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The Chemical Manufacturers Assoc ation inakes public ail final reports developed from
- reszarch projects that it admunisters. The followir reports, recently campletcd, are enclosed:

N

v Sclia Oxidizer Classification Test. conducted by the Chlorinated Pooi Chemicals Panel.

Identificaton of Ethviene Givcol Metabolites in the Plasma of Fenuz'e Sprague Dawley® Rats »nd
TD-1® Mice, ceaducted by the Ethviene Giveol Panel.

ktaylene Glycol: Compancons of /r Virre Skin Penetration Following a Single Application of
Excised Skin of Ramiars and CD-1® Mice conducted by tne Ethyiene Glycol Panet.

Kat Wheie Embryy Culture: Identitication of Proximate Toxicant for Lthyiene Glycol
De-relopment Toicity Study conducted by the bthylene Glyco! Panel.

These reports do nue include confidential information.

ny guestions. please call Kathieen Roberts of my «taff ac ai 202/837-1146.
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IDENTIFICATION OF ETHYLENE GLYCOL METABCLITES IN THE
PLASMA OF FEMALE SPRAGUE DAWLEY® RATS AND CD-1® MICF

Previous pharmacokinetic siudies have yielded important information abcut the
dose-dapender.. elimination of ethylene glycol (EG) in rodents (Marshall, 1982;
Franiz gt al., 1592a). From these and other studies in the literature (Khera, 1990;
1991), an apparent mechanism for EG developmentai ioxicity appears to be related
to the onset of metaboiic acidosis conditions in exposed laboratory animals,
presumably because of metabolism of EG to organic acid producis. Furthermore,
the ra.a of exposure (dose-rate) appears to be important, since the processes that
control metabolic homeostasis appear to be overwhe!med by bolus doses of EG.
There is avidence from the urine samples of rodents (Marshall, 1982; Frantz gt al.,
1882a) that iarge amounts of glycolate are voided following bolus doses of 1000
mg/kg or higher by the intravencus (IV) or peroral roiries. in contrast, ethylene
glycol (EG) is absorbed through both rat and mouse skin as the unmetabolized
moiety, and excreted mostly as unmetabolized EG in urine. Also, in both Fischer
344 (Marshall, 1982) and Sprague Dawley® (Frantz et gl., 1992a) ma'e rats, smalil
amounts of oxalate are detected at later intervals (12-24 hr after dosing) after both
low and high doses given by these two routes. In these studies, the presence in
plasma of glycoaldehyde and/or glyoxal, two reactive intermediates in the
metabolism of EG, was not investigated. Marshall (1982) evaluated urine samples
from Fischer 344 rats, but did not find either aldehyde metabolite and this was
confirmed by Frantz et al. (199zb). Recently, Frantz gt al. (1992c) have conducted
an investigation of the plasma distrittion of EG metabolites with time in the male
Spragus Dawroy® rat foiowing IV ana _ 7oial Joses. However, 10 daie, the piasma
distribution of metabolites in female Sprague Dawley® rats and CD-1® mice has not
been investigated. The study reported here will build on this preliminary work.

Such information has important implications for the interpretation of developmental
toxicity results in rats and mice. Khera (1991) has suggested that disruption of
maternal homeostasis may play a key rcle in the mechanism of teratogenesis in
rodents. It is known that glycolate is the major metabolite found in the urine, along
with levels of unmetabolized EG, &nd that dose-dependent urinary elimination occurs
for both rats and mice. It is ot clear whether the formation ana plasina distribution
of the other intermediate metabolites play a role in developmental toxicity. Since
plasma matabolite analysis was not conducted in previous studies by Frantz gt al.
(1992a), the objective of this investigation was to examine the time-course of
metabolite formation and distribution in female rodents following 10 and 1000 mg
EG/kg doses by the peroral administration route. It is hoped that this work will
contribu!y important information towards our understanding of a mechanism of

developniental toxicity for EG.
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Test Mateiiai. A sampie of [1,2-'4Cl-sthviene glycol was obtained from Wizard

Laboratorias (West Sacramento, CA) with a spscific activity of 10 mCi‘mmol and a
radiochemical purity of >88%. Unlabeled EG (Polyestar Grade) was obtained with
2 purity of > 88% from Aldrich Chemical {Miiwaukee, Wi).

Dose Soipior Analysis. the dosing soiutions used in theso studies contained both
'4C.EG and uniabeled EG in amounts sufficient to produce 0.5% and 50% (w/w)
solutions dissolved in water for oral studies. Dosing sclution '4C concentrations
were datarmined by liquid scintillation spectrumetry (LSS) techniques and doses
were deiiverad gravimetrically by weighing the syringe before and afier dosing.

Test Animals. Ycung aduit female Sprague Dawley® rats (approximateiy 9 weeks
old uzon arrive! at the laboratery) were obtained from Harlan Sprague Dawley, Inc.
(indianagzoiis, IN). Female CD-1® mice were ordered from Charies River
Laboratciias, inc. (Portage, MI) and wers appreximately 5 weeks old upon arrival at
the laboratory. These animais, which were non-pregnant and nulliparous, were
acclimated to the laboratory environment for at least 5 days prior to use in the study.

Study Design. For each of the two species evaluated, a total of 12 animals/dose
levei (16 and 1600 mg/kg) were dosed perorally in duplicate in order to collect the
maximum amount of plasma for individuai sample analysis at sach collection
interval. Each animal was anesthetizeu with Metofane® and exsanguinated by a
closed-chest cardiac punciure technique at the following times: the approximate
tmax (see beiow), 4, &, 8, 10, and 12 hr post-dosing: tmax is the time to Cpay, OF
maximal plasma concentration. Total radioactivity values for fqay, at 10 and 1000
mg/kg peroral doses were 4.1 and 1.1 hr in female rats, and 0.4 and 1.2 hr in
female mice, respectively. For mice, plasma sariples were pooled from these
duplicate animals for each interval to have sufficient sample for analysis. Flasma
was processad as described in (Frantz et al., 1992a) and small aliquots (25-50 l)
were counted by LSS; the remaining sample after LSS analysis was sucmitted for
chromatographic analysis as outlined below. An additiona! threa animals for each
dose level were dosed and serially sampled for bload at 6, 12, 24, 48 and 72 hr
post-dosing © m the lateral tail veins (~200-300 pl) in order to ohtain samples for
analysis of the possible incorporation of 4C into the C- ool at later time points (to
correlate with the prior PK studies). This was done by iaking an aliquot of each
interval sampie (~15-25 i) and analyzing by LSS, while the remaining sample was
preciprated with trichioroacetic acid to determine the radioactivity in the precipitated
macromolecules. Tha2 precipitated sample was centrifuged using a table top
centifuge and the supernatant was isolated from the pellet by drawing it off using a
Pasteur pipet. The remaining rsllet was washed three times, dried and then
combusted using an R, J. Harvey Biologicai Materiais Oxidizer pnor to guantification
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by LSS. This last measurement should reveal the k els of 14C in macromolecules
potentially incorporate:i from the C, pool.

Chromatographic Data Analvsis. The remaining volume of plasma was analyzed

using HPLC techniques and refractive index (RI) detection and radiodetection, as
described in Frantz et al. (1882c). Results for the pooled plasma samples were
calculated using peak area methods and summarized per collection interval.
Authentic standards for givcoaldehyde, glycolate, giyoxal and oxalate were used to
compare retention times oy RI for the principle metabolites; radiodetection was
compared with Rl retention times to identify major metabolite peaks. A ‘ime profile
was constructed which summarizes the changes in metabolite presence and
concentration in plasma with time for each of these two doss levels.

Besults

l. Identification of EG Metabolites in Female Rat Plasma

When metabolite concentrations were determined over the initial 12 hr after oral
dosing in female rat plasma after peroral administration of 1000 mg/kg (Figure 1),
glycolate was the major metabolite measured. However, glyoxylate and glyoxal (not
resolved in this HPLC system) concentrations were also detected in plasma samples
from the 10 mg/kg dose. No attempt was made to resolve these last two aldehyde
metabolites since this was not within the scope of the present study. Glycolate,
glyoxylate/glyoxal, and unchanged EG constituted the largest percentages of 4C
detected in plasma for these peroral doses (Table 1). Oxalate and glycoaldehyde

wors ot Gstectsd in the plasma during any coliection periods for any dose ie vei.

Elimination t,»® values for the disappearance of glycolate from plasme were 6.6 and
1.6 hr for the 1000 and 10 mg/kg doses, respectively (Figure 1). A tma value of 2.6
hr was also calculated for the glyoxylate/glyoxal plasma concentrations measured for
the 10 mg/kg dose group. The corresponding t,2® values for the unmetat.olized EG
in this experiment were 2.3 and 1.3 hr for the 1000 and 10 mg/kg dose levels,
respectively.

Il. Precipitation of Macromolecules from Plasma of Female Rats

Plasma samples coliected at S, 12, 24, 48 and 72 hr after an oral 1000 mg’kg dose
showed sustained levels oi '4C which were associated with the washed
macromolecular peliet precipitated from the plasma (Figure 2). That is, as the level
of 4C diminished in the remaining plasma supematant, the '4C concentrations
detected in the macromolecular pellet were 5- to 10-foid larger than the supematant
concentrations by 24 hr. Similarly, radioactivity levels in the pellet samples of rats
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dosed at 10 mg/kg were an order of magnitude larger than that measured in the
plasma supernatants at the later times after dosing.

These elevated 4C levels associated with macromolecules probably indicate that
EC doses may ba metabolized so extensively that the 14C radiolabei entered the C,
pool and was subsequentiy incorporated into macromolecules. This may help
explain why the plasma disposition of 4C shuws concentrations of radioactivity
which remain at fairly high levels during the later times after dosing with 14C-EG.

lil. Identification of EG Metabolites in Female Mouse Plasma

Metabolite concentrations from female mics plasma were determined for 0-12 hr
after peroral administration of 1000 mg/kg (Figure 3). As was observcd for rats,
glycolate was the major metaboiite measured after this high dose was given.
However, glyoxylate and glycxal concentrations were also detected in plasma
samples from this 10600 mg/kg dose. At the 10 mg/kg level, glycolate and
glyoxylate/glyoxal, aiong with unchanged EG, showed the largest percentages of
radioactivity detected in plasma foi these peroral dose levels (Tabie 2). Oxalate and
glycoaldehyde were not detectad in the plasma during any collection periods for any
dose level in mice.

Elimination t, ,23 values for the disappearance of glycolate from plasma were 4.1 and
7.4 hr for the 1000 and 10 mg/kg doses, respectively (Figure 3). Values for t, /28 for
the glyoxylate/glyoxal plasma concentrations were 4.5 hr and 1.3 hr, for the 1000
and 10 mg/kg dose groups, respectively. The co: 2ononding t1,23 values for the
unmetabolized EG in this experiment were 2.0 and 1.2 hr ‘or the 1000 and 10 mg/kg
dose levels, resnectively.

IV. Precipitation of Protein from Plasma of Female Mice

Plasma samples collected at the specified intervals (6, 12, 24, 48 and 72 hr) after
oral 1000 or 10 mg/kg doses showed very similar 14C levels to that for the washed
macromolecular pellet precipitated from the plasma (Figure 4). While the level of
'4C diminished in the plasma supematant, the '4C concentrations in
macromolecuies were roughly parallel in the mouse throughout the 72 hr
determination. This was in sharp contrast to the results from femaie rats, which
showed higher ieveis in macromolecules than in plasma at the later times after 14C-
EG dosing.

nclusion

In summary, the results from this investigation will be used to strengthen the
manuscript for the pharmacokinetics of EG in female rats and mice (Frantz gt al.,
1992a). Since the identification ot .ietabclites in plasma had not been previously
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reported for rodents, particularly those species for which extensive studies of
Jevelopmental toxicity heve bosen conducted with EC, these resclts have added
considerably to our knowledge of tha metabolic profile of this charmical following oral
administration. Thus, it is presumed that further work to examine the mechanism of

developmental toxicity for EG in rodents will be guided by the preliminary results
derived from this investigation.

