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SUMMARY

The material balance determinations of [1,2-14C]-labeled Ethylene Glycol
(EG) have been conducted in the Spregue-Dawley rat following imtraver.us,
Yeroral and percutenecus doses of 10 or 1000 mg EG/kg body weight. Expired

4c0, was the major metebolite and urine was the secondary route of
excretion for all three routes of admlnistration et the 10 mg EG/kg dose
level. Similar recoverles were obtained for both zexes followimg intravenous
or peroral doses. In comparison with the 10 mg/kg dose, a dose-depenﬁent
shift in the proportion of radiocactivity found in urine and 14 €Oy was
observed following & dose of 1000 mg EG/kg by the intravemous and peroral
routes. At the high dose, urine was the major excretion route for che
radicagtivity, while 14C0, was produced st e much-reduced level. Further
definition of the dese~-dependent change in excretion routes wes attempted by
administering addicional peroral doses of 400, 600 and 800 =mg/kg to both
sexes. There was a clear progresgion across dose levels from high l4g
elimination levels at the low dose to reduced levels at the high dose in both
sexes. Changes in urinary 14¢ excpetion with increasing dose were not as
clearly defimed due te the Iinherent individusl varlation with rats for
inconsietent intervel wvrimary elimination. This dose-dependent pathway shift
wvag not cheerved followimg the 1000 mg kg percutenecus doses of elther
undiluted or 0% (w/w) aguecus EG. Insteed, similer vadieactivity levels to
those for the lov intravenocus and low percutanecus (undiluted) deoae studies
were found for high doze animals, indiecating thet much less of the applied EG
dose (approximately 22-36%) had crossed the skin then was absorbed following
th« peroral 1000 mg EG/kg dose (spproxzimately 83% of the administered dose).

COZ accountaed for the largest recovery fraction of radicactivity for all
percutdneous dose groups and urine was the secondary elimination pathway. For
all three routes of adminiatratien, individual tissue recoveries did not
indicate any accumulation of l4¢ 4n o particular ozrgan or tissue following
single doses of EG.

Bushy Run Nesssrch Center
& Join: Melion Institute—4Unlon Cerbide Corporation Operation
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Pharmacokinetic data for both unchanged EGC and the total radioactivity in
plasms demonstrated marked differences in EG plasma profiles va. those for its
metabolites. The unchanged EG deta for the intravenous and peroral routes
demonstrated & first-order kinetic bshavior (doze-~-linear) betwsen the 10 and
1000 mg/kg dose levels for the disappearance of EC frem the plesma. This was
evident from AUCs values which were roughly dose-proporticnel. Following
intravenous administration, dose-independent relationships were seen im the
values obtained for the total clearance of EG, mean residence time, apparent
volume of distribution at steady state, the terminel halif-1ife, the eotal
smount of EG emcreted in the urime to 24 hr post-dosing, and the renal and
metaboliec clearance values. These parameters all demonstrated a first-order
plasma time-course which was mot apparent from the excrets profiles, for which
a dose-dependent relationship existed (totsl urimary 14C and 14C0, were
not constant betveen dose levels). Increases in uvrinary 14c-glycolate were
also observed when the intravenous or peroral doses were increased from 10 to
1000 mg EG/kg, indicating that metabolism makes a substantial contribution to
the terminal disposition phase of the plasma disappearance curves for this
higher dose level. The percutaneous pharmacokinetic data suggested a
different absorption pattern from the considereble amount (29-36%) of an
undiluted EG dose which penetrated skin ss umchanged EG when left in place
over the course of an occluded 96-hr ezposure. Slightly different results
were observed for ghorter exposure times, as approzimately 9-13% of the
applied radicactivity from undiluted EG doses placed on the skin was absorbed
by the end of the first ¢ hr after desing. Alse, 14¢ continued to enter the
plasma desplte removal of any umabsorbed dose from the surface of the skin at
the end of this 6-hir period. In centrast to the results for undiluted EG
dozes, & S50% equecus dose of EG applied to skim for 6 hr was mot appreciably
absorbed (1.1-1.3% of the dose) before it was removed from the skin. In
summary, we have shown that ethyleme glyecol by three different routes
demonstrates apperent first-order pharmacokinetic behavior for the disposition
in and the eliminetion from the plasmes but that dc@e-ﬁegenﬂent changes ocecur
for the 2liminetion of metabolites in the urine and as 19C0, after simgle
doses for the intravenous and peroral, but not the percutaneocus, routes.

Ethylene glyeol is an lmportent industriel chemical which is commercially
produced by the aqueous hydrolysis of ethylene oxide. Its primcipal uses are
es a component in antifreeze for cooling and heating systeme, in hydraulic
brake fluida, as & solvent for boric acid and borates in elsetrolytic
condensers, as & diluent end solvent for peint formulaticms, end in the
production of synthetic eater materials Iin the plestices and febric
industries. It hes also been used &s a solvent for phermaceuticals, food
additives, cosmetice, inks end lacquers (Cesarett and Doull, 1986). Limited
information is avajilable on the fate of 3G in memmelien species. Marshall
(19795 1982) hes investigated the pharmacokinetics of EG in Fischer 344 rats
following intravenous administration. Similer studies heve deen conducted in
other mummals (Cessner &t &l., 1961; McChesney gt al., 1971; Martis et al.,
1982). These reports indicated that a suhstantial pertion of the dose is
eliminated as 14C0. Only a few studies have evaluated the fate of EG in
rats (Gessner, et al., 1960, 1961, strain unspecified; McChesney, et 8l.,
1971, strain unspecified; Marshall, 1979; 1982) and none of these studies were
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conducted via the percutanecus route. It was therefore the primary purpose of
the present study to investigate the fate of EG by comparing the intravenous,

oral and percutsnecus routes in eeparate material balance and pharmacokinetic

studies.

OBJECTIVE

The overall cbjective of this investigation was to determine the
radioactive material balance and pharmacokinetics of 14C-lebeled ethylene
glycol in Sprague-Dawley rats following intravenmous, oral end cutaneous
aedministratien. The tissue distribution end meterisl balamece were determined
separately because of the aubstantial generation of cerbon dioxide as a
metabolite of ethylene giycol. The information from this imvestigation should
provide the basls for a more definitive and guantitative interpretation of
other generel toxicologicel studies with ethyleme glivcol, particulerly those
conducted with Sprague-Dawley rats. In generai, this deta should alse help in
the eveluation of potential human healtn effects which may be produced by this
chemical when used in situations involving different major routes of exposure.

HEIHODS
Iest Animale

Adult male Sprague-Dawley rate veighing cpprozimately 275-350 g (10-11
weeks o0ld) and females weighing 180-250 g (10-11 weeks o0ld) vere cbtained from
Harlan Sprague Dawley, Inc. (Indianspolis, IN). Upon errival at the
laboratory, the rats were ezemimed by the BREC climical veterimarien and found
to be in generally gnod health. The enimals vere ecclimated te the laboratory
environment for ut least 5 days prior teo the administrstion of dose and each
snimel was uniquely identified by toe clipping. Prier to use im the study,
animals were housed im groups of 3-4 im plastic shoe box cages. Those animals
selected for study vere transferved to individusl Roth-type metabolism cages,
designed for the separatz collection of urine, feces and axpired CO;. The
animals were acclimeted to the experimental environment for approximately tyo
days prior te test material administration. Animels vere maintained
throughout the study in rooms which vere comtinucusly monitered for humidisy
and temperature and which had e& 12-hour photoperiod and approximately 10-15
air changes per hour. Municipal drinking water (Mumicipel Autheority of
Westmoreland Coumty, Greensburg, PA) and pelletsd food (Agway Certified Rodent
Chow) were available ad libitum throughout the study.

