and reproduction. Segment II developmental toxicology
studies are conducted in a rodent and a non-rodent species. Pregnant rats are exposed during the
period of organogenesis during days 6-15 of gestation, and pregnant rabbits are exposed on days
6-18. The pregnant dams are terminated one day prior to delivery, and the pups are examined for
viability, malformation, and growth (Manson and Kmé, 1994. See Section VI). The

International Harmonisation Committee Guideline, (FDA,1994. See Section I), recommends the
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supplementation of the standardized tests with staging techniques and mechanism of action
studies. Many of these new methods are described in the references by Heindel and Chapin.

(Heindel and Chapin, 1993. Chapin and Heindel, 1993. See Section IV).

The risk assessment policy guidelines have improved the earlier test standards by stating the
assumptions made in the risk assessment process and standardizing the use of qualitative and
quantitative data in the hazard identification and dose-response processes. The guidelines have
also helped to identify research needed for reducing uncertainties and to fill data gaps. This
information is included in databases (See References in Section 1V ), and is used along with
epidemiology facts (See references in Section III), to perform a reproductive risk assessment for

potential reproductive system toxicants.

The criteria that are used for cancer risk assessment are used for the risk assessment of

reproductive and developmental toxicants with the following additional assumptions:

1). An agent that produces an adverse reproductive effect in experimental animals will

potentially pose a hazard to humans after sufficient exposure.

2). Reproductive effects are generally the same across species except for pregnancy outcomes.

3). All of the manifestations of developmental toxicity are of concern, including growth

alterations, functional deficits and fetal death, in addition to structural abnormalities.
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4). A threshold is generally assumed for the dose-response curve for reproductive effects.

Standardization of data collection has been the primary objective of the International
Harmonisation Committee (IHC) guidelines that were published in 1994 (see Reference IHC in
Section I). This document introduces the concept of "most probable option" which is interpreted
as optimizing the test parameters to reflect sound scientific procedures. This includes
determining the optimal treatment period for both male and female animal models and the
conceptus so that exposure to the toxicant occurs during the most sensitive period of maturation
and development. The testing requirements will include general screens to identify potential
treatment-related effects and studies to characterize the nature, scope and/or origin of the toxic
effect. The screening studies will remain essentially the same as with previous guidelines. The
characterization studies include optimization of test designs for kinetic and metabolism studies in

pregnant/lactating animals and male fertility assessment.

The THC recommendations for male fertility assessment includes the requirement for dosing
animals prior to mating for at least one sperm maturation cycle, and performing sperm evaluation
studies in addition to histological evaluation. This is accomplished by incorporating methods to
evaluate sperm motility and morphology using computer assisted techniques and the staging of
spermatogenesis (See Russell, L.D., Section VI). This process can also be used for oogenesis.
The ovarian follicles are all present when the female is born. They exist as primordial follicles
until they are individually stimulated by hormones to develop into primary follicles, secondary
follicles, early tertiary follicles and Graffian follicles. The oogenesis process involves distinct
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mitosis and meiosis stages. Each of these stages can be identified by characteristic structures
that demonstrate the maturation and differentiation of the ova. The ability to determine the stage
that the toxic insult occurred is a primary consideration in understanding how the reproductive
failure was produced. The first sensitive stage of the maturation process of the gamete dictates
the expression of the reproductive failure. The reproductive process is a continuum of cell growth
and function. The usual end point of a toxic insult early in the development of the gamete is
death to the gamete. Since there are many millions of sperm being produced simultaneously,
there must be a massive insult to a majority of the sperm. This insult is detected by a loss of
motility and normal morphology. Human reproductive failure can result from only a slight
reduction in the number of viable sperm, but the rat has been shown to be able to produce
offspring with viable sperm counts of approximately 20% of normal. Ova can insulted at any
stage of maturation, but the most rapid development stages of meiosis when the Graffian follicle
is becoming functional is usually the most sensitive period for toxic insult. The "trigger points"
for cause and effect relationships can occur at any point along the maturation process. The toxic
insult to the sperm can produce infertility by interfering with the locomotion process or by
causing biochemical changes that interfere with fertilization. The ova may lose viability and
cause infertility and early reproductive failure in animal models and premature menopause in

women.

Once the stage and cell types that are affected are identified, biomarkers can be used to help
develop an understanding of the mechanism of action that produced the adverse event. These

biochemical markers include hormones, enzymes, DNA abducts, biochemical substrates and
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metabolic pathway (cytochrome P-450) pathway changes. These changes can be detected in the
plasma, or the tissues of the reproductive system (See References in Section IX ). This
combination of assessment of the gamete maturation process, mating behavior, fertility, pre- .
implantation stages of the embryo, and implantation provide data for the most probable option

risk assessment.

New methods models and processes have been developed to help understand the mechanism of
action in the normal and abnormal reproductive process in sensitive populations (See References
in Section VIII ). A number of new biomarkers are currently being used to define the
reproductive process and detect alterations in function that result in reproductive failures (See
References in Section V). These are driving policy development and are providing a body of
information that is providing the associations between causes and effects in reproductive failure.
By examining similarities and common sensitivity patterns between animal species and from
animals to man, an optimum risk assessment approach can be developed for environmental
toxicants that affect reproduction.

New methods for utilizing all th;le data from animal studies for extrapolating to man (See
References in Section IV A), and incorporating statistical methods (See References in Section IX
A), have contributed to our ability to assess reproductive system risk. Benchmarking,
comparisons of fetal-to-adult effects (A/D Ratio), and improvements in the reference dose
calculations and categorical regression procedures are all being considered for improving the
value of the animal data for scaling to humans (See References in Section VI B ).
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Standardization of test standards and comparisons of similar endpoints are critical for making

risk assessments from study to study and from chemical to chemical.

Pharmacokinetic and pharmacodynamic principles can be applied for gestational and lactational

modeling using Physiologically-Based Pharmacokinetic (PBPK) procedures (See References in

Section IX B ).

The ultimate goal of reproductive system risk assessment policy is to provide a practical and
affordable method for reducing the risk from toxicants to an acceptable level (See References in
Section VII). The challenge for regulators and scientists is to reduce the variables in examining
potential risk factors and to link cause and effect parameters to reflect real world scenarios.

4. CONCLUSION

This presentation has briefly reviewed the process of reproductive risk assessment policy
development and how it relates to methods and test standards that are being used to generate and
evaluate the data for regulatory decision making. The conceptus and the adult male and female
that are attempting to produce offspring are the most susceptible human populations to
reproductive system toxicants. The reduction in variables improves the process of extrapolating
data from experimental animals to humans. Reducing exposure levels to an environmental
chemical or group of chemicals during sensitive periods across the human population has been
the objective of regulatory agency policies, especially since 1983. Dose, duration and

characterization of the risk factor(s) combined with the 