Beview and Approval

s

Study Director: Al 4-22-9¢
Ja . Sun, Ph.D. Date
/ A\
Director: ~ 255y
n P. Van Miller, Ph.D., DABT Date
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TEST REPORT

SOLID OXIDIZER CLASSIFICATION TEST

TRICHLOR STORAGE FIRE TESTS

OCTOBER 28, 1994

27803 College Park Drive ¢ Warren, Michigan 48093-4879 « (810) 771-0660, FAX (810" © ...



EXECUTIVE SUMMARY

Safety Engineering Laboratories. Inc. (SEL) contracted with the Chemica! Manufacturers
Association Chlorinated Pocl Chemicals Panel (CMA ) tc conduct Trichlor storage fire tests. The
tests were conducted in accordance with the test plan developed by SEL incorporated into the
SEL/CMA agreement. The purposc of the tests was to identify differences in exposure fire
performance between granular and tableted Trichloroisocyanuric acid (Trichlor) and provide

baseline information with respect to the classification of solid oxidizers based on the increase in

burning rate of combustibies in the fire.

Three burn tests were conducted which were identical in configuration. The first test, a
calibration burn, was conducted using an inert material in place of Trichlor. Tests two and three
were conducted using tableted and granular materials respectively. The thermocouple data, weigh
cell data and pyrometer data were analyzed along with video tapes from each of these tests. The
results showed little io no enhancement of the burn rate (Rate of Heat Release) of the combustibie

packing materials and wood crib exposure fire by either the granular or tableted Trichlor.

In an overail assessment of the three tests from the data calibration test #1 (no active

ingredient) is assessed to be somewhat more intense prior to wall collapse than test #3, granular

Trichlor. but somewhat less intense than.l inch tableted Trichlor. We did not observe any

significant increase in the overall burn rate of the ordinary combustibles in any of the Trichlor
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tests. Therefore it is our assessment that these materials should be properiy categorized as Class

I oxidizers in accordance with the ratings from NFPA 43A (NFPA 430 in May 1995).

2
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SOLID OXIDIZER CLASS "ICAVION TESTS

Backgreund

National Fire Protection Standard 43A 2ssigr.s sclid n.idiz>s v Classes I through IV.
Altnough Class I through IV definitions provide some descriptie gaidance :bout the anticipated
tehavior of oxidizers in fires, these definitions are quite suvjective. Bocoese there is no standard
test used to assign materials into each Class, changing an oxidizer’s classification needs to be

supported by comparative information on how the oxidizer behaves in a realistic fire environment.

Anecdotal evidence and laboratory bench scale tests have indicated that tableted solid
oxidizers react differently in fires than the same material in granular form. Safety Engineering
Laboratories, Inc. was requested to develop a test plan which would identify the differences
between and the contribution to burn rate enhancement for Trichloroisocyanuric acid (Trichlor).

In the curreat edition of NFPA 43A all forms of Trichlor are listed as Class IT oxidizers.

Safety Engineering Laboratories, Inc. prepared a draft test plan with the primary purpose

of providing information about how solid oxidizers behave in fires. The test we proposed is a

modification of the UN. external fire test Type 6C. Since absolute pass/fail oxidizer

classification assignment criteria do not exist, a comparative test with subjective assessment is the
only way to assign individual materials to a class and to compare their behavior to similar fires

not involving the solid oxidizers.




The draft test plan was circuw.ated to key members of the NFPA Hazardous Chemicals

Committee including the committee chairman. Suggestions by various members were

incorporated in the plan and a second draft prepared. The revised draft was submitted to Factory

Mutual (FM) through their represeqtative ox{ the committee. FM’s suggestions were incorporated
into a final d.aft test plan. The test plan was reviewed by members of the CMA chlorinated Pool
Chemicals Panel. Two members of this committee visited SEL’s facilities in Warren, Michigan
and reviewed the proposed test plan. They also visited SEL’s remote test site in Sanilac County,
Michigan. The approved test plan was incorporated into an agreement to perform the tests

through the auspices of Chemical Manufacturers Association Chlorinated Pool Chemicals Panel.

The tests were conducted during October 1994 at SEL’s remote test facility.

Miaterials tested were obtained from Biolabs, Conyers, GA. Test #1 used polyethylene
containers with no active ingredient. Test #2 used 1" tabiets of Trichlor and Test #3 used
granulated Trichlor. Labeling on the container was: 99% Trichloro-s-triazinetrione 1% inert

ingredients available chlorine 90%.

The tests were conducted in accordance with the written test plan provided in Appendix
A. The basic instrumented test configuration shown in Figure 1 Appendix A used a simulated

wood building corner with wood studs and plywood walls. In each test two stacked pallets of

4




Trichlor (or inert material for calibration purposes) were placed within 12 inches of the corner
on top of a lew profile weigh cell. Thirty six inch high :-xternal wood cribs were placed 12
inches from the two open sides of the paiicts with weigh cells under each crib. Thermecouples
were located above the wall corner in an array, on the walls, ¢.i wie pailets and the interior of
several Trichlor containers. Flame height witness poles and 1..arkers were placed on and above
the walls. A near field py:oineter was located to provide flux data from outside the fite plume.
Videc and still camneras were positioned in three locations to record the fire behavior of materials
_ during the burn. Post-fire examination and measurements are designed to provide both qualitative
and quantitative determination of decomposition, Tricitlor consumption, combustibles consnmption
and radiation exposure. Appendix B photographs provide various views of the test set up and

configuration including instrumentation.

Test #1 - C~*ibration Burn

Test #1 was a calibration burn to determine the contribution of the combustible
building/packaging materials and to provide a base line from which an acceleration from the
presence of Trichlor in tests #2 and #3 could be determined. Approximately 30 pounds of 1ocks
were placed into each vmpty Trichlor container.

Crib Fuel - 340 lbs

72 PE Pails/Lids - 170 lbs

Wooden Pallets - 50 Ibs

Rocks - 2160 lbs




The test structure was Jriented so that the wind would be blowing into the corner. At test

time the actual wind was approximately S knots and varied between 5 and 10 knots throughout

the test. The actual wind direction was parallel to the east corner wall or perpendicular to the

north wall. In the first 90 seconds of this burn much of the convection energy from the west crib

was directed away from the pallets and as can be seen in the video and was not impinging on the

north wall.

The changing direction of the wind about 3 minutes into the test reduced the impact of

wall involvement. This in fact delayed significant wall involvement until after approximately the

6 minute mark. The wall thermocouple data clearly show this.

Test #1 Description

Observaiion

0:00 Wood cribs ignition.

1:00 Established burning of cribs; light gray smoke above test structure.

1:40 Flames from south crib (cell #C) above top of pallets.

2:00 Flames from south crib impinging on palleted material.

2:15 Polyethylene pails burning along south face of lower pallet.

2:23 Several pails from upper pallet fall on south crib (weigh cell C) crib continues to

burn; several pails fall free of fire from crib.

Additional pails fall from upper pallet.



490
4:41

.- 6:00

8:00

) 9:20

-

Observation

North wall of corner structure begins to tumn.

The south wood ciib fire is resstablished and 1s again making flame contact on the
pallets. Polyethylere pails which had fallen cn the load cell have melted and/or
burned away.

Additional pile collapse to the west.

Additional pile collapse to the west on to load cell A.

Remainder of the pile collapsed.

Fire reestablishea on north wall and in pile. Wind has shiited sligk:ly to carry fire
against north wail and to the west.

Wind velocity increascd and was gusting to 10 knots.

The corner wall structure fell over not related to loss of integrity from the fire.
It appeared that a gust of wihd into the comner toppled the structure when the south

support was pushed back.

Test #2 - Tableted Trichior

N T teal- 340 ibs
- - "2 PF Paily/Lids - 170 Ibs
i" Tableted Trichlor - 2160 ibs
- Wooden Pallets - 50 lbs
;@ .
- -
> T
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The comner of the test structure was oriented so that the winds were blowing into the
corner. At test time the actual winds were between 2 and 4 knots. The actual wind direction
remained nearly into the corner throughout the test. This wind direction and light velociiy
materially aided the involvement of both walls early in the test. At approximately 3:30 into the
test significant decomposition of .Trichlor on and around the north crib was noted. No significant
visual increase in the rate of burning was noted. Load cell data particularly from cell A under
the north crib showed approximately the same rate of decrease as observed during the calibration

burn when adjustments were made for weight changes due to the collapsing pile and subsequently

the collapsing crib.

There were several periods during the fire particularly during 5:00 to 6:00 minutes into
the fire when an increase in the burn rate of the combustibles is observed. After six minutes the
size of the fire grows steadily as both sideé of the corner structure are burning. The fire burned

through the lower portions of both walls which allowed simultaneous upward flame spread on

both sides of the wall.

By 11 minutes into the tests the plywood walls were consumed and the remaining fire in
the pile consisting of polyethylene, wood and Trichlor burned unremarkably. Close up
observations during this period did not reveal any vigorous burning even in the areas of rapidly

decomposing Trichlor and large amounts of wood and melted polyethylene.



Time

1:5C

2:25

3:00-3:40

Test #2 Description

Observation
Wood cribs fully involved; wind remain light with light smoke developing directly
above crib fires.
Botu crib fire flames extend above the top of pallets on a continuous basis no
involvement yet of any Trichlor or any significant involvement of packaging
materials.
Pails fall onto north crib but crib remains intact. No noticeable increase in burn
rate during the next 15 seconds with signiﬁcant amounts of tablets on an in the
crib.
Several additional pails fall from pile ento north crib and load ce!ll.
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Additional pails of material fall &
although no significant increase in combustion of adjacent combustibles noted.

The pallet stack continues to collapse with large amount of Trichlor decomposition
noted in the smoke. Primary fire is the south wall fire with some contribution

from the cribs. Wind remains into the corner and south wall at less than 4 knots.

North wall fully involved.

Two distinct fires noted. The north crib with numerous Trichlor pails and the .

pallet pile/south wall/south crib. Copious Trichlor decomposition noted from

around the north crib, however no increase burn rate was noted.




Observation
During this time copious guantities of black smoke appeared with little or no
increase in the visible size of the fire. After 5 minutes the fire began to grow
again involving the walls, wooden pallet and cribs.
Pile continues to collapse.
Wind has shifted slightly to a more westerly direction with an increasingly darker
smoke and heavy involvement of the south wali.
During this period there appears to be a significant increase in the size of the fire
and in the decomposition of the Trichlor. Full involvement of the wall shows

clearly when the wind shifts directly into the corner.

Both walls fully involved; the south crib has remained intact; flame extension from

the south wall/crib 12-16 feet.

Copious amounts of black émoke. Trichlor decomposition clearly observed on
lower fire fringes.

The fire at this point is predominately a wood and structure fire. The crib fires
and pile fires remain small even though significant Trichlor is present.

The wall structure was burned away and the pile fire continued to burn. The
south crib remained intact and continued to burn as a crib fire.

South crib collapsed.

Test terminated and fire extinguished.




Test #3 - Granular Trichlor

Crib Fuel - 340 Ibs
72 PE Pails/Lids - 170 lbs
Granular Trichlor - 2160 lbs

Wooden Pallets - 50 lbs

The corner of the burn structure was oriented so that the winds were into the comer. The
actual winds varied from 3 to 12 knots throughout the iests with the predominant speed being 5
to 7 knots. The actual wind direction however varied from the west northwest over a range of
+ 40 degrees. Up to the pile collapse at around 6 minutes into the test the crib fires showed
normal growth causing some exposure to the lower pallet outside containers. Significant
decomposition of Trichlor was occurring dﬁring this period although no signiticant growth in the

fire was observed visually.

The piie collapse slowed the growth of the fire although the fire atmosphere was clearly
primed with copious amounts of Trichlor decomposition products. The fire was allowea to
reestablish and continue to burn to consume the test materials and structure. After the fire in the
wood materials was reestablished the fire growth and appearance was that of wood and plastic

and did not appear enhanced by the presence of the decomposing Trichlor.
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Test #3 Description

Time 0 tio

1:15 Both crib fires were established. The wind was gusting and the north crib
convective energy was vented past the east wall (similar to test #1).