Twe geparate lots of [1,2~1461-Ethylane Glycol were obtained from Sigma
Chemical Company (3t. Louis, M0O). The first was purchased for the material
balance studies (lot mo. 037F9207) and hed & specific activity of 3.6 mCi/mmol
and a radiopurity of 99.2%. The second lot was purchased for the
pharmacokinetic studies (lot mno. 077F9209) end had a specifiec activity of 6.0
nCi/mmol and a radliopurity of > 98%. Unlabeled EG (lot mo. PC-35227,

Polyester Grade) was obtainmed with a purity of 100.0% (by wt. %) from the
Union Cerbide Ethylene Oxzide/Glycol Divizion iniﬁghnwille, L&. The doaing
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solutions used in these studies contained both 14C-EC and unlabeled EC and
vere prepared in amounts sufficiemt to produes 0.5% and 50% (w/w) sclutions.
These solutions were prepared as follows: 1) dissclved im 0.9% salinz (CAS
Fos.: FaCll, 7€47-14-5; and water, 7732-18-5) for imtravencus studies;

2) dissolved in water for oral studies; end 3) dissolved in water (or applied
as wndiluted EG) for percutaneous studies. Terget doses of 10 and 1000 mg
EG/kg body welght were chosen for both the material balance and’
pharmacokinetic studies with a dose volume of about 2.0 ml/kg. Dosing
golutien analysis was conducted by ges chrometography for quantification of
chemical esacentration; the deosing solution emalysis results ere conteined in
Appendix C.

Description of

Synonyms:

Physical State:
Molecular Weight:
Specifie Gravity:
Boiling Point:
Vapor Pressure:

Physico-Chemical

Properties:
CAS Fo.: 107-21-1
Chemical Formula: CoHg0o
RTECS Fo.: KW2975000

1,2-Ethanediocl; Ethane-1l,2-diel; Ethylene
Alcohol; Ethylene Dihydrate; Glycol Aleohol;
Monoethylene Glycol: Texcol

Slighely viseous liquid; very hygroscopic
62.07

1.1135 at 20°C

197.6°C (760 =mllyg)

6.06 =miig at 20°C

égﬂ Viscosity: 2l ecntipolise at 20°C
? Flash Point: 240°F
Solubilicy: Water: completely scluble at 25°C

The target deses (10 and 1000 mg/kg) selected for 14C-EG intravenous
administration vere administered in physlologicel (0.9%) saline solution with
e tsrget volume of about 2.0 ml/kg. The dose was delivered via the tall vein
for the material balance studies and via an indwelling jugular cennule for the
pharmacokinetice determinations which was surgicslly implanted esbout 48 hr
prior to dose administration. A minimum of 5 uCl of the radicactivity was
given to each animal for beth deose groups and the 14¢ concentration was
checked prier to avd immedistely following dose sdainistration by ligquid
scintillacion ecounting of replicate aliguets. The EG concentretions vere
confirmed by GC enalysis after dosing end the amount of individual dose
delivezed was determined gravimetrically (weighinz the syringe before and
after dosing) at the time of adminietration.

- The target doses for l4c g6 gavege administration were the same as those
selected for the intravenous route injections (10 end 1000 mg/kg). Each dose
was delivered in water with & targe:t volume of about 2.0 mi/kg. A minimum of
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$-10 uCi of the rediocectivity in both dose groups waes given to ea:h animsl.
The 14¢ concentration was confirmed prior to end immediately following
dosing and the amount of individuel dose delivered was determined
gravimetrically (weighing the syringe before end after dosing) at the time of
adniniscration. The EG concentrations im the dosing ssclutions were confirmed
analytically by GC following dose sdministration.

Bercutsneous Application

For the cutaneocus portion of the study, the l4c_xe dosing solutions were
prepared ag¢ either: 1) a 50% water solution administered im a target volume
of 2.0 ml/kg; or 2) as wndiluted material (10 end 1000 mg/kg). The dese
levels selected for percuteneous administrstion were the scame as those
selected for the intravemous route 410 and 1000 mg/kg), wicth an edditional
dose level administered ag 2 50% aqueous gzelution (at 1000 mg/kg) to -
investigate cutaneous exposure to en auvtomotive antifresze mizture.
Sufficient radiocactivity wes targetad for this dosing colution to deliver
about 15-235 uCi/0.2 ml of the tracer to & 200 g asnimal. The dose solution
wvas applied to approximately & 1 cem? area in the intersecepular region of the
back using a syrimge. The volume of the dose delivered was determined
grevimetrically by weighing the syringe before and after delivery. The
epplication site was occluded with pelysthylene film which was held in place
with waterproof sdhesive cape te minimize eral ingestiomn from grooming and
parimize skin penetratiocn. Permeablliey of polyethylene to BE over a 48-hr
period vas exzamined priocr to use. This film/tepe was covered with s
Spandex®-tyve rodent Jacket produced by e lecal supplier and the test
material wea left in place for 48 hours durimg this pribe study.

The route of injection for intrevenous materisl balence studies was vias
the lateral tail veln but injection via the indwellimg jugular veinm cannuia
was & preferred route for the pharmacokinetiecs studies. Therefore, the effect
of the routz of imjection on 14C distribution following intravenous dose
administration was compared in osrder to assess the appropriate methed for
sdministering the IV dose for the pharmacokinetic studies. Four rats had
cannulase surgically {mplented using the procedure described im the
pharmacokinetics method section of the protecel. Two rats per route (tall
vein or canauvle injection) were dosed with & 0.9% saline sclution of
140 PG, Blood was dravn st 0.5, 1 and 2 minutes after dosing end quantified
88 deseribed inm the pharmscokinetics study design. In addition, the potential
for the camnnule tubing te absord 14¢_¢est material was analyzed by
coebustion of the tubing upon termination of the experiment.

The enelyticel phase of the ethyleme glycol (EG) pharmacokimetics and
material balence studies included dose solution, plasma and urine analyses.
Concentrations of EC im the dosing solutions were measured by capillary gas
chromatography (GC) with flame lonizetion detection (FID). Ethylene glycol in
selected pooled plesme samples from the phermacokinetics studies was
derivezized with phenylboronic acid to form a cycliec phenylboronate ester and
then anslyzed by capillary GC coupled to s Mass Selective Detector (MSD). The
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i{dentification of BE 2nd several known metebolites im selected urine samples
frem the meterial belance studies was accemplished using high performance
liquid chrometography (BHPLC) with refractive index detection. In additioen,
the proportiom of unchanged 14¢.B¢ to that of major labelled metabolites in
the urine sanples vas quantified uveing a radicactivity flov monitor in series
with the refractometer. The details of the analytical methods and results are
contained in Appendixz C.

The folloving design applies generally for each route of administration in
the determination of waterial balemce. Twelve rats (sixz per sex) were placed
individually into Roth-type glass meteboliss cages for twe days prior to dose
adminiscration.  The iz rats per sex per doss group were selected for
chemical treatment based on uniformity of body weight from & pool of at least
eight rate per eex which were acclimated to the laboratory for &t least five
days.

On the first day of the test, four of the six acclimated rats per sex were
selected for dosing on the basis of uniformity of bedy welght and general
health statue. Fellowing EG administretion by the pertimemnt route, urime and
feces were collected at 12-~, 24-, 36—, 48~, 72-, end 96-hr intervals
post-desing. The urine samples were collected in flegks cooled to dry ice
tempersture ané were stored frozen (epproximately -80°C) upon completion of
radicectivity determinetions until the comparative analveis of parent compound
end metabolites was eonducted. Air flow thxeugh the glass smstabolism cages
vas approximately 500 mi/min. Expired- 14 €02 was trapped durimg 12-hr
intervals through 48 he post-dosing end 24-hr imtervals thersafter using
solutions of 2-methexyethamnsl: ethamolaemine (7:3) et reom temperature. The
feces and (0> seamples collected were stored at approzimately -20°C @ntil
analyzed.

Rinety-siz hours after administration of the EG dose, the animals vere
anesthetized with methoxyflurane and exzsanguircsted vie cerdiac puneture
(terminal blood sample). Cege vashes were collected to guantify radicactivity
for inclusion in the balance. For all sdministratiom routes, the pelt was
removed from the carcass and the following tissues were collected:

1. iiver _— 4., fat (perirenal)
2. Rkiéney 5. lung
3. brain 6. testes

Prior to removal of the pelt, the dosed area of skin from the percutanecus
study animals vas removed sand weighed in order to guantify unabsorbed EG at
the dose site. Skin segments from two remote areas (ventral surface and
sacral regions) were also taken to est:mite the systemic distribution of EG to
the skin. The skin from Both the dosa slte and directly surreundiag it (1 em
from edge of dose site) was pulverized at liquid nitrogen temperatures in a
Spex Freezer Mill (Metuchen, KJ) znd en aliguot from each sample wes counted
direetly in & suspension of 10 ml Ajuesoi-20 (Hew England Nuclear) and 6 ml
water.,

For gll of the saterisl balance studies, radicsctivity from askin samples
removed from the pelt at the two remote sites wes guantified after tissue
oxidation. BRediocsctivity was also determined follewing tissue oxidation of
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isviated organs, aliquots of hcmogenized carcess (33% w/w in distilled water),
feces (33% w/w in distilled water), and red blood cells from the final
cellection. Radioactivity recovered from the dose site and from the occlusive
devices used to cover the dose site was also quantified. Tissue oxidation was
conducted in an OX-300 Biological Materiaels Ozmidizer (R. J. Harvey Imstrument
Corp., Bilisdele, ®J) and the 14602 derived from combustion of these

tissues was quantified by liquid scinmtillatior spectrometry.

The deslign vhich follows applies generally for each route of
administration, with some exceptions which are moted in the individual
sections of the pharmacokineties zesults. Approximately 48 hr prior to
adainistration of the dose, twelve rats (eix per sex) were prepered for
surgicel implantation of an indwelling juguler cannula under methoxyflurane
anesthesia using a modification of the method of Harme and Ojeda (1974). The
animgls for the percutaneous study were lightly clipped using electric
clippers in approximately a 4 2 6 cm ares in the shoulder region of the back
prior to surgery. Following recovery from surgery, the animals were returned
to the Roth-type glass metabolism cages to complete the acclimation prier to
dosing. Food was removed approximately 15 hr prior to dose administrstion for
the peroral studies.

On the first day of the test, four rats per sex with acceptable ¢(within
normel limits) hematocrit values and patent cemnulae were selected and the
dose was administered as described im the previous section on Administration
of Test Material. Blood sumples were collected via the indwellimg juguler
cannula at 0 (pre-sdministration for the Getermination of hemetoecrita), 0.5,
1, 2, 4, 8, 12, 18, 24, 36, 48, 72, and 96 hours post-doeing for the peroral
and percutanecus study designs. Blood semples were collected at ©
(pre-administration for the determinetion of hematocrits), 5, iS5 snd 30 min
and 1, 2, 4, 8, 12, 18, 24, 26, 48, 72 and 96 hr post-desing for the
intravenous study design. Approximately 0.15 ml was drawn at esch time
interval and immediately placed inm heparinized capiliary tubes, sealed using
Seal-eased® tube sealer, and then centrifuged in en Adams Avtocrit Centrifuge
(Clay Adems, Parsippany, NJ). The spun capillery tubes were scored and broken
at the plasma/packed cell interface. The plesma was then expressed from the
tubes into a tered scinctilletion visl and the plasma weight recorded. An
eliquot of plasme was added to a 10 ml volume of Aquasol-2® counting
geintillant with shaking and then counted by liquid scintillastion
spzctrometry. The remeining plasme velume wes pooled in equal volumes with
plasma from other animals in the dose group for parent compound quantification
by GC separation with Mass Selective Detection (GC/MSD). Radicactivity was
determined frem tissue oxidation of red blood cells frem all collection
intervals in am R, J. Harvey Blological Materials Oxidizer (Hillsdale, FJ) and
quantitation of the 14C0, derived from combustion of these tissues was by
liquid scintillation spectrometry.

Approximately 6 hr following the administration of the percutanecus dose,
the oecclugive device was removed and any unabsorbed test material was washed
from the dose site with vater-vetted, cotton-tipped spplicaters. The device
was then replaced and left on the snimel for the duration of the 96-hr
exposure. The applicators were saved in order to quantify any unabsorbed dose.
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Urine and feces were cellected at 12-, 24~, 36~, 48~, 72- end 96-hr
intervals post-dosing. The collection flasks for urine samples were cooled to
dry ice temperature and were assayed for 14C following collection; the
cemaining volumes were stored at approximately -20°C., Peeces were frozen at
epproximately -20°C immediately after collectiom. Air flow through the glass
metsboliam cagée was approximetely 500 ml/min. Expired 14 €0y was trapped
at l2-hr intervals through 48 hr poat-dosing and 24-hr intervals thereafter
usins solutions of 2-methoxyethenol: ethenolamine (7: 3) st room temperature:
14 COy samples were stored under cold temperatures until snalyzed.

Hinety-six hours after administration of the EC dose, the animals were
anesthetized with methoxyflurene and exsanguineted via cardiac pumcture
(terminal blood sample). Carcasses were stored at approximately -20°C and
vere not assayed for radioactivity. For the percutsnecus study, the dosed
area of skin together with the skin around the periphery (approximately 1 cm
from edge of the dose site) was separated from each animal using blumnt
digsection techniques. The skin samples were pulverized at liguid mitrogen
temperatures in a Spex Freezer Mill (Metuchen, RJ) and aliquots were counted
directly in a suepension of 19 ml Aquesocl-26 end 6 ml water,

The relative proportions of unchanged 14¢ test chemical to that of major
metabolites found in the piasma and urine were exzamined over a 48-hr period
following percutanecus administration of 14C-2G. Selected urine samples
were subjected to liquid chromatography separation with 14C quantification
via an in-line radicactivity flow momitor (Model 7150 Trace TI, Packard
Instrument Co., Downers Grove, IL). Seicction of imterval e&mples for
enalysis of the relative propozrtions of metabolites wes besed on the
concentration of radicactivity determined imitielly by iiquid scintillation
spectrometry and the size of uriune volumes collected. The HPLC identification
vork was confined to only the major metabolites present in urimne.
Determinations were done by direct comparison of retention times for the
cbserved peaks with those determined for both standerd solutiome of 14C-EG
and non-radiolabeled EG and the major metabolites using the on-linme
radloactivity detector and a2 refractive. index detector (Waters Associates,
Milford, MA) where appropriste. The GC method for derivatization of plasma
sanmples was modified from a previously-developed methed while the capillary GC
separation conditions were developed at BREC (see Appendixz C).