2:20 The south crib flame extension was above the pallets periodically.

3:20 The upper wood pallet appeared to be burning along the west edge. The wind
continued to shift to the north carrying most of the convective energy from the
north crib away from the pallets.

3:30 When the wind shifted back into the corner it appears that both cribs now have
well developed fires. |

3:55 Pile coilapse begins onto west crib and load cell.

4:00 Granular Trichlor that poin'ed from holes melted into lower pails began to

decompose producing copious quantities of smoke without any apparent increase

In burn rate.

South crib fire begins to redevelop. Granular Trichlor which poured out of holes

melted in the pails appeared to smoother the fire at lower levels on the west crib.

The north crib continued to burn with little effect on the remaining palleted

material.




5:50-6:00

7:10

G:00

11:00

12:30

Observation

Trichlor decomposition from the south crib area was evident in the smoke. This
material from holes in the pails had little effect on the well established wood
burning except where some extinguishing/smothering occurred.

The majority of the pile collapsed on to both cribs. Large amounts of whiie to
gray smoke evolved.

Visible fire reestablished on the north crio. Despite the presence of large amounts
of granutar Trichlor the development of this area of the fire remained slow as did
the entire fire.

The wind shift to a west to southwest direction during this period carried much
of the convective energy from the north crib away from the stmctufe.

Fire growth from the north crib to the pile with some involvement of the north
wall.

Combustion of the east wall appears again as the pyrolysis products ignite in the
plume from the crib fire.

The wind velocity dropped to 5 knots and remained into the comer The fire was

allowed to continue to burn.

Photographic Data. Appendix B contains captioned photographic data from each test.
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Appendix C and D contain graphs of all TC cata collected during the tests. Wall, stack
and pallet TC data were compiled as weighted averages to provide smoothing and these graphs

are contained in Appendix E.

Load Cel} Data

Appendix G shows the raw load cell data obtained from each test. The early coliapse of

the pile which interfered with all three load cells compromised nearly all of the load cell data.

Analysis of the data using various graphical and statistical techniques failed to yield any

meaningful eat release rates for any tests.

Pyrometer Data

Pyrometer signal indicates that the fire size of the tableted test, test 2 was larger than the
calibration test, test 1 but smaller then the granular test, test 3. Figure 4, Appendix E shows the
pyrometer signals obtained from each test. Appendix F contains the raw pyrometer data for each
test. As expected the radiation signal was the strongest during flaming involvement from the
walls. The growth of the calibration test was similar to both the granular and tablet tests and it

is expected that a similar signal would have been reached if flaming involvement of the wall

occurred.



Discassion

Not all of the results from these tests were anticipated. Some of this is due to the nature
of the test plan to conform to envircnmental requircments while others are related to the inability

to predict large scale behavior from laboratory or bench scale tests.

These tests were of necessity conducted out of doors and therefore the biggest single
variable affecting the growth and the appearance of the fires was the wind. Ideally each test
would be conducted under no wind conditicns. However because of the potential toxicity of the
smoke some winds are‘desirable. For the test site itvwas necessary to have winds of 3-5 knots
and a direc'  of west north west to east north east. This combination would move the smoke
in a direction that permitied dispersion before the smoke reached the test site perimeter and/or
provided more than 1 km to public roads and occupancy. It was also desirable to have some
instabilitv in the air to provide vertical as weil as horizontal dispersion/dilution. Preliminary
dispersion modeling indicated the above conditions would provide acceptable levels of carbon

monoxide and chlorine containing species beyond the test site perimeter.

Thermocouple (TC) data from the walls and the stack were affected by the wind. The
wall thermocouple did show some response to the wind conditions for each test. The averaging
of all the wall thermocouple data however gives a relative smoothing of the data and indicates

that the exposure fires on the wall occurred at different times for each test but were similar in

size and strength in the three tests.
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The growth of the fire was more rapid, in the early stages, in the calibration test. Figure
1 Appendix E shows the average wall thermccouple data for all these tests. Temperature increase
during the first 3 minutes of burn was greater in test 1 (calibration) burn thar tests Z and 3.
When stack collapse occurred in test 1 the fire growth was siowed which delayed the wall

involvement until just prior to wall collapse.

The test 2 wall thermocouple growth is similar to test 1, however stack collapse did not
| adversely affect the growth of the wood crib fire and the wind remained into the wall corner.
The wall fire growth in test 2 was faster and high temperatures were reached sooner than the
calibration burn, test 1. The granular burn, test 3 showed a similar wall fire growth sizes as the
calibration and tablet, but at a much longer time due to the stack collapse and from the addition

of the granular trichlor which slowed the growth of the wood crib fires.

The siack thermocouples can be viewed as a relative rate of heat release, these indicate
that the tablet and the granular tests showed similar peak rates of heat release and both occurred
during flaming involvement of the plywood walls. The calibration test thermocouple show
similar growth patterns but a lesser temperature than the granular and tablet tests. This
temperature however did not include flaming involvement of the wall because the wall collapsed
prior to its involvement. A review of the video in comparison to the thermocouple data shows
that peak rate of heat release occurred during flaming involvement of the wall when the fire

plume extended above the corner. No increased burning of the wall from the additicn of the

Trichlor was observed.



Pallet thermocouple data show that ihe calibration test had much faster involvement of the
polyethylere pails than either the tablet or the granular tests. Figure 3 Appendix E shows the
average paliet thermocouple data, discarding a failed thermocouple. The involvement of the
tablet pails was faster then the granular paiis. Both the granular and tablet thermocouple data
indicate similar growth patterns and no enhancement or increased involvement due to the addition
of the Trichlor. The calibration data collection was terminated due to ihe failure of the wall.

However the data to nine minutes indicates that the pails were involved faster than with either

. Trichlor burn.

Conclusions

Based on all of the data obtained including the visual observations during each test no
significant increase in the rate of burning when Trichlor was present was observed. The ordiniry
combustihles present in these tests were pri:marily polyethylene and wood. The presence of
Trichlor and its thermal decomposition products did not materially affect the -rowth rate of the
fires nor the peak rates of heat release. This data and the requirements of NFPA 43A

demonstrate that Trichloroisocyanuric acid in tableted or granular form is a Class I oxidizer.
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Bthylene Glycol: BSpecies Comparisons of In Vitro S8kin Penetration
Following a Single 2Application to the Excised 8kin of Humans and CD-1® Mice

SUMMARY

Bthylene glycol (BG: CAS No. 197-21-1) was evaluated for its skin penetration
characteristics ueing in vitro techniques. PFull-thickness ekin preparations
from female CD-1® mice and female human abdominal skin were used. 14C-Labeled
BG was applied to skin preparations from each species in a flow-through in
vitro skin penetration chamber. 14C-EG was applied both as undiluted chemical
and as a 508 (w/w) agqueous solution in an "infinite dose" manner. For all
experiments., a target dose of 22-28 mg EG/cm? of skin surface was used. This
dose approximzated the dose used in previous in vivo pharmacokinetic studies.
The time course of 14C penetration through these skin samples was measured for
6 hr. The steady-state rate of 14C penetration through skin was determined
from the linear portion of the penetration time course curve. This steady-
state penetration rate was then used to calculate permeability constants (kp)
for both the undiluted EG and the 50% water solution of EG for both species.

For mouse skin. the steady-state rate of penetration for undiluted E° (0.52
mg/cmi/hr) was approximately twice that of the 508 aqueous EG solution (0.22
®»g/cmi/hr). The permeability constants (kp) for the undiluted EG and the 50%
aqueous EG solution for mouse skin were approximately the same (4.68 cm/hr x
10~¢ and 4.36 cm/hr x 10~¢, respectively). Fcr human skin, the steady-state
rate of penetration for undiluted EG (0.013 mg/cm®/hr) was again approximately
twice that of the 508 aqueous EG solution (0.007 mg/cm?/hr). The permeability
constants (kp) for the undiluted EG and the 50% aqueous solution of EG for
human skin were also approximately the same (0.12 cm/hr x 10~¢ and 0.14 cm/hr
x 10~4, respectively).

When these results are compared between species, it is apparent that the
penetration of EG through mouse skin is significantly greater than that
through human skin. The steady-state rates of penetration of both the
undiluted BG and the 50% agueous solution of EG were 30 to 40 times greater
for mouse skin than those for human skin. In addition, the lag times before

thasa steadvestate rates of panatration were attained were significantly
shorter for mouse skin (0.90 - 1.02 hr) than that for human skin (3.07 - 3.10
hr). Species comparisons of the ky values for both the undiluted EG and the
508 aqueous solution of EG showed that mouse skin was 30 to 40 times more
permeable to EG than human skin. Therefore, based on these in vitro results,
the potential toxicity resulting from cutaneous exposure to EG woula likely be
significantly less for humans than that predicted by experiments in mice.
Additionally, since the rate of EG penetration decraased when diluted with
water for both mouse and human skin, the total absorbed dose of EG would be
less for cutaneous exposures to water solutions of EG than for similar

cutaneous exposures to undiluted EG.
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BACKGROUND INFORMATION

The percutanecus ahsorption of ethylene glycol (EG) represents an importont
potential route of entry which is relevant to the human health risk assessment
for this chemical. EG has been shown by in vivo charmacokinetic studies to
penetrate the skin of male and female Sprague Dawley® rats (Frantz et al.,
1988) and female CD-1® mice (Frantz et al., 199la). These studies were
conducted as single dose applications of either undiluted EG or a 50% ajueous
EG solution. The 508 aqueous solution was chosen because it is a common
concentration of EG used as a coolant in automobiles. Some data for EG
penetration through human skin are available (Loden, 1986), but this study had
been conducted using stor-*, frozen ckin and was not conducted in comparison
with skin from the rodent species used in previous developmental toxicity
studies conducted on EC (Price et al., 1985; Tyl et al., 1989).

The data for absorption of EG by human skin can be readily obtained using in
vitro skin penetration techniques and human skin preparations from dcnors
obtained through tissue bark sources. Thus. & penetration time-course was
assessed using excised skin preparations from CD-1® mice, an animal species
previously used for toxicity assessments of EG, in comparison with femaie
human abdominal skin. The study was also designed to determine the recovery
of radioactivity following a 5-hr application of the test substance tc sxin
gamples. As a reference, 14C-labzled ethanol penetration was also mez:sured in
each experiment tc assess the suitability oI each skin sample.

~OSE_SELECTION

The present investigation measured the in vitro percutaneous pene’ration of EG
in mice. This study also used these in vitro techniques to mearure the
percutaneous penetration of %G through human skin obtained fror:. postmortem and
abdominoplasty patients. For all experiments, a target dose of 22-28 mg/cm?
was selected based on previous in vivo pharmacokinetic studies (Fiantz et al.,
1988, 1991a). The actual dore applied was 24-25 mg/cm2.

MATERIALS AND METHODS

g the design
and conduct of this study are included in Appendix 2.

Unlabeled Test Substance

One 100 ml bottle of EG, Lot No. AY07247AY, CAS No. 107-21-1, was received on
Febrrary 2, 1993, from Aldrich Chemical Company, Milwe.:ce, WI, and assigned
BRRC Sample No. 56-42. The test substance was a sligiiv:: viscous iiquid. The
test substance was stored at room temperature. The purity of the test
substance was determined by the supplier to be 99%.

Labeled Test Substance

A sample of 10 mCi of 14C-EG, Lot No. 920106, CAS No. 107-21-1, was received
on January 7, 1993, from Wizard Laboratories, Davis, C2, ard assigned BRRC
Sample No. 56-7. The specific activity was 30 ali/mmc . The test substance
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vas a ligquid. The test substance was stored frozen. The radiochemical purity
of the test substance was determined by BRRC to be approximately 97.12% at the

time of receipt.

Refersnce Radiochemical

lic-Labeled ethanol, CAS No. 64-17-5, was used as a reference radiochemical to
assess the relative penetration and overall integrity of the skin
preparations. A sample of 0.25 mCi of 14C-ethanol, Lot No. 101H9221, specific
activity 8.0 mCi/mmol was received on January 13, 1993 from Sigma Chemical
Co., 8t. Louis, MO and assigned BRRC Sample No. 56-14. The purity of this
reference radiochemical was determined by the supplier to be >98%.