Semilogarithmic plote of both total radiocsctivity end unchenged EG
concentracions in plasma ve. time provided the basis for the pharmacokinetic
data anglyszo in this study. These pharbacokinetic descriptions of the fate

£ l4g.ge vere avalusted ueing RSTRIP (Pox and Lamson, MicroMath, Inc.,
COPyright 1937) to derive optizum peremeter estimates for the plasma data.
Mean plasma 14C concentrations (ug Equiv/g) were used initially to fitc

one-, two- or three exponential eguations for which eliminetion and transfer
of &C-EG between compartments were sssumed to be first-order processes.

The parameters which vere estimated uning mean plasma concentration values
ineluded: the rete comstant of ebsorption, ky (except IV doses); the rate
constant for initlsel disposition, ®; the rate constant for terminal
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disposition, 8; the rate constant of elimination, ke; the volume of
distridbution at steady state, Vq 55; and the half-lives (tj;3) of

sbeorption end eliminatien. Other pharmacokimetic terms which were celculated
and used in the succeeding tables have been footnoted to explain their
pathematical derivation.

For each of the individual material baslance studies conduected by three
administration routes, & summery of the mean body weights at study initiation
and the amount of radioactive dose delivered to each enimal is presented in
Table 1. HMean body weights (= 1 8.D.) were summarized for all groups in the
study: values of 280.18 2 1.85 g for males and 215.50 = 8.52 g for
females vere calculated from group mesan body weights for the seven msterial
balance studies conduected. In additien, Table 1 shows that uniform
radioactive doses were administered to both sexes when 14C doses were
normelized for body weight in each study.

The recovery of radloactivity in CO; and urine is summarized in
Figures 1-6. Mean summary data (including orgams, carcass, cage wash, etc.)
for each of the individual materisl balance studies are contained in
Tables 4-15.

The data obtained for the disposition of radicectivity (mesan = 1 §.D.)
following the intravenous injection of 14C-EG in either e 10 or 1000 mg/kg
body weight dose are susmarized, respectively, in Tebles 4 and 5; individual
anima]l data are presented in Appendiz A and meen snimal data (ieemized for all e
intervals of collection) are presented in Appendiz B. The data for the
disposlition of radleactivity im the imdividual tissues and the carcass are
summarized in Table 6. The following were the mejor features ef the data
obtained in this segment of the investigation and will be deseribed in the
succeeding paragraphs:

1. The expiration of 14C0, was the major metabolite after a 10 mg/kg
IV dose, while urine wvas the secondery excretion route;

2. Urinery 14C excretiom was  the principle elimination route following
a 1000 mg/kg IV dose, with less of the dose expired as 14C0,.

3. More of the administered 14C dose was recovered 1ﬁ the tissues and
carcasses of lov dose enimals then for the high dose snimals.

The zecovery of radicactivity for the 10 ®g/ksg intravenous dese {(Table 4)
smounted to 90.0 & 2.4% (n = 4) for male animals end 85.84 = 4.7% (n e 4)
for female snimels. For males, the major exeretion route was via 14 €02
exhalation (41.2%) vhiles lesser amounts were exersted im the urime (27. 3%) and
in the feces (2.9%) after the 96-hr collection period. Figures 1 and 2 deplct
cunuvlative percent recovery plote over 96 hr for 14¢0, and urine. Another
18.6% of the dose for males was recovered im tissues (8.5%), the carcass
(9.9%) and in cege washes (0.2%). BResults for females were very ailmllar to
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male rat results at this dose level: 43.7% wes recovered in expired

14¢0,, 25.1% was excreted im the urine, and 2.0% was recovered in feces

over the 96-hr collection period (Pigures 1 and 2). Slightly lezs of the
rediocactive dose was recovered in tissues taken from females (5.3%) va. males,
while very similer 14C smounts were found in the carcass (9.2%) and in cage
washes (0.2%). The slightly lewer recoveries im urine and in the tissues for
females compared to males account for most of the difference observed in tetal
recoveries.

There was a dose-dependent shife in the route of execretien for

radioactivity fellovwing the 1000 mg/kg imtrevenous dese (Table 3), with

coz expiretion following an epparent inverse relatiomship to dose.
Overall, most of the redicective dose vas excreted in the urime (Figure 2),
with lesser smounts recovered as expired 14 COp (Pigure 1). Also, less of
the dose was found im tissues and carcass thaen wes cbeerved for the 10 mg/kg
dose. There were no substantisl differences in exerstion poutes or amounts
between the twec sexes at this higher dose {(Figure 5B). Total recovery of
radioactive dose for the male enimals was 92.2 £ 1.1% (o = 3) while 88.1 =
5.1% (n = 4) of the dose was recovered from female snimais. A total of 52.5%
c¢f the sdministered dose was excreted im the urine of mele animels while
lesser gquantities were eliminated as exzpired 14002 (28.2%) and ia the
feces (2.3%). BRecovery values for tissues (3.8%) end the carcaess (4.7%) wvere
- relatively lower then those recoveries in the low dose animels but the cage
wash velue vas similar (0.2%). Recovery values frowm femeles were similar to
those for males (Figure 5). In contrast to male values, female recevery
values were more varisble, but much of this variation otecurred in the 0-12 hr
collection peried for urine, feces and 14 GO» frections. Hewever, it is
typicel that data from this collection iriterval displays the grestest amount
of imdividual variatien compered to iaver intervals, particularly vhen large
percentages of the dose are excreted in the urine, because the animals can be
guite varisble in thelr voiding freguency.

Individual tlssue recovery data for the 10 mg/kg intravencus dose are
itemized in Part A of Table 6; the corresponding data for the 1000 mg/kg dose
are presented in Part B of this Table. In the tissue recoveries for the 10
mg/kg intravenmous dose, the male date exhibited pertinent recovery percentages
for liver, carcass end pelt. Tissue/plasma zratiocs of greater tham 1.0 were
calculated for liver, kidmey, lung and pelt, indicating & greater presence of
radiosetivier {n these tissues than would be sceounted for by perfusion
alone. T:.-uvce/plasma ratios of less than 1.0 were calculated for brainm, fat,
testes and carcass in males. Female tissue data indicsted similer percentsges
of the dose to those for males, except for the pelt, which vaes & lewer
percentage for femeles.

Por the 1000 mg/kg intravenous dose, these percentages of the dose which
were recovered in both sexes for liver, kidney, lung, carcass and pelt were
reduced to approxzimaetely half of the percentage values found for the lower
dose snimals. However, the tissue/plasma ratios remained relatively
congistent in both sexes at this higher dose for liver, kidney, lumg, and
pelt. Furthermore, the total amount of 14¢ g4n the individual tissues (es
ug Eq/g) wes approximately two orders of magnitude greater following 1000 mg
EG/kg compared to 10 mg EG/kg (Table 6), as would be expected for a difference
in body burden efter a 100-fold higher dose is edministered,
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The data obtained for the disposition of redloactivity (mean 2 1 5.0.)

. following the perorsal edministration of 14¢-EG in either a 10 or 1000 mg/kg
body weight dose are summarized, respectively, in Tables 7 and 8 and presented
graphically im Pigures 3 and 4. The individual animal data are presented in
asppendiz A and meesn snimal data (including all imtervels of collection) are .
presented in Appendiz B. The data for the disposition of radioactivity im the
individual cissues and the carcess are summarized in Teble 9. The data for
three sddicienal peroral dose levels, 400, 600 end 800 mg/kg body weight, are
sumparized im Taeble 10 vhile excvreta comparisons are presented in Flgure 6.

The individusl end mean data for these enimals are summarized, respactively,
in Appendices D and E.

The main features of this portion of the date were guite comsistent with
the- initravensus materisl balsnce results. That is:

1. Expired 14632 vas the major metebolite folleowing peroral 10 mg/kg
deses, with urine the secondary l4¢ exeretion route;

2. Ezcretion of 14c.1sbeled metabolites in the urine became the
predominsnt mode of eliminstion of l4¢_pc-derived radioactivity as
the dose wae {mecreased to 1000 ag/kg.

3. Intermediate peroral dose levels of 400, 600 and 800 mg/kg resulted
in trensition relationships for 14C0, vs. urimary i4C
elimination; thus, 14C0, expiration decreased as dose was

increased and the amount of urimary 14¢C output was directly related
to magnitude of the dose.

4. Lesser smounts of 14¢C residve were recovered in tissues/carcass for
the high dose enimals than for the lov dose animals.

For the 10 mg/kg dose groups, & total of $3.4 ¢ 2.1% of the administered
dose was recovered for male animels end 91.8 ¢ 3.4% was recoversd in female
animals. Expired 14602 {Pigure 3) represented the major excreticn route
4n both meles (42.2%) and females (47.9%). Figure 54 shows that lower
percentages of the administered dose were excreted in the urine (26.2% for
males; 25.5% for females) and in the feces (2.9% for males; 2.8% for females)
when compared to the expired 14602 values. As was observed for the 10
mg/kg intravenous dose recoveries, there were mo clear differences between the
sexes in efither the routes of excretion or the magnitude of dose perceatage
recovered in excreta (Figure 5). Slightly more of the dose was recovered in
the urine (Pi{gure 4) of females than of males and comparatively less
radioactivity was present in tissues from femalee (5.7%) than in tissues from
males (10.1%) at 96 hr efter dose administration. However, the differences in
tissue recoveries resulted from the lower percentage of the dose being
recovered inm pelts for females than for males. This apparent decrzase in
recovery 1s not comsidered to indicate any blological eignificance. Carcass
and cage wash recovery values vwere virtually the seme for both sexes.
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4 dose-dependent shift in routes of excretion, simllar to that observed
with the 1000 sg/kg intravencus dose, ocecurred vhen BEC was sdministered
perorally et 1000 mg/kg (Figure $5). Overall, 83.2 & 7.2% of the dose was
recovered for male animals and 83.3 & 3.3% for females (Table 8). The urine
(Figure 4) was the major route for radicective dose elimiraticn im both sexes
(82.7%, males; 35.0%, females), while lower parcentages of the dose were found
as expired 14C0, (27.3%, males; 28.2%, females). Fccel elimination
gcesunted for aé&ieioncl low percentages of the doss (2.4%, males; 4.4%,
females). Relative to the other imtervale of collection, the recovery for
excreta samples was most variable in the 12-24 hr intezrval, perticularly for
the collection of femele urine samples (Table 8). This wvaristien accounted
for much of the apparent difference betveen mean total percentages for urine
over 96 hr post-desing for bDoth meles end femsles. However, & large
percentege of the dose was recovered in cage wash samples for females (with a
large variation as well) and much of this spparent difference in urine
recoveries can be accounted for ip this fraction. Comparatively lewer
recoveries then for the low peroral dese were observed for tissues and carcass
from this high dose group (Tebles 7 and 8) and this was agein comsistent with
the magnitude of the differences between the high and lov imtravencus dose
groups {(Tables 4 and 5).

Individual tiseue recovery date for the 10 mg/kg peroral dose are
pregented in Part A of Table 9; the corresponding data for the 1000 mg/kg dose
are presented in Part B of this table. For the 10 mg/kg peroral dose, the
larger tissue recovery percentages vere observed in the male date for liver,
ecarcass and pelt. Tiesue/plasma ratios of greater them 1.0 were calculated
for liver, kidney, lung apd pelt, indicating & grester presence of
radiocactivity in these tissues than would be sccounted for by perfusion
alone. Tissue/plesma ratios of lese than 1.0 were caelculsted for brain, fat,
testes and carcass in meles. Tissuve datéd from females indiecated similer
percentages of the dose, except for the pelt, which was higher for males.

Data for the 1000 mg/kg dose indicated that there was a lower peccentage
of edministered radloactivity presemt overall, when compared te lov dose
tissue recoveries, which was epprozimately two-fold lower when expressed as e
percentage of the administered doee. The tissue/plasmae ratios were slightly
elevated from lower dose values for the liver, kidney, lung, carcass and pelt
of males and the kidney, lung, carcass end pelc¢ of females; the ratio for the
liver was comparsble for females between the high and lowv peroral deses. This
vas again comsistent with intravenous study results since the difference in
ug EG/g velues between individual tissues for the two dose levels was
approximately two crders of magnitude higher as the dose waz inecreased
100~-fold.,

The date obtalned for the dispasition of radiocactivity {mesn data ¢ 1 S.D.)
following the peroral adminjstration of l4¢c.pG at 400, 600 snd 800 mg/ksg
body welght doses are summarized ln Table 10 and presented graphically im
Flgure 6. Individual animal date ere presented in Appendix A and mean animal
date (with all intervals ¢f collection included) are presented in Appendix B.
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To furither definme the repsge for dose-depenient chanign in pereral dose
route excretion patitesns, ssmples of urime and expized coz vere

eoliected from male and femsle snimels for 96 hy post-dosing following peroral
doses of 400 and 600 mg/ke body weight; the final dose was mot selected until
results from these dose levels had been evaluated. Por male animals, the
largest fraction of the dose was vecovered as expired 14602 (Figure 6A) in
both the 400 mg/kg dose (38.8 = 0.8%) and the 600 mg/kg dose (3& 0=

1.5%), Both of these recoveries were of simlilsr megnitude to 14 €Oy

recoveries for the 10 mg/kg dose (42.2 2 0.3% for males, Table 7), with the
emount expired inversely related to the administered dess. Lover mean
percentages of administered dose were recovered for mele urine samples (Figure
6B) then for 14 C0,, making these recoveries consistent with excreta

samples recovered for the 10 mg/kg peroral dose. However, the mean recoveries
exhibited large stendard deviations, partiecularly in the 0-12 hr collection
interval, for both doses (Table 10). HMale urine recovery totals for the 0-96
hr collection period were 20.5 = 9.4% (individuval %: 26.1, 19.5, 7.7 and
28.8%) for the 400 me/kg dose and 25.8 = 10.2% (individual %: 40.1, 21.7,
25,2 and 16.1%) for the 600 mg/kg dose (Filgure 68). With this wvariation, it
wag only possible to say that urine recoveries for males st these twe dose
levels were more comparable to those ebserved for the 10 mg/kg dose (26.2 =
2.1%, Table 7) than to the 1000 mg/kg dose (42.7 = 7.1%, Teble 8).