Analytical Chemistry
Analytical Instrusentation

The gas chromatographic (GC) operating parameters for the radiochemical purity
determinations of 14C-labeled EG are listed in Table 1. The high performance
liquid chromatographic (HPLC) operating parameters for the radiochemical
purity Geterminations of 14C-labeled EG are listed in Table 2.

Radiochemical Purity Determinations

An aliquot of 14C-labeled EG was added to a GC or HPLC vial. An injection
volume of 1 gl of the test chemical was injected into the GC. An injection
volume of 10 ul of tlie test chemical was injected into the HPLC. The total
injected radioactivity of each sample on the GC was at least 6,000 DPM for
detection of a 1% impurity above the 30 DPM background. The total injected
radiocactivity of each sample on the HPLC was at least 40,000 DPM for detection
of a 18 impurity above the 200 DPN background.

The radiochemical purity of the 14C-labeled EG was determined by integrating
the amount of radioactivity that comigrated with an authentic EG standard.
HC-BG radioactivity as a percent of the total radioactivity analyzed was the

PP W W ey W
INPULITTCE PUrITY VaLuw.

Table 3 contains a summary of the results for the radiochemical purity
determination of the 14C-labeled EG. The results show that l4C-labeled EG was
at least 97% pures throughout the study.

Animals and Busbandry

Adult female CD-1® mice were obtained from Charles River Laboratories,
Portage, NI. They were approximately 2% weeks o0ld at the time of testing.
Only female mice were used because this study was designed to provide
information that could be used in conjunction with results from previcus
developmental studies on EG that used female tice.

Nice were housed in Room 238 of the Radiation Building from arrival to
sacrifice for obtaining skin samples. Within 2 days of receipt, the animals
were examined by a Clinical Veterinarian, who indicated that the animuls were
in good health and suitable for use. The acclimation prriod was at least 1

week.
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All animals were assigned unigue numbers. Mice were identified by ear tags
and housed in plastic shoe boxes containirg ALPHA-dri™ bedding (Shepherd
Specialty Papers, Inc.). An autcmatic timer was set to provide fluorescent
lighting for a 12-hour pnotoperiod (approximately 0500 to 1700 hours for the
light phase). Temperature and relative humidity measurements (Cole-Parmer
Hygrothermograph® Seven-Day Continuous Recorder, Model No. 8368-00, Cole-
Parmer Instrurent Co., Chicago, IL) were recorded during the study.

Tap water (Municipal Authority of Westmcreland County, Graensburg, PA) was
avallable ad libitum and was delivered by water bottles. Water analyses were
provided by the supplier, Halliburton NUS Environmental Laboratories
(contaminants), Professional Services Industries, Inc. (asbestos), and
Lancaster Laboratories, Inc. (aflatoxin) at regular intervals. EFA standards
for maximum levels of contaminants were not exceeded. Pelleted, certified
AGWAY® PROLAB® Animal Diet Rat, Mouse, Hamster 3000 (Agway Inc.) was available
ad libitum. Analyses for chemical composition and possible contaminants of
each feed lot were performed by Ag.way Inc., and the results were included in
the raw data.

dumar. Skin Samples

Samples of fresh human female abdominal skin, from donors between the ages of
20 and 60 years of age, were obtained from The International Insvitute for the
Advancement of Medicine (IIAM), Exton, PA. In obtaining these tissues, an
abbreviated patient history was supplied and the specimens were tested for and
shown to be free of Hepatitis B Virus (HBV) and Buman Immunodeficiency Virus

(EIV). The tissue was perfused in situ with saline and shipped on wet ice by
a "same day” carrier. Upor receipt, specimens were prepared in the same
manner as skin from mice (see below) and maintained in minimum essential
medium (MEM/d-Valine) until plizced into the skin penetration apparatus
chamber. MEM is Eagle's medium with Parle's salts (Eagle, 1959), 25mM HEPES
buffer (Gibco), and penicillin/stre: :omycin as antimicrobial agents.

Study Organization

Ro formal randomizaticn procedi: was used to assign animals to individual
test groups bacause of the eval’' number of animals used in each experiment.
Animal selection was based u 7. relative uniformity of body weight. Animals
not used for the study were «ithanized or used Zor other testing. The fate of
all animzls not s8¢’ :cted f.r use on this study was documented in the raw data.

The initial experiment was conducted on February 23, 1993 and the final
experiment on October 2, 1383.

Administration o Test Substance and Reference Radiochemical

Prepaxation of Skirn

Skin discs were prepzred by a modification of the method described by Kao et
al. (1883) for excised, full-thickness skin preparations. The mice were given
an anesthetic overdose of M:tofane® just prior to removal of the skin samples.
The fur of these animals was clipped from the dorsal trunk ir the thoracic
region. A piece of clipped skin was removed and placed in a Petri dish
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containing MEN. Skin pieces were gently scraped with a spatula or scalpel to
remove fat and connective tissue. Two l-inch discs from each mouse skin
sample and 6, 1l-inch discs from each human skin specimen were placed in a
Petri dish containing MEM prior to positioning in the chamber.

Application of Dose

14c-3G was applied to skin under a gauze covering as either an undiluted
1iquid or a 508 (w/w) aqueous solution. The volume used was an amount that
covered the entire exposed surface of the skin. 1In addition, an “infinite
dose” or an amount of BEG that would not be entirely absorbed by the skin
during the 6-hr exposure period was used. The opening in the chamber was
sealed with a glass stopper during experiments to prevent evaporative losses.
A target radiocactivity lsvel of 5-10 uCi and a target amount of 22-28 mg/cm?
of skin surface was applied to each skin disc. The concentrations of EG and
the levels of radioactivity in dosing solutions were determined oy liquia
scintillation spectrometry (LSS).

The 14C-ethanol was radiodiluted with unlabeled ethanol and 250 gl applied as
a 25% (v/v) aqueous solution in the same manner as the radiolabeled test
sutstance to 1 skin disc from each animal skin prenaration and to 2 skin discs
from each human skin preparation. The concentrations of ethanol and the
levels of radiocactivity in dosing solutions were determined by LSS.

In Vitro Nethodology

The techniques and apparatus used were a modification of the methods and skin
chamber design previously described by Holland et al. (1984). A schematic
representation of the chamber design used in this study is shown in Figure 1.
The use of this chamber in a standardized method has been previously described
and evaluated (Frantz et al., 1990), and has bsen successfully used in
previous in vitro studies (Tallant et al., 1990; Frantz et al., 1991b). The
dermal surface of the skin preparations was bathed with the MEM medium
described by Kao et al. (1983) at a flow rate of approximately 2.5 al/hr fcr
at least 20 =isutes prior to application of test substance. 315C-EG was
applied to the exposed epidermal surface (1.77 cm?) of each skin disc through
the openings in the upper plate of the chamber. During the sampling period,
media effluent was collected directly into empiy scintiliation vials, mixed
with LSS cocktail and analyzed by LSS. At the end of 6 hr, skin pieces were
removed from the chamber, placed in a Petri dish, and any unabsorbed dose was
removed from the skin using water-wetted cotton swabs, which were placed in
scintillation vials. 8kin discs were then rinsed with water and tinse samples
analyzed by LSS. The remaining skin samples were combusted in a biological
oxidizer for inclusion in the calculation of total recovery. Similar methods
vhere used to measure the skin penetration and mass balance of the reference
chemical, 14C-ethanol.

Data Processing
Nass Palance Determinations
The recovery of the applied radicactiv- dose of both 14C-EG and 14C-ethanol

vas conducted at the termination of each experimcat. This was done to
determine a rass balance, which consisted of the amount that penetrated the
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skin and into effluent media, the amount of unabsorbed dose which could be
removed from the skin surface, and the amcunt of residual chemical left in the
skin vhich wes inaccessible to removal by the water rinse.

Determination of Permeability Constants

The fiaction of 14C-EG and 14C-ethanol that penetrated skin (cumulative
percent absorbed) was determined from the sum of effluent radioactivity
divided by the mean amount of radioactivity applied to skin samples. The
pseudo-stcady-state penetration rate was computed by plotting interval l4c
values (ncrmalized tc mass per unit surface area) versus tire and then taking
the slope from the linear portion of the curve. A correlation coefficient of
>0.99 was used as the criteria for including data in this linear regression
calculation. From these results, the comparative rates of penetration for the
2 species were determined These steady-state rate constants were also used
to predict the peicent penetration of both undiluted and the 50% aqueous
sdluticn of BC after 12 and 24 hr ¢f continuous contact with both wouse and

human skin.

Permeability constant (kp) values were calculated as described oy Bronaugh

et al. (1982) for 14C-EG and !4C-ethanol applied to mouse and human skin.

Tiis was done by dividing the calculated steady-state penetration rates by the
initial concentrations of the }*C-EG or i¢C-etharncol applied to the skin.

RETENTIUN OF RECORDS

All raw 3ata, documentation, the protocol, amendments, and a copy cf the final
repoxt generated as a result of this study will be retained in the BRRC
Archives for a: least 10 years. A reserve sample of the unlabeled test
substance was stored in the BRRC Arczhives. A reserve sample of the
radiolabeled test substance was not retained due to the instability of the
radiochemical.

RESULTS

Reference Radiochemical Skin Penetration

A 25% aqueous solution of 14C-labeled ethano. was used as a reference
radiochemicai to evaluate the relative penetration and overall integrity of
each skin preparation. The results for this chemical on mouse and human skin
(Table 6 and Figure 2) showed that mouse skin penetration by ethanol was
approximately 158 of the applied dose after 6 hr, while the penetration of
ethanol through human skin averageé 7.5% over the same period. These results
showed that the penetration of this reference radiochemical was in the normal
BRRC historical range of 4-43% and 3-3t% for mouse and human skin
preparatiocns. respectively. Therefoie, the overall integrity of each skin
preparation was normal and the skin preparations were suitable for use in this
study. Individual data of these results are is.cluded in Appendix 1.

.Page 10 of 78
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Nas ance Determinations
- Mouse Skin Preparations

An undiluted EG dose application to mouse skin preparations resulted in 10.8%
of the applied 4C dose being recovered in effluent samples (Table 4) after 6
hr. The largest recovery fraction for this undiluted dose was the unabsorbed
dose residue (73.2%) removed from the skin surface at the end of the
experiment. Nore of the dose was also recovered from the skin disc after it
wvas rinsed (4.7%) and combusted (1.9%). The average recovery was 91.9 + 0.9%
for the 3 mouse skin samples evaluated.

For the 50% aqueous dose application of EG to mouse skin, about 4.4% of the
14C was recovered in effluent samples by the end of the 6~hr measurement
period (Table 4). MNost of this dose was unabsorbed dose residue (62.6%)
removed from the skin at the end of the experiment. An additional 5.8% was
rinsed from the skin after removal of the unabscrbed dose and 1.6% was
recovered after combusting the skin sample. An average of 75.0 t 1.6% of the
applied radiocactivity was recovered. 1Individual data of these results are

included in Appendix 1.
Human Skin Preparations

Of the undiluted 14C-EG dose applied to human skin preparations, 0.14% vas
recovered in effluents (Tables 4 and 7). The largest recovery fraction was
found in the unabsorbed dose residue (68.9%) that was removed from the skin
surface at termination. More of this dose was recovered in the water rinse of
the skin disc (5.3%) and in the skin after combustion (2.1%). The total
recovery was 76.5 ¢ 10.3% for the 6 human skin samples evaluated.

When a 508 aqueous EG solution was applied to human skin preparations, 0.08%
of the 14C dose was recovered in the effluents (Tables & and 7). Most of the
dose was recovered in the unabsorbed dose residue (83.6%8) with 3.7% recovered
in tha skin rinse and 1_4% in the akin after combustiscn, Overall, 25.7 2 5.7
of the original 4C dose applied was recovered at the end of this 6-hr
determination. 1Individual data of these results are included in Appendix 1.

ithzicne Glycol Skin Penetration
Nouse Skin Preparations

For the undiluted 14C-EG applied to mouse skin, the time-course for the
appearance of 14C in effluent samples is illustrated in Figure 3. The steady-
state (linear) phase of this curve extended from 3 through 6 hr. The lag time
to reach a steady-state penetration rate was calculated to be 1.0 hr. The
penetration rate was calculated to be 0.5204 mg/cm?/hr (Table 5). In
addition, steady-state projections of a 12- and 24-hr absorbed dose were 24%
and 508, respectively (Table 6). The kp £or mouse skin penetraticn of
undiluted BEG wvas calculated to be 4.68 x 10~¢ cm/hr.

For the 50% agqueous 14C-EG dose applied to mouse skin, the time-course for the
appearance of 14C in effluent samples is illustrated in Pigure 4. The steady-
state (linear) phase of this curve extended from about 3 hr through the end of
the 6-br measurement. The lag time to reach a steady-state penetration rate
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vas c2lculated to be $.9 hr. The penetration rate was calculated to be (.2179
mg/cai/hr (Table 5). Steady-state projections of a 12- and 24-hr absorbed
dose were 9.6% and 20.0%; respectively (Table 6). The kp for mouse skin
penetration of the 50% aguecus solution of EG was calculated to be 4.36 x 104
ca/hr. Individual data of these results are included in Appendix 1.

Busan Skin Preparations

For the undilnted 14C-EG applied to human skin, the time-cuurse for the
appearance of 4C in effluen: samples is illustrated in Figure 3. The gteady-
state (linear) phase of this curve extended from 4.5 through 6 hr in this
measurement. The lag time to reach a steady-atate penetration rate was
calculated to be 3.1 hr. The penetration rate was calculated to be 0.0130
mg/cm?/hr (Table 5). Steady-state projections of a 12- and 24-hr absorbed
dose were 0.48% and 1.13%, respectively (Table 6). The kp for human skin
pPenetration of undilu ed EG was calculated to be 0.12 x 104 cm/hr.

For the 50% aqueous - -EG dose applied to human skin, the time-course for the
appearance of 14C in .ffluent samples is illustrzted in Figure 4. The stecady-
-state (linear) phase of this curve extended from 4 hr through the end of the
6-hr measurement. The lag time to reach a steady-state penetration rate was
calculated to be 3.1 hr. The pepetration rate was calculated to be 0.0070
mg/cm?/hr (Table 5). Steady-state projections of a 12- and 24-hr absorbed
dose were 0.26% and 0.60%, respectively (Table 6). The kp for human skin
penetration of the 50% aqueous solution of EG was calculated to be 0.14 x 10-4
cm/hr. Individual data cf these results are included in Appendix 1.

LISCUSSION

The steady-state rate of undiluted EG absorption through mouss skin was
approximately twice the rate of penetration of a =0% agqueous EG solution.

This result was expected since the rate of chemical penetration through skin
is known to be directly related tc its concentration. The oermeability
constant (kp) for both undiluted EG and the 50\ aqueous solution of EGC for
acuse skin was approximately the same. Again, this latter result was expected
since k; is the measure of skin permeability of a chemical for a given species
that is independent of chemical ccncentration. Similar differences were found
for the peneiration of undiluted EG and the 50% aqueous solution of EG through
human gkin. However, when these results are compared across species, it is
apparent that the penetration of EG through mouse skin is significantly
greater than that through human skin. The rates of penetration of both the
undiluted EG and the 50% aqueous solution of EG were 30 to 40 times faster for
mouse gkin thar for human skin. When comparing the kp values for both the
undiluted BG ana the 508 aqueous solution of EG, again mouse skin was found to
be 30 to 40 times mcore permeable to EG than human skin. The differences in
the lag times of penetration before steady-state penetration ratei werc
achieved (approximately 1 hr for mouse skin and 3 hr for human skin) again
suggest that mouse skin is significantly more permeable to EG than human skin.
Also. because of this difference in lag times, the amcunt of EG absorbed
follcwing a relatively sghort-term exposure situation wouid be additionally
reduced for humans as compared to mice.
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In summary, for both mouse and human skin, when BEG was diluted 50% with water,

~ the rate of BG penetration through skin was approximately half that of the

undiluted BG. However, mouse skin was found to be 30 to 40 times more
permeable to EG than human skin. Thus, results from percutanenus toxicity
studies using the mouse mey significantly overestimate the poteatizl human
health risk from cutanecus exposure to EG. In addition, since EG is cosmonly
used as a solution in water, for example, as an engine coolant in automobiles,
the total dose absorbed for a given cutaneous exposure to a water solution of
BG would be less than that if the same exposure involved undiluted EG.

CONCLUSIONS

Husan skin was found to be 30 to 40 times less permeable to EG than mouse skin
in yitro and the lag time before steady-state rates of penetration were
achieved vas approximately 3 times longar for human skin than that for mouse
skin. In addition, the rate of BEG penetration through both mouse and human
skin vas reduced to approximately half when the EG was diluted to 508 with
water. Based on these in vitro results, the potential toxicity resulting from
cutanecus exposure to EG would probably be significantly less for humans than
for mice and the total absozbed dose of EG in either species would be less for
cutaneous exposures to water solutions of BEG than for similar cutaneous
exposures to undiluted EG.
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Bthylene Glycol: Species COupa:llons of In Vitro Skin Penetration
Following a 8ingle Application to the Excieed Skin of Humans and CI~1® Mice

Protocol, Protocol Amendments and Protocol Deviaticn
(20 Pages)
The Material Safety Data Sheet (Attachmeat 2}

that was included in the protocol has been removed due to
illegibility as a result of being reproduced for the report.
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Zest Animale
Species and Strain c0-1® aice
Sepplier Charles River Laboratories, Portage, NI
Raticsale This species and strain has been chosen becaurne of
prior cutanecus testing experience in this laboratory.
Waber and Sex At least € females.
Age The mice will be approximately 7-10 weezs at the time
of testing.
Mcclimation and Shortly after their arrival at tiae ladoratory, the

Pretest Bvaluations animals will be transported to the room selected for
bolding prior to the study. Once in the room, the
animals will be removed from the shipping cartons and
exanined. Al)l animals vith evidenc: of dissase or
physical abnormalities will be discarded and the
reason foz rejectica will be recorded. 1f an
unusually large number of animals shows evidence of
disease or physical abnormalities, the entire shipment
of animals vill be zejected for use in the study.

The animals will be examined for health status by the
BRRC clinical veterinarian. The animale will be
acclimated to the laboratory envirooment for at least
3 days prior to obtaining the skin. Due to the short
duration of the experiments, animals will only be
inspected for signs of general ¢good health.

ldentification Bach animal will be assigned a unigue identification
number and identified by metal eatr tag prior to the
initiation of the study. No formal rardomization
procedure will be used to assign animals to test
groups because 0of the small number of animals used in
each experiment. Reccrds vill be kept documenting the
fate of all animals re«ceived for the study.

Conditions Prior to use in ihe study, animals will be boused in
plastic shov boxes containing ALPEA-Ari™ (ghepherd
Specialty Fevers, Inc). Temperature and huajdity in
the dolding .oom will be recorded continucusly using
an autcmatic recorder. Temp ature will be maintained
at 66-77*Y and relative humidity wiil be maintained at
40-708. Temperature and humidity will be checked by a
technician at each room check and a record will be
kept indicating that it was done. Appropriate
corrective action will be taken whenever readings
outside the specified limits ar¢ observed.
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The accuracy of the temperature and humidity recording
devices will be checked periodically and calibzatsd
when aecessary. The verification and calibration data
will be recorded. Any time the continuous recording
equipment is found to be malfunctioning, the
temperature and humidity of the animal room will be
manually recorded at each room check.

Az automatic timer will be set to provide fluorescent
lighting for a 12-hour photoperiod (approximately 0500
to 1700 hours for the light phase). In the animal

room, there will be at laast 10 air changes each hour.

Diet Pelleted, certified AGWAY® PROLAB® Animal Diet Rat,
Mouse, Fumster 3000 (Agway Inc.) will be available
2d libitum. The analyses of chemical compcsition and
possible contaminants of each batch of diet will be
performed by Agway Inc. and the results of the
analysas will be reviewed by the Study Director.

Water Tap water (Municipal Autheority cf Westmoreland County,
Greensburg, PA) will be available ad libitum by an
automatic watering system with demand control vaives
mounted on each rack. Water pressure and function of
the indiviénal cage rack systems will be checked at
each room check, and a record will be kept indicating
it was done. Drinking water contaminant levels will
be measured at ragular intervals according to EPA
specifications, to include the "priority* pollutants,
and will comply with human drinking water
requirements. The results of the analyses will be
reviewed by the Study Director.

Buman £kin Sazples Bamples of fresh human female abdominal skin will be
obtained from = sultabls 2cures. In ohtaining these

tissues, a complete patient history will be supplied.
Tissues will be tested for and shown to be free of
Bepatitis B Virus (HBV) and Buman Izmuncdeficiency
Virus (BIV). It will also be specified that the
tissues must be fresh with regard to metabolic
capacity. This will include that the tissue will be
perfused in situ with saline and shipped on wet ice by
a "same day" carrier. Upon receipt, specimens will be
prepured as for skin from cther specics and maintained
in sinimur essential medium (MEM/4-Valine)*® until
placed into the coamber,

* Eagle’s medium with Earle‘s salts (Magle, ¥, (1959, Bcience, 130. 432) and
I5mM HEFES buffe. (Sibec)s with penicillin/streptomycin as antimicrobial
agsots.




BRRC Report 92N1191

Appendix 2
Page 7

SRRC Project 92K1191
Page 6

Majnistrativn of Test 8.istance

Preparation
of 8kin

Application
of Dose

In Yitro Methodology

The mice will be given an overdose of anesthesia. The
fur will be clipped from the dorsal trunk of the
animal ir tde thoracic region. Care will be taken to
avoid adrading the skin. Por processing of animal
skin, a piece of clipped skin (approximately 6 x 6 cam)
will be removed and placed in a petri dish containing
MEM to keep it moist; buman skin will be received in
MEM from tbe hospital and processod similarly to
anima) skin. The skin piece will be place2 on a
dissecting board and scraped with a spatula to remove
fat and connective tissue. Two l-iach discs from the
animal skin piece and six 1-inch éiscs from bhuman shin
specimens will be removed and placed in a petri dish
with several ézops of MEM to keep moist before placing
in the chamber.

The 14c-BG will be applied as eituer undiluted or as a
508 aquecus solution with Nilli-Q®-filtered water
(CAS No. 7732-18-5) in an asount sufficient to produce
a target radicactivity lewel o at least 5-10 uCi/skin
preparation aud a target concenttatiom of
approximetelr 215230 mg ‘ca’ of skin surface: the
actus’ amounts doscd <ill correspoud to the previous
4{n vive cutanecus dnaes (Prantz et al. 1988, 19%1b)
and will be documentid in tie stud; records and final
zep0rt. Agquecuc 4c3es will alsc be applied in the
sase ng/cm? asounts es in the previous in vivo
studisc. Dosing solutions will be analyzed om)y by
quen{ . ficaiion of radioactivity b, liquid
scintilletion spectromctry.

The foilowing methodciogy will be used to conduct the
experiments defined in tixe ctudy design summary table
contained in Attachment 1 to this protocol.

Discs of skin will be prepared by a modification of
the methud described by Rao et al. (1983) for full-
thickness excised skin preparations. The technique
used is a modification of the methods and skin chamber
described by T'slland et al. (1984) which has been
verified by Prantz et al. (1990) and successfully used
in previous studies (Prant:z et al., 19%1a; Tallant et
§l., 1980). The skin specimens will be placed intc
the chamber ané the dermal surface of the skin
preparations wlill be perfused with the NEN described
by Kao gt 2l. (1983) at a flow rate of approximately
2.5 ml/hr for at least 30 minutes prior to application
of teat substance. Test substances wili be applied
either as a neat material or in an aqueocus sclution to
the exposed epidermal surface (1.77 cm?) of each skin
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disc through the openings in the upper plate of the
chamber. Media effluent will be voided directly into
espty scintjllation vials and an aliguot of the
effluent or the entire effluent will be dissolved into
liquid scintillation cocktail. These samples will
then be counted for 14C activity in a liquid
scintiliation spectrometer. %The amount of test
substance which penetrates will be presented as
cumulative percent absorbed radicactivity determined
from the sum of counts found in the effluent media
tivided by the mean dosing solution counts. The
penetration rate vill be computed by normalizing
interval radiocactivity walues to an kourly rate and
plotting thesa values &t the midpeint of the
Deasurement inuterval.