Excreta data for femeles from the 400 and 600 mg/kg peroral deses
presented a different profile which was less distinect than that for males
(Figure 6). Urime and expired 14 €0y recoveries were very similar at the
400 mg/kg level, with 38.0 2z 7.6% (individual %: 44.1, 43.6, 27.8 and
36.7%) of the dose recovered as 14¢ 4n the urine (Figure 6B) end 39.4 =
1.0% of the dose elimipated as expffed 1*602 (Pigure 6A). Urinacy iag
excretion was slightly lazger than 14 COZ gver 96 hr for the female 600
mg/kg dose groups, but the veriation of individuel urins recoveries asgain
cemplicated the Interpretation of the dete. A total of 37.1 & 17.0% of the
dose (individuval %: 17.4, 28.4;, 50.6 and 52.0%) wag recovered in the urine,
vhile 32.8 = 3.4% was expired as 15002. Thus, the 14C0, elimination
data appeared to Indicate that femsles Iin the 400 mg/kg dose group expired
roughly the same percentege of the dese as the 10 mg/kg females (47.9 =
0.8%, Table 7) while the 600 mg/kg females eliminated the dose as 14C0,
similar zo the 1000 mg/kg females (28.2 = 2.1%, Tetle 8). However, urine
l4¢ date indicated a greater similarity to the 1000 mg/kg femeles, which
displayed a recovery persentage of 35.0 = 13.2% (Table 8). Further
examination of the variztien in this high doge group reveeled individual
recovery pegcentages of: 47.2, 41.2, 16.1 and 35.0% of the dose in wurine.
The 10 mg/kg female urinary recoveries were far less variable (25.5 =
3.8%). Therefore, sithough it might be concluded from the female urine data
that a dose-dependent shift In excretion routes occurs at doses execeeding 400
mg/kg perorally, it cen be seen that the similarities in male urinary lag
date for the 400 and 600 mg/kg doses make it Gifficult to establish this dose
range conclusively (Figure 6). Because of this aebsence of a clear distinction
betveen the 400 snd 600 mg/ke dose, it wes concluded that the last pereral
dose would be 800 mg/kg for both sexes.

Results for the recovery of radiocactivity in urine and expired 1@692
following an 800 mg/kg peroral dose are summarized in Part £ of Table 10. For
male animals, & total of 26.7 2 6.4% of the dose was recovered im the urine
(Figure 68), while 20.1 2 2.1% was expired as 14 €0, (Figure 6A). TFemale
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animals excretad 41.0 = 3.1% of the 14C dose in the urine apd 32.1 =

2.3% es expired 14C0, at this dose level. For males, the individual
animalvaluee for vrine recoveriea weres 24.4, 20.4, 26.6 and 35.5%; female
individual urine recovery values were: 40.2, 42.1, 34.6 and 47.0%. The
majority of the male values were similar to individual values at the 10 mg/ksg
pereral dose: 29.2{ 24.4, 25.9 and 25.2%. Taken together with the slightly
higher rzecovery of “4603 at 800 mg/kg, the excreta profile egsin appeared

to be more similar to the iow perorel dose excreticn patterns, &8s was true for
the 400 snd 600 mg/kg pererasl dose im males (Plgure 6). At the highest dose
level tested in femalss, wmore of the radioactive doss was eliminated inm the
urine (35%) than in the expired 14C0, (28%) end eimilar differences

betwesn excretion routes were observed im data for the female 800 mg/kg
peroral group. Thus, for male rats, a dose-dependent shift im urinary
excretion reutes appeared to occur between dose levels of 800-1000 mg/kg boedy
veight. In females, this shift was more difficult ¢o pinpelint buz appeared to
eccur berween 10-400 mg/kg. However, due to the degree of variabiliey
encountered in these determinations, 1t would be difficult to call this a true
gex dilfference. :

The data obtained fer the disposition of rediocactivity (meenm = 1 §.D.)
following the pescutaneous application of l4¢_2¢ in undiluted 10 or 1000
mg/kg body welght doases or a 50% squeous 1000 mg/kg bedy welght dose arve
summerized, respectively, in Tables 11, 12 end 13; individual animel data ere
presencted in Appendix A end meen asnimel data (ineciuvding s&ll intervals of
collection) are presented in Appendiz B. The data for the disposition of
radicactivity in the individual tissues end the carcess are summarized,
réspectively, in Tables 14 and 15.

The mejor findings of the percutanecus study segment of this lnvestigation
weres

1. Undiluted doses of either 10 or 1000 mg/kg resulted in the expiration
of 14C0, as the major metabolite, with smaller amounts of 14C
being excreted in the urime, end most of the applied dose being
recovered from the materiasls usmed to ecclude the dose site;

2. An squeous 50% w/w dose, applied at 1000 mg/kg, showed similar
results to those for undiluted EG percutaneous doses, with 14C0,
agaein the predominant elimination route and the mejority of the
applied dose recovered in occlusion materials;

3. BRelatively the same recovery values for tlssues and excrets were
found for each cutaneous dose group, regardless of application
conditcions.

Following an applicetion of en undiluted 10 mg/kg BG, 31.5 = 2.1% of the
edministered dese penstrated male skin and was systemically-available while
31.5 £ 17.2% of the dose penetrated female rat skim (Table 11). The balance
of the recovered dose was contained im the occlusicn materials (used to
prevent orel ingestion of the dose) and in the skin removed from the dose
site, which had been thoroughly rinsed at study termination to remove any
unsbeorbed radicective doge (part B of Teble 11). This dose site recovery
fraction emounted te 17.4% of the dose in mesles and 10.9% in femalzs,
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with 9.9% recovered in the rinsed skin of males and 2.9% found ia female skin
sas 1@9, The lergest fractien of dose which penctrated male skin was expired
602 {Figure 1, 14.0%8). Lesser amoumte of 14¢ were excreted in the
u:ine (Figure 2, 6.7%) and in the feces (1.1%): most of the doze vas execreted
afcer 24 hr pest-dosing. Ancther 9.7% of the dose was recevered in tiasues,
carcasse and cage wash fer the males. Similer results for distribution of the
ebsorbed dose were observed for emeretich and tissue distribution in female
rats. Agein, the largest excretion fractioms were im expired 14 €02
{13.1%) and urine (8.2%), with greatest amounts excreted after 24 hr
post-dosing (Figures 1 and 2):; another 1.1% of the dose was eliminated in the
feces. Overall, this dose pemetrated male and female akim about egually (with
greater varistion for the femasle animsle) and wes subseguently elimineted with
gimilar percemtages {n the individual fractioma. However, the overall
recovery of radiocactivity follewing an umdiluted percutaneous dose of 10 mg
EG/kg dody weight (Table 1l1) was 48.9 = 5.0% for male animals and 42.4 =
19.2% for femele animels. Further extrsction of the ocelusion appliances for
the dose site yielded onliy minor additionel percemtages (0.2 - 0.5%) of the
radiocactive dose. This fimal recovery result would eppear tec support the
conclusion that the dose delivered te the site of applicezion was subject to
losses which were unaccounted for and lead to an overestimation of the
rediocactive dose applied in this group of enimals.

The 1000 mg EG/kg percutaneous dose of wndiluted BG showed similar
penetration and excretion petterms for both sexzes te those cbaerved for the 10
mg/kg percutanecus dose (Teble 12). Expired 14 €02 (Figure 3) vas alse the
major elimination route at this dese level (14.4%, males; 1l. &ﬁ, females),
followed by 14C excretion in the urine (Figure 4, 8.1%, males; 7.6%,
females) and in the feces (0.68, males; 1.4%, females). Tissue and carcass
distribution, and recoveries in cage weshes accounted for the balanece (12.6%,
males; 3.8%, females) of the oversll recovery of absorbed radiocactivity for
this dose group. A tetal of 35.7 2 10.7% of the applied dose penetreted the
skin of male pats, while 29.1 ¢ 2.7% penetrated female rat skin over the
96-hr ezposure periocd. The remainder of the applied radiocsctive dose wss
recovered from the eocclusive coverings, rinses of the dose site, and in the
skin from the site (pert B of Table 12). A total of 48.2 = 9.4% for males
and 55.6 & 2.2% for females of the applied dose was foumd in these
fractions. Im total, 83.8 = 4.1% of the dese for males and 84.7 = 2.0%
for females was recovered at the termination of this segment of the study and
there were nc substantisl differences in the skin penetration of this applied
dose betveen sexes.

Similer tissue and excreta recoveriss to those for the two undiluted doses
were obtained following the application of & 50% aqueous EC solution &t a dose
of 1000 mg/kg body weight (Table 13). The amount of radloactive dose which
penetrated ekin was 22.1 & 4.0% for males and 25.8 = 2.7% for females from
this 50% aqueous solutiom. Of the total sbsorbed dose amowmts, the largest
excretion fraction was again in the expired 14 €Oz (Figure 3). Males were
siightly lower in the emount of 14 €0, expired (5.9%) in comparison to
females (9.3%) (Pigure 3), but urine radiocactivity levels grigure 4) were
virtually {denticel (4.6%, males; 4.4%, females). Fecal 14C elimination was

minimel after thie epplication for both meles (0.6%) and females (0.5%).
Values for recovery im tissues, carcass end cage wash were almost identical
hetween the sexes ae well (11.0%, males 11.6%, females). Again, as with the
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high dose of undliuted EG, the bulk of the recuvery wes obtained im ecclusion
materials and dose site (rinsed) skim: 59.2%, mwales; 56.8%. Overall, 81.2

¢ 32.8% for meles and 82.7 2 4.5% for femsles wes recovered from the total
gadicectivity epplied. Teaken together, these results demonstrate that there
were no subetentiel differences in the penetration of skin by & 50% EG
sclution betveen male and femsle rats. Hovever, somevhat lower recoveries in
tiseues and smereta vare generslly foumd for this dosing epplicetion than was
czue for the wmdiluted 1000 mg/kg epplication. These results are thus

consistent with the iower effective EG concentration (500 mg/kg) which was
epplied im the 50% dose.

The distribution of radioactivity to tissues and carcass following three
different percutaneous dosing regimens of BE (Tables 14 end 15) showed similer
disposition profiles to those observed for the intravenous (Table 6) and
peroral doges (Table 9). For the 10 mg/kg wndiluted percutencous dose (Pars
4, Teble 14), eppreximstely 1.0% of the administered dose was recovered in the
livers of male and femaele rats and the recovery in carcass and the pele
exceeded 7.0% of the dose for both sexes. Tigsue to plasma ratio values of
greater than 1.0 were calculated for liver, kidmey and pelt in Doth sexes and

for lung tissue in female rats; lumg tissue in male rats hed & tissue/plasma
ratioc of slightly less than 1.

At the 1000 mg/kg vndiluted dose (Part B, Table 14), notable percemtages
of administered dose were recovered for carcese and pelt and the tissue/plasma
raties exceeded 1.0 for liver, kidmey, lumg end pelt in both male and female
rate. Recoveries for the 50X agueous dese (Table 15) were enly slightly
different than those obtained for the tve mdiluced dose groups. Only carecass
and the pelts contained more then 1.0% of the applied dose and a tissue/plasme
ratio greater than 1.0 was calculated only for liver and the pelt im both
males end females. Hinor concentrations of radiceectivity were recovered in
fat tissue samples of both ssxes and in the testes of male rate for all three
percutsneous dosing regimens, indiceting that this exposure route for BEG does
not tend to result im any epprecieble aceumulation in these two tissues
following & esimgle dose axposure., Taken together, these tissue distribution
" results are consistent with the oversll metabolism end exzcretion patterns for
this chemical and do mot indicate any specifie sccumulation potentiel for a
particular organ or tissue following a single percutaneccus dose of EG.

uamaries for the
pharmacokinetics dosing groups ere contsined im Table 2,

Also, prior to the intravenous studies, s probe study om intravenous
injection was conducted. Comparison of the results for relative distribution
of 24¢ afcer intravenous injection via the two peints of entry are presented
in Table 3. HNo substantisl differences in }4¢ distribution/elimination from
the plasma were seen. Therefore, the animals selected for the intrsvenous
pharmacekinetice studies ware injected with en EG dose wia the cannule since
this injection route did mot result im any substantially different
distribution of EC then for & tall veim injection of the dose. In addition,
only negligable amounts of 14C were associated with the cannula tubing,
indicating thaet BEG was not sbsorbed inco the tubing during injection.
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The zezulits from the pharmacokinetics phase of this investigation will be
desczibed in the following erder: 1) initial pharmacokinetic parameter
estimation from plasma radlocactivity concentrations; 2) results of the
snalytical determinations for unchenged EG in plesma; and 3) pharmacokinetic
parameter estimations and biloavailabllity calculations uvesing pilasme EC
snalytical comcentretion dats. These data ave presented in this ezder to show
the differences in plasma pharmscokipetic profiles which resulted for upteke,
distributicn and eliminaticn of unchanged EG vs. metabolites present im the
plasme. The data have been presentad graphically in Pigures 7-20 end ihe
pharmacokinetic perameter estimates ere summarized inm Tables 16-32.

[N

The pharmecokinetic parameter estimates (ezpressed =23 mean values) whiech
were obtained from plesaes radioactavity date collected following the
intravenous injection of 1#C-EGC at either & 10 or 1000 mg/ke body welght
dose, are summerized, respectively in Tables 16 and 17. Individual snimal
data for these.studies are presented in Appendix D and mean animsl datas from
which group mean plasms values were obtained for :hese parameter estimatiens
are presented in Appendix E.

The disappearance of radicactivity from the plesma following a 10 mg/kg IV
dose followed @& biphasic eliminstion patterm (Figure 7 and §) vhich was
described using & two exponential equation. HMales end femsles showed
remarkably similar plasss 4¢ concentration ve. time proefiles for both the
distribution and elimination phases. The initisl distribution (=) phase for
plasma radicsctivity im both sexes (Table 16) wes very brief with a plasma
disappearsnce half-1ife value on the order of 1.5-2.6 minutes for both sexes.