Upon termination of the experiment. the skin pleces
vill be removed fror the chamber and placed in a petri
4igh for further removal of the remaining dose; any
unabsorbed dose will ba removed {using water~wetted,
cotion swabs) from the skip &nd placed in a
scintillation vial. These sanples will be
radicassayed by liquid scintillation spectrometry for
inclusion in the calculation of total balance. The
skin saaples wiil be stored frozen until aralyzed
(combusted directly i a bioclogical oxidizer or
pulverized at liquid E; iemperaturss in a
freezermill®

The amount cf test substance which penct ates ski:z
will be prasented as cumulative percent abacrbed 2G
and will be determined from the amount of test
substance found in the effluent nedie divided by the
amount of test substance agplied to sach askin
Freparation. The pseudc ateady-state penstration rate
will be detsreined from interval tcst substance
values, calculated as the cumulative mg/ca’ absorbed,
and an hourly rate will be taken from the linear
aegzent of the curve after plotting these vaiues
versus time (data plotted at the *udpoint of the
®ecsurement interval). Permeadility constants {(kp)
13f & and sthanol will be calculated using the
following formula described by Bronsugh ex al. (1962):

Sxand, Seate Hbecrption Rate @agi‘m‘“/’u)

Bp {is sahrl w

initisl Bwes Comcsntyatisa ﬁq;’m’}

onal caloulaiions of the projected apount of EG
netrate ibhe askie proparation at contact
e &-hr determinstion will bz caleulated
resalion and sorrected for surface ares
zrive the amount gbsorbed at the
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Analytical Chemistry Adaptation of an anmalytical method from Prantz et al.
(19915) for the characterization/identification of the
chemical which penetrates into effluent media will be
included. The number of samples for analysis will be
selected at the discretion of the Study Director, and
e detalled description of the ssthods employed will be
documented in the study record- and the final report.

Altezations to this protocol may be made as the study progresses. B0 changes
in the protocsl will be made without the specific written request or ccansent
of the Sponsor. In the event that the Spoasor authoriser a protocol change
vezbally, such change will be bhomored. Bowever, it then becomes the
zesponsibility of the Sponsor to follow such verbal change wi:k a written
verification. BRRC reserves the right to revise the protocol or deviate
therefrom solely at the discretion of the Study Director if prior approval of
the Sponsor cannot be obtained and the integrity of the study is considared in
Jeopardy. In this event, the Sponsor will be notified of the alteration as
soon as possible, and documentation of the change will be the responeibility
of the Study Director.

All rav data, the protocol and any amendments, and a copy of the final report
generated as a result of this study will be retained in the BRRC Archives for
at least 10 years.

Prior to discarding any of the above data or materials, the Sponso: will be
contacted and given the option of obtaining it or arranging for continued
storage. All data and materials mentioned above will remain the scle property
of the Sponsor and can be removed from BRRC at the Sponsor's discretion.

22§ RADYOACTIVE SAMPLES
samples vill be disposed of by laboratory SOP when the final report is isaued.

REPORT

Dragt Report

An wnaudited draft of the final report wvill be submitted tc the Sponscs
approximately 4 months aftar the completion ¢f the last sxpeciment. This
zeport will be a comprehensive report which will include all information
necessary to provide a complete and accurate description and evaluation of the
test procedures and results. It will include: & sumsary; appropriate tesxt
discussions of the experimental design, materials and methode and results; axd
summary mcan and individual tadles of radicactive recovaries and graphic
representation of skin penetration. %Two copies ol ™+ draft report will be
provided to the Sponsor.

T ¢
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Pinal Report

The draft final report will be reviewed by the Sponsor, and comments on the
report will be provided to BRRC within 0 wesks from the date of submission of
the draft version. BRRC will consider tbese comments in preparing the finmal
report. Assuming the Sponsor‘s cozaents are received at the specified time
and no major ievisions are required, BRRC will submit a final report within 12
weeks of iasuance ¢f the draft report. The finzl report will de audited by
the Quality Assurarce Unit and contair & signed quality assurance statement.
One original and oue copy of the final reprrt will be submicted to the

Sponsor.
AKIMAL USE PCLICY

It is the coal of BRRC, th.ocugh the establishmert and activities of the
smatitutional Animil Care and Use Committee. ¢+ comgly with the U.S. Animal
Welfers Act and the szbsequent rules promulgsisd by the U.S. Department of
Agrizulture and in efiect on the date of this protccel. It has bean
getermined that the work described hsraxis winimizen the number of animala
s¥ed, is necessary, and uses the most appr.priate species and strain im orde-
t0 provide meaningful resulte and the mcs’ uscful information for ccaparative
purpcses relative to previcus studies. Puciharmora, this study will be
conducted humanely., and tc the best of ovr knowledge, neither unnecessarily
duplicates any previous work, nor can 't e acccaplished using currently
available, validated nonanimal mode.z.

GOOD LABORATORY PRACTICE COMPLIARCE

BRRC, through the administration of a quality assurence pregras by tde Good
Lad>cratory Practice Committee and Quality Assurance (pit, assures comep! lance
of all phases of stulies conducted at BRRC with #xisting regulations and
gauerally acceptel good laboratory practices.

Tae study will be subjected %0 periodic inspections znd the #iaal report will
be reviewed by the BRRC Quality Assurance Unmit.
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Attacheent 1

Ethylene Glycol In Vitro 8kin Protocol

Rusder
of Aniaals
Experiment Co_gtudy — Description

1. Probe Mouse Skin 3¢ Preliminary evaluation of S0%
Study Segment agueous sclution (215-260
pg/ce?; 20 determine in vitro
tise-~course; € hr duration, 15
minute - .ection intervals.

2. Definitive Mouse Definitive study with 508
$kin Izvestigat.cn agquious BG solution.

3. Delinizive Mouse Definitive study with
$kiz Investigation undiluted EG.

Numbers of Human
Exper iment Skin Samples Lescription

4. First Pemalnr § akin Zvaluation of aguecus
Buman Skin ooeparations and undiluted EG (plus
Sample positive controls).c*

S. Second Pemale 6 skin Bva’uation of agqueous
Human £kin preparziions and undiluted BGC (plus
sSample positive controls).v*

6. Third Female [ Bvaluation of aguecus
Human Skin : 2t 22 and undiluted BC [plus

Sazple positive controls).*e

* Feuales only 1o be used; I skin preperations/anissl.
*+ N=2 akin preparaticms for aguegvs and undiluted BG. plus ps2 controls.

®ote: This da3ign aay be sodifiad following consultation with the Sponsor
regardiog the sasults of the probe mouse skin investigation. SBuch
modifications will be formally asended o the study protocol.
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The Material Safety Data Sheet (Attachment 2; Pages 12-17)
that was included in the protocol has been removed due to
illegibility as a result of being reproduced for the report.
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SUMMARY

Previous studies have shown that the onset of ethylene glycol (EG)-induced
developmental toxicity corresponds with a dose-dependent shift in EG
metabolism, leading to accumulation of a weak acid metabolite, glycolic acid
(GA), and a resultant metabolic acidosis. Although neutralization of acidosis
ameliorates some of EG's developmental toxicity, it was not known if other
factors were also invelved. To gain more insight as to the proximate toxicant
for EG-induced develop rental toxidty, the effects of GA vs. parent EG were
comparad in whole embryo culture. Day 10.5 rat embryos were cultured for 46
h in media containing 0.5, 2.5, 12.5, 25 or 50 mM EG (all pH 7.5) or with GA at
these same concentrations (pH 7.5-4.3). These concentrations spanned the
range of peak maternal plasma levels observed at a NOEL dose (11 mM EG, <
2 mM GA), LOEL dose (21 mM EG, 2 mM GA) or dose causing malformations
(43 mM EG, >13 mM GA}. EG up tc 50 mM ind GA at £ 2.5 mM were
essentially without effect, while 12.5 mM GA significantly inhibited embryo
growth, protein content and morphology score. Higher GA levels were
lethal. Dysmorphogenesis, mainly of the craniofadial region, was found in
70% of the 12.5 mM GA embryos vs. 0% in controls. To determine the role of
reduced pH in vitro, a second experiment was conducted in which embryos
were cultured in 12.5 mM GA (pH 6.7), 12.5 mM sodium glycolate (pH 7.4) or
in control medium (pH 7.4 or 6.7). Similar to Experiment 1, 12.5 mM glycolic
acid @}i 6.7} inhibited embryo growth, protein content and morphology score,

with 67% of the embryos exhibiting dysmorphogenesis. Glycolate at pti 7.4

upport the hypothesis that EG
in metabolism leading to high levels

ing both through its own intrinsic

metabolic acidosis.
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INTRODUCTION

Ba u

It is weill known that large ~ral bolus doses of EG can lead to systernic and
developmental toxicity. However, potential exposures from typical indastrial
and consumer uses of EG ar  ach more likely to occur via the dermal or
inhalation routes. In order to address questions regarding the developmental
toxicity potential of various exposures to EG, a working model was developed
by the EG Toxicology Research Task Group of the Chemical Manufacturer's
Association which integrated the animal developmental toxicity data with
the extensive data base describing the absorption, metabolism,
pharmacokinetics and mechanisms of systemic toxicity for EG in both
animals and humans (Carney, 1994).

One of the critical features of the hypothesized model is that developmental
toxicity is not caused by EG directly, but by its weak acid metabolite, giycolic
acid (GA). Generally this metabolite is present at low levels. However, the
oxidation of GA by glycolic acid oxidase is a rate limiting step in the EG
metabolism pathway and cxhibits saturation kinetics at high substrate
concentrations. Thus, large bolus coses of EG lead to accumuiation of this
metabolite (see table below). Interest in GA as the possible developmental
toxicant is based on the following cvidence: (1) a high degree of
correspondence exists beiween the onset cf the metabolic shift lading to GA
accumulation and the occurrence of developmental toxicity (2) doses given by
gavage (high dose-rate) are much more effective at inducing developmental
toxicity than the same dose administered .n the diet (e, lower dose-rate) and
(3) GA is known to be the proximate toxicant for EG-irduced acute systemic
toxicity .
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Peak plasma ievels of EG and GA foliowing single oral doses of EG in female

Sprague-Dawley rats.

Developmental effects CmaxgGl CmaxGA
Dose (mg/¥g) in vivo (mM/L) (mM/L)
10 None 0.2 0.0012
500 NOEL {10.7) na
1000 1OEL (decr. fetal weight) 214 22
2500 Maifermations (53.6) >133

1 From Frantz et al. (1994). Values in parentheses are interpolated via linear
regression analysis.
< From Frantz et al. (1994}, na=data not available.
3 From Hewlett et al. (1989). Cmax for 2000 mg/kg oral dose, male Sprague-
Dawley rat = 13 mM/L.

Another factor which comes into play upon accumulation of GA is the
induction of a maternal metabolic acidosis. Metabolic acidosis has been
amply shown to be the cause of the major systemic manifestations of acute EG
poisonin, in animals and humans. Treatments which either inhibit glycolic
acid forr ition (e.g. 4-methylpyrazole) or neutralize the acidosis (bicarbonate
infusion) are effective in preventing toxicity (Clay and Murphy, 1977; Jacobser:
et al., 1984; Hewlett et al., 1989; Karlson-Stiber and Persson, 1992). Khera
(1991) infused bicarbonate into pregnar ats injected subcutaneously with
3,333 mg/kg of EG on gestation day 11 and found that many, bui not all,
developmental effects were ameliorated. This indicated that metabolic

‘ > for at least some of the developmental efiects

G caused developmental toxiaty due to rapid absorption by
leading to high substrate concentrations saturating
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metabolic acidosis. Conversely, the lack of developmental toxicity following
most dermal and inhalation exposures was considered to be due to the slower
dose rate associated with these routes. Under such conditions, plasma levels
of EG would be low, allowing for complete oxidation to carbon dioxide
without accumulation of GA or induction of metabolic acidosis.

Areas of uncertainty.
Although metabolic acidosis was shown to b2 responsible for some of EG's

effects, the fact that bicarbonate co-administration did not completely
ameliorate the developmental toxicity associated with EG administration left
open the possibility that other factors were also involved. It has been
suggested that serum hyperosmolality (Khera, 1991), a direct toxicity of parent
EG (Grafton and Hansen, 1987) or a direct toxicity of GA (Carney, 1994) might
also be responsible for some of EG's toxicity. The effect of hyperosmolality on
embryo development had not been tested, nor had there been any studies on
the developmental toxicity of GA. Although one study (Grafton and Hansen,
1987) tested the effects of parent EG on rat postimplantation embryos
developing in culture, this study was not considered relevant for risk
assessment due to the extremely high exposure concentrations used in the
culture medium (531 and 710 mM/L). These concentrations were 25-33 times
higher than peak blood concentrations following ar acutely toxic gavage dose

of 1000 mg/kg in rats. Lower exposures which might reflect plausible blood

Vi AUV i

levels in vivo were not tested.

bjcctives.
This study addressed the above areas of uncertainty through the use of rat
whole embryo culture. Experiment 1 compared the effects of EG and GA on
rat gestation day 10.5 whole embryo cultures in order to test the hypothesis
that GA, not parent EG, is the proximate developmental toxicant.
Concentrations tested spanned the peak plasma concentrations of EG and GA
associated with NOEL, LOEL and high doses of EG given in vivo, thus linking
the in vitro data with in vivo pharmacokinetics. Experiment 2 addressed the
contribution of reduced medium pH in causing effects foilowing GA exposure
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in culture. Finally, measurement of medium osmolality was used to gain
verspective on the effects of hyperosmolality on embryu development.

Whole embryc culture was chosen as the appropriate test system for a
number of reascns. First, the use of an in vitro system allows one to conaol
variables such as pH and test material coreiitration. Secondly, embryos at
this stage of development lack the enzyn.es necessary t0 metabolize EG (this
is accomplished by the alcohol/aldehyde debydregenase system ot maternal
liver). Therefore, the contounding effects of maternal metabolism are
avoided (parent EG irn the culture medium remains as EG). Third, the whole
embryo culture system utilized intact conceptuses cultured within their
visceral volk sac and amniotic membranes. Development in this system
closely mimics in vivo development during the period of culturc (Brown,

39¢- Carney,

b

Statement of GLP practice.

This study was conducted to the greatest extent possible in accordance with
the Good Laboratory Practic» (GLP; guidelines listed btelow. However, as i
was designed as an expioratory studv for which there are no specific
regulatory testing guidelines, it was not intended ic meet all specific GLP

reqgiirements sted therein:

5

{1) United States Environr -ntal Protection Agency (USEPA): rIFRA Good
= Standards {Fmnal Ruie}; Toxic Substarnces Control Aci;

Dl

Laboratory Prantic
Good Laboratory Standards (Final Fule)

{2} Organisation for Economic Co-Cperation and Development (OFCD): Good

Laboratery Practice Procedures (OECD, 19577

)

—
3 » e vay
W SN AYS

s

¥ -
A Laboratory

ol
>
-
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(4) Standard Operating Procedures (SOPs) of The Toxicology Research
Laboratory of the The Dow Chemical Company.

In addition, in response to the Final Rules amending the U.S. Animal
Welfare Act that were promulgated by the U.S. Department of Agriculture
effective October 30, 1989, the Animal Care and Use Activity (ACUA) that is
required for the conduct of this study was reviewed and given full approval
by the Institutional Animal Care and Use Committee (IACUC). The IACUC
determined that the proposed Activity is in full accordance with these Final
Rules. The IACUC assigned File No. Metabolism 02 to this ACUA.

Quality assurance statement.

Permanent records of all data generated during the course of this study, the
protocol, any addenda to the protocol, and the final report were available for
inspection by the Quality Assurance Unit. All data generated including the
protocol, addenda, and final report were archived at Health and
Environmental Sciences, The Dow Chemical Company, Midland, Michigan.

MATERIALS AND METHODS

Culture methods.

On gestation day 10.5 (day of sperm-positive vaginal smear or copulation plug
designated day 0.5), pregnant rats were anesthetized with methoxyflurane and
exsanguinated via the abdominal aorta. Gestation day 10.5 was chosen to
correspond with previously described whole embryo culture (Grafton and
Hansen, 1987) and single dose teratology/maternal homeostasis (Khera, 1991)
studies. Rat serum was prepared by immediate centrifugation followed by
heat-inactivation of complement proteins for 30 minutes at 56° C. Serum was
stored at -80 C for use in subsequent experiments. Serum from male rats was
also used when necessary. Previous work in this laboratory and others has
shown no difference between these serum sources in supporting embryo

development (Carrey, unpublished data; Cockroft, 1990).
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Dissection and culture of embryos generally was conducted as described by
Cockrott (1990). Briefly, conceptuses were dissected free of decidual tissue and
Reichert's membrare, leaving the visceral yolk sac and ectoplacental cone
intact. Early somite stage embryos were then transferred to culture bottles
containing pre-warmed, pre-gassed test or control culture media. Pre-somite
or advanced somite stage embryos were not cultured. The culture bottles
vere maintained in a continucus gas flow rotating culture unit (BTC
Engineering, Cambridge, England) at 37° C for approximately 46 hours.
Among the embrvologic structures undergoing major development during
this period included the yolk sac, allantois; heart, brain, ears, eyes, olfactory
system, facia’ structures, neural tube, limb buds and vertebral column

{somites).

Culture medium.
The culture medium was eemp{}sed of 75% immediately centrifuged, heat-
inactivated serum collectad from a rats {Cockroft, 1990) and 25%

RAKEL A

Dulbecco's Modified Eagle’'s Medium (D-M ‘M).

Test materials.

Chemical name: Ethyiene glycol (EG) Glycolic aad (GA)
CAS number: 107-21-1 79-14-1

Formula: OH-CH-CH>-OH OH-CHZz-COOH
Formula weight:  62.01 daltons 76.05 daltons

Source: Ajdr‘ch Chemica!l Co. Aldrich Chemica! Co.
Lot 07053]Z 06608MZ

Puritw: GG 98% 99.7%
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Chemical name: Sodium valproate (VPA)

CAS number: 1069-66-5

Formula: CH3-CH2-CH2-CH(CH2-CH2-CH3)-COO- Na+t
Formula weight: 156.2 daltons

Source: Sigma Chemical Co.

Lot: 067F0250

Purity: 99.4%

Concentrated (100x) stock solutions of these test materials were prepared in D-
MEM and added directly to the appropriate culture bottles at a volume of 10
ul/ml to achieve the desired final concentrations.

This study was conducted as two separate experiments. Experiment 1
compared the toxicity of EG with that of its weak organic acid metabolite, GA.
Embryo development in media containing 0.5, 2.5, 12.5, 25 or 50 mM/L of EG
or GA was compared to embryos grown in control media. Valproic acid (1
mM) was used a positive control (Kao et al, 1981). Ten embryos were cultured
per group with exposure to test materials continucus throughout the culture

period.

Experiment 2 was designed to determine if GA caused effects on cultured
embryos via acidification of medium pH or via direct chemical toxicity.
Embryos were cultured for 46 h in one of four experimental media: (1) control
medium at pH 7.41, (2) control medium titrated to a pH 6.74 with HCl, (3)
medium containing 12.5 mM glycolic acid {pH 6.74) or (4) medium containing
12.5 mM sodium glycolate (pH 7.42). The 12.5 mM concentration represented
the lowest-observed-effect concentration (LOEC) from Experiment 1. There
were twelve embryos per group and exposure was contiruous throughoui the
culture period.

To minimize the influence of litter effects, embryos from the same donor rat
were distributed as equally as possible amongst the treatment groups. Due to
limitations in the number of embryos which could be dissected on a given
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day, five replicates of Experiment 1 and two replicates of Experiment 2 were
necessary to achieve the desired number of embryos. All experimental
treatments were equally represented in each of these replicates. An additional
two repilicates of Expt. 1 {replicates 1 and 2; were excluded from the siudy due
to technical problems. In one case a microbial contamination uccurred in the
cultures while in another, animals of the incorrect gestational age were

inadvertently shipped by the supplier.
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presence of a beating heart and an active visceral yolk sac circulation.
Embryos with a beating heart were considered viable embryos. To ensure a
thorough examination for any developmental abnormalities, morphology
was assessed using the Brown-Fabro scoring system (Brown and Fabro, 1981).
Growth was assessed by measurement of visceral yolk sac diameter, crown-
rump length and head length with the aid of a calibrated eyepiece reticle.
Protein contents of embryo and visceral yolk sac were determined by the
Bradford metiiod as described by Brown (1990) and modified for microtiter

plate reader as described by Stark et al. (1987).

Statistical analvsis.

morphological score were evaluated by Bartlett's test for equality of variances.
Based on the cutcome of Bartlett's test, a parametric or nonparametric
anaivsis of variance (ANQOVA) ) . If the ANOVA was

Nilcoxnn Rank-Sum test with
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mbryos

re analyzed using Fisher's exact test.
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The nominal alpha levels were as follows:
Bartlett's Test a=0.01
(Winer, 1971)
Parametric ANOVA a=0.10
(Steel and Torrie, 1960)
Nonparametric ANOVA a=0.10
(Hollander and Wolfe, 1973)
Dunnett's Test a= 0.05, two-sided
(Winer, 1971)
Wilcoxon Rank-Sum Test a= 0.05, two-sided with
(Hollander and Wolfe, 1973) Bonferroni's correction
(Miller, 1966)
Fisher's Test a= 0.05, one-sided

(Siegel, 1956)

Test animals and husbandry.

Adult female time-mated CD (Sprague-Dawley) rats were obtained from
Charles River Breeding Laboratory (Portage, MI). The day on which a
copulation plug was observed by the supplier was designated gestation day 0.5.
This strain of rat was selected as a test species baserdd on its general acceptance
for developmental toxicity testing, the availability of reliable commercial
source and the use of this strain in previous whole embryo culture and in
vivc homeostasis/ teratology studies with EG. Upon arrival at the laboratory!,
animals were examined by a veterinarian and acclimated to the laboratory
environment for at least five days prior to use.

The rats were housed in stainless steel cages ir rooms designed to maintain
humidity at approximately 40-60%, temperature at approximately 22°C,
photoperiod at 12 L:12 D and air flow at 12-15 changes per hour. A feed crock
and a pressure-activated stainless steel water nipple were components of all
cages. A basal diet of F:'rina Certified Rodent Chow No. 5002 (Purina Mills,
Inc., St. Louis, MO) and municipal drinking water was available ad libitum

1 Fully accredited by the American Association for Accreditation of Laboratory Animal Care
(AAALACQ).
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throughout the prestudy and study periods. Analysis of the chow was
perforimed by Purina Mills, Inc. to confirm tha: the diet provides adequate
nutrition and to quantify the levels of selected contaminants. Drinkiig water
was analyzed by the City of Midiand and an independent laboratory .n
accordance with Laboratory SOPs.

Analytical chemistry.
Purity information for all test materials provided by the comrtercial suppliers
indicated 5t materials were at least 98% pure.

each experiment, representative samples of culture media
from each treatment group were submitted for analysis to the Analytical
Chemistry Departmem of the Do Chemical Company. Samples were taken
both at the start and >mpletion of the culture perioed to determire (1) if the
targeted concentrations were achieved and (2) to verify that EG was r.ot

metabolized to GA by the embryos.

pH stability.

The pH stability of the test material-containinrg media was monitored in the
culture system. In Experiment 1, this was accon:plished by measuring the pH
of representative iest material-containing media samples which did not
contain embryos. The pH was measured at preparation and after
approximately 46 hours incubation in the culture a »paratus. To insure
accurate readings, temperature and gas phase cor itions were maintained
during pH determinations. In Experimen{ 2, the pH of media containing
embrves was similarly measured to determine if the presence of embrycs

flaenced pH und ! nditions of the e periment.

a possible vontribuwc -y factor in
Thercfore, the osmolality of
o determine if
- present whe > embryo culture study.

o
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Culture media containing 50 mM ethylene glycol, 12.5 mM glycolic acid or
12.5 mM sodium glycolate and vehicle control media were prepared as
descrobed previously. These samples of media represented the highest
concentration of ethylene glycol tested and the lowest-observable-effect levels
for glycolic acid and sodium glycolate. Osmolality of the samples was
determined using a freezing point depression osmometer (Osmette A).

RESULTS AND DISCUSSION
EXPERIMENT 1

alyti i able 1
During replicate 4 of Experiment 1, samples of culture media taken at the start
and end of culture were analyzed to verify proper test material preparation
methods and also to determine stability during culture. As identical test
material prepar.tion procedures were used during all replicates of
Experiment 1 and 2, these samples were considered representative of all the
other (unanalyzed) replicates. Analysis of medium samples taken at the start
of culture verified that the test material/medium preparation methods were
adequate. However, a slight serial dilution error was indicated by the slightly
lower percent of target levels (71-86%) in the 0.5 - 25 mM/L EG groups. The 50
mM EG sample was 103% of target and all GA groups were within 90-94% of
target. Analysis of samples taken at the end of culture (Day 2) indicated that
both test materials were stable throughout the 46 h culture period and thu:
there was no detectable conversion of EG to GA during this period. There
was one sampling error involving the Day 2 EG 0.5 mM sample which was
inadvertently placed in the Day 2 GA 0.5 mM vial. This did not compromise
the interpretation of the data, 1s all higher concentrations showed no
conversion of EG to GA.

Experiment 1 - pH stability without embryos (Table .,

Samples of media were maintained under normal culture conditions, but
without embryos, to determine the pH stability of the various media. Conirol
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medium, all EG media and the GA 0.5 mM medium showed no appreciable
change in medium pH throughout the culture period. The pH of the GA >
2.5 mM groups initially was acidic, but became less so during culture. A
virtually identical result was obtained by Andrews et al (1993) in their study of
pH/formate interactions in WEC. Most likely this was due to a shift in the
equilibrium between CO2 and bicarbonate ion driven by excess weak acid in

the medium.

Experiment 1 - Viability (Tat » 3)

Viability was assessed by the presence of a beating heart at the end of culture.
No embryos survived exvasure to 50 mM GA and only 50% were viable in
the 25 mM GA group. -5 compared with 100% viability for the control and
remaining GA group- There was no etfect of EG on viability at any

concentration testec (viability 90-100%).

The presence of red t'ood cells actively circulating through yolk sac vesseis
provided ar addit:onal measure of embryo function, as this is the site of
gas/nutrient excange fer the conceptus. Yolk sac drcuiation was inhibited in
the GA 45 and 50 mM groups, in parallel with the effects on heart beat. Yolk
sac circulation was also inhibited in the VPA-treated embryos, although this
appeared to be due tc abnormal development of the visceral yolk sac
vasculature, rather than an effect or. viabiiity per se. There was no effect of
EG on visceral yolk sac circulation at any concentration tested.

Experiment 1 - Growth & development (Table 4)
There were no effects on the various measures of embryonic growth and

development for any of the EG groups, with the exception of a very slight

- morphology scores for normally developed

this decreased score is quivalent to a
) hours (- .ative to controls). This




sesssDRAFT**s» THE DOW CHEMICAL COMPANY
STUDY ID: K-002558-010
PAGE 22

to the general lack of effects with even very high concentrations of EG,
exposure tc GA at concentrations > 12.5 mM adversely affected nearly all
parameters of growth and development. VPA reatment also caused
decreases in embryonic growth measures, as shown previously by others (Kao
et al, 1981).

Ti - 1 a
There was no evidence of dysmorphogenesis due to EG at concentrations up
to and including 50 mM. All EG-treated embryos appeared morphologically
normal, with the exception of one embryo in each of the 2.5 and 25 mM
groups with minor abnormalities of the yolk sac. The nature of these
changes, their low incidence and the lack of a dose response relationship
indicated that these effects were spurious and unrelated to treatment.

In contrast, the percentage of morphologiéally abnormal embryos was
significantly increased in the GA 12.5 and 25 mM groups. These
abnormalities were predominantly craniofacial and appeared to correspond
with many of the EG-induced malformations seen in vivo. The most
commonly observed embryological alteration was a cystic enlargement of the
maxillary process. Also observed in numerous embryos were abnormalities
involving the rostral tip of the ~mbryo in the region of the olfactory ridge.
These structures give rise to the maxilla (upper jaw), secondary palate and lip.
Thus, effects on these structures in culture are consistent with increased
incidences of cleft palate, cleft lip and micrognathia observed in vivo (Price et
al,, 1985). Other effects seen in embryos cultured with GA included
dysmorphogenesis of the optic vesicles, corresponding with anopthalmia
observed in vivo, and abnormal differentiation of the somites, which is
consistent with axial skeleton malformations seen in term fetuses.

Exposiie of embryos to the positive control agent, VPA, resulted in abnormal
somite segmentation, altered neural tube development characterized by a
wavy or kinked neural suture line, incomplete closure of the otic vecicles,
disorganized vitelline (visceral yolk sac) vessels and other abnormalites. The
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effects ohserved in this studv were highly consistent with those reported
previously {Kao et al., 1981).

The results of Experiment 1 clearly show that parent EG is not responsible for

the developmental effects observed following large oral gavage doses of EG

and provide strong evidence against conclusions drawn from a previously

discussed whole embryo culture study (Grafton and Hanson, 1987). The

present study demonstrates that EG is essentially ‘nnocuous at concentrations

which could be realistically attained in vivo. Furthermore, the data indicate

that the EG metabolite, GA, 1s the proximate toxicant for EG-induced ’
developmenial toxicitv. Whether or not the effects of GA in culture were due .
to an inherent toxicity of this metabolite, or instead, an indirect effect of
culture medium aciditicaion was addressed in Experiment 2.

EXPERIMENT 2

Experiment 2 - pH stability with embryos (Table 6} .
In Experiment 2, embryos were cultured for 46 h in control medium at
neutral {pH 7.41) or adidic pH (pH 6.74) or in medium containing 12.5 mM
glycolic acid (pH 6.74) or 12.5 mM sodium glycolate (pH 7.42). To determine
the effect embryos had on medium pH during culture, the pH of a
representative set of cultures was checked at the beginning and end of culture. .
Only slight changes (< 0.24 units) in pH occurred over the course of the
acid, sodium glycolate and acidic control groups.

culture period in the giycolic
However, pH decreased by 0.5 units in the neutral pH control group. Changes
th embryos present may be influenced by the metabolic

5, as larger, more metabolically active embryos would be
wore CO7 ard thus acidify the medium to a greater

ES

yos. While these pH
ryos are present, the

to compromise interpretation of the
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E . 2 - Viability (Table 7)
All embryos in all treatment groups were viable. There were no significant
alterations in yolk sac circulation due to any of the experimental treatments.

Experiment 2 - Growth & development (Table 8)

The effects observed in embryos cultured in 12.5 mM glycolic acid (initial pH
6.74) were generally very similar to those observed in Experiment 1, with all
seven parameters of growth and development significantly different from
control (pH 7.41). Growth and development parameters for embryos cultured
in medium containing 12.5 mM sodium glycolate at pH 7.42 or in control
medium at pH 6.74 were generally intermediate between the neutral pH
control and the glycolic acid groups. However, while all seven parameters
were significantly affected by sodium glycolate at neutral pH, only embryo
protein, yolk sac protein and head length were significantly affected in the
acidic pH control group. Even for these three parameters, glycolate at neutral
pH was more inhibitory than contrcl medium at acidic pH. These data
indicate that most of the effects observed in Experiment 1 were due to an
inherent toxicity of glycolate, although an acdditive contribution from
decreased medium pH was also apparent.

Experiment 2 - Morphol able

Both treatment with 12.5 mM glycolic acid and 12.5 mM sodium glycolate
resulted in a significant increase in the percentage of embryos containing
morphologic abnormalities. The type of alterations in the latter two groups
were nearly identicai and, as seen in experiment 1, were predominantly
craniofacial. Only one embryo in the acidic control group exhibited
craniofacial dysmorphogenesis. As discussed above, these results suggest a
predominant role for an inherent glycolate toxicity, with a minor
contribution from culture medium acidification. '

Although these results suggest that acidic pH plays a minor role in altering
embryological development, the results do not rule out an important role for
metabolic acidosis in causing teratogenesis in vivo. As shown by Khera
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(1991), other critical changes occur during metabolic acidosis, including
decreased CO? and bicarbonate levels, increased glucose, etc. These changes
were not represented in our whole embryo culture system. Thus, the
possibility remains that these factors may still play a contributory role in EG's

effects in vivo.

Experiment 2 - Osmolality (Table 10)

One other factor suggested to be involved in EG-induced teratogenesis is
maternal serum hyperosmolality (Khera, 1991). In Khera's study, a dose of
3,333 mg/kg of EG caused osmolality to rise as high as 359 mosmol/kg H2C

{(control value=285). To gain perspective on the role of hyperosmolality on
embryo development, the osmolality of selected media samples was
determined. Culture medium containing 50 mM EG had an osmolality of 418

mosmoi/kg H2O, well in excess of what Khera observed in his EG study.

Although one might expect this degree of hyperosmolality to have advers=
consequences, embryos in this medium were essentially normal. This
finding indicates that embryos during this stage of development are resistant
to the hyperosmciality induced by high concentrations of EG.

CONCLUSIONS

The resuits of this study show clearly that parent EG has little impact on
embryos, even when exposed continuously for 46 h to peak concentrations
associated with a dose causing malformations (as well as maternal mortality).
This finding supercedes previous suggestions (Grafton and Hansen, 1987),
based on a more limited rat whole embrye culture study, that EG acts directly
ng to note that culture medium containing the

It 1s also interesti

adversely affect embrvo development. This

lity as a contributing factor in
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To the contrary, the weak acid metabolite CA at > 12.5 mM/L caused
abnormalities of the developing maxillary process, midfacial anlagen, optic
vesicles and somites, effects bearing strong embryological correspondence
with cleft palate and lip, micrognathia, anopthalmia and axial skeleton
malformations observed following large oral EG doses in vivo. This result
provides strong evidence that GA is the proximate developmental toxicant
for EG-induced developmental toxicity. This result also supports the
hypothesis that a dose-rate dependent shift in EG metabolism is prerequisite
to developmental toxicity following EG exposure, in that GA accumulation is
a high dose-rate, metabolic saturation phenomenon.

The results of Experiment 2 indicate that GA effects in culture were due in
large part to an inherent chemical toxicity of this metabolite. This was shown
by the fact that sodium glycolate (12.5 mM) at neutral pH was nearly as potent
and caused essentially identical morphological alterations as did 12.5 mM GA
(free acid) at pH 6.74. Lesser, but statistically significant effects of control
medium at pH 6.74 indicated an additive contribution of medium acidity. A
direct toxicity of glycolate could explain why correction of metabolic acidosis
with sodium bicarbonate infusion was only partially effective in ameliorating
EG-induced develapmental toxicity (Khera, 1991), as plasma GA levels would
be expected to remain high with this treatment. However, the relatively
minor effect of acidic culture medium does not contradict a contributory role
for metabolic acidosis. Metabolic acidosis is a complex condition involving
dramatic changes in carbon dioxide, bicarbonate and glucose, none of which
were represented in the whole embryo culture system.

L1 conclusion, this study provides direct evidence that GA is the proximate
toxicant for EG-induced development toxicity. This is important for risk
assessment because this metabolite accumulates only under high dose-rate
scenarios, such as oral exposure to large doses. Integration of the present
results with previous in vivo homeostasis findings (Khera, 1991) indicate that
GA acts both through an inherent chemical toxicity as well as via induction of
metabolic acidosis.
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