This iniclel disposition phese was so wepid, in fect, that it was
éifficult to adequately describe the plasms dissppearance at this dose level
ueing the RSTRIP enalysis program. In eddition, a transiemt increase in 29C
concentration wee present in the plasme curves for both sexes between 1-4 hr
post-~dosing which could not be described well by RSTRIP. Relstive te the
initial phase, & much longer disposition (8) phase occurred at this dose level
vhieh resulted in elimination half-11fe values of 26.6 hr for males and 18.9
hr for females. These longer half-11fe values are consistent with the
extensive metabolism which occcurs for BG and may refleet delaved eliminstion
of the radiosctive dose due to the slower, rate-limiting steps im the
metabolie process.

The parameter estimates for the 1000 mg/kg lntravenous dose, summarized in
Teble 17, indicate similar pharmacokinetiec profiles for both males {(Figure 7)
and females (Pigure 8). There was & rapid initial disposition (=) phase,
although net as rapid as that observed following the 10 mg/ke intravenous
dose, and this vas sgain follewed by a prolonged terminal disposition (8)
phase in both sezes. However, the oversll differences in pharmacokinetic
behavior between the 10 and 1000 mg/kg dose levels mey be sttributed to the
poor fit of the lover dome plasma curve obtaimed in the RSTRIP emalysiz. The
distribution half-life values following the high dose were 3.9 and 2.7 hr,
respectively, for males and females. Disposition half-life values were
conslderebly longer than values for the inltiel phase: 37.0 hr for meles and
31.6 hr for females, Transition from the © to B phases of these zurves
began &t approximetely 30-60 min after Injection of the dese in both sexes and
lested until approximately 24 hr post-dosing when the linear portion of the
eliminstion phase heceme distinet.
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The phermacokinetic parameter estimates (expressed as mean values),
obtained from plasme radiomctivity collected follewing the peroral
administration of 14C-EG as either a 10 or 1000 mg/kg body weight dose, are
summarized, respectively in Tebles 18 end 19; individusl enims] dste for these
studies ere presented in Appendiz D and meen animel data from which group mean
plasma values were used for these parameter estimations sre presented in
Appendiz B.

The plasms radicactivity concentrations vs. time following a 10 mg/kg
percrel dose are presented grephicelly im Pigures 9 end 10. Absorptiom of
this dose was moderately rapid, with the peak plasma 14C soncentrations
occurring at 4-5 hr for both sexes. The helf-life of absorption values were
very similar for éither sex, with ebserption in the femeles being slightly
faster (tys2 of 2.2 hr) than for males (tys2 of 2.7 hr) after a 10 mg/kg
peroral dose (Teble 18). Tollowing this sbsorption phaee, the disappearamée
¢f radicactivity frem the plesse followed & hlexponential mathemstical
description which had & repid ianlitisl (=) phase through the firse snlsii;i
after dosing and 2 much slower terminal (B) phase which lested umtil
termination of the exposure at 96 hr post-dosing. Imitial (=) and termifal
(8) disposition phases were remarkably similar for both sexes, with a 5.2-5.3
hr half-life value calculated for the initisl disposition (=) phase and &
38.4-39.8 hr half-life value computed for the terminal (B) phsse of the plasma
l4g disappearence curve. This longer terminel phese could indicate
extensive metabolisa for the sdminietered chemical and was compareble te the
long elimination phese observed for the 10 mg/kg intrsvencus dose. In
addition, area under the curve (AUC) velues vere quite ‘comparable through 96
hr post-dosing with AUCgg values from the low imtrevenous dose (Table 16),
indicating the similarities between these two routes for the imitial and
terminal disposition phases for radiocactivity (EGC and metabolites) following a
10 mg/kg dose.

_An extremely rapld sbsorption phase characterized the plasme uptake of the
1000 mg EG/kg peroral dose in both male end female animals (Pigures 9
and 10). Peak pleasme concentrations were achieved in both sexes. in about 1.1
hr following this dose and very rapld ebsorptiom half-1ife velues were
calculated (Table 19, 13.0 min, males, 33.3 min, femaleas). The disappearance
of radioactivity from the plesma wvas agein well-described with a biexponential
equation, just es it was In the 10 mg/kg peroral dose. The imitial (=)
phase for this clesrance from the plasma was roughly similar, both between
sexes (tys2: 7.5 hr, males; tysz; 4.9 hr, femeles) and in comparisen with
the same phase in the plasma curves for the 10 mg/kg peroral dose. However,
the terminal disposition (8) phase was different for males (tjss: 60.2 hr)
compared to the females (tys2¢ 32.0 hr) and this resulted in a greater
contribution from the AUCgge to the male plasma AUCe value (17.6% of
Bale AUC» value ve. 7.4% for females). There was a disproporticnste
increase for both sexes in the AUGe valuea between the 10 snd 1000 mg/kg
peroral plasma curves which wes lower than would be expected for the 100-fold
incresse inm dose (42.9-fold {ncrease, males; 41.9-fold increase, females).
Overall, the comparison of 14¢ pharmacckinetic parameters betveen these two
dose levels indicates that the total redloactivity (e.g., metabolites) at the
higher dose may be handled in & slightly different sanner thaam at the low dose.

/Z;.éq
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The pharmacokinetic psremster satimates (expressed so meen values),
obteined freom plasma radiocsctivity data collected followimg the peroral
sdministration of 14C-BC at 400, 600 or 800 ng/kg body welght dose, are
summerized, respectively in Table 20. Individual animel data for these
szudies are presented in Appendixz D and mean snimsl deta from which group mean
plasma velues were used for these psremeter e¢stimations ere presented im
Appendiz E. The plasma analysis for these dose levels was carried out using
blood samples colliected only at 24, 36, 48, 72 and 96 hr post-dosing. These
blood gampling times were seliected in order to eveid the disruption of

collection in the first 24 hr of the study (during whiech the bulk of

. ehe § COg ie expired) and to define the eliminetion {8) phase of the
G

plnsaa concentretion ve. time curves. Thus, no attempt vas mede to .
define the sbsorptiom end initial disposition phisses of the plasma curves for
chese doses.

Very similer pharmecokinetic parameters vere derived from the plasma lac
data collected follewing the peroral administration of a 400, 600 or 800 mg
EG/kg duse (Table 20). Vhen the plasmes 14¢ concentratioms from 24-96 hr for
the 10 and 1000 mg/keg dose groups were evaluated using RSTRIP (Pigures 11 and
12}, the slopes calculated for the 8 phese of these curves vere strikingly
eimilar to the slopes derived for the intermediste doges. Conseguently, the
terminel rate comstents and the corresponding half-life values were virtually
the sane for both males (Part A of Teble 20} and females (Part B) scross all
five dose levelis. These terminal half-1ife values (obtained from 24-96 hr
plasma time peints) showed remarkable agreement, ranging from 28-31 hr for
malee and 26-33 hr for females. The similarity in these elimimation half-life
valuese indicates that elimination is independent of dose in this renge for

‘both males end femsles (Flgures 11 and 12). Alse, the calculated AUCs

velues were roughly proportional to the admimistered dose. Figure 13
graphically represents the linear relationship observed whem AUCas—e is
plotted &8 a function of the dose as further evidence that the processes which
regulate the eliminetion of EGC are followimg fizet-order relatiomshipe; the
line drawvn wes derived from regression enalysis of all dete peoints exeept for
the 1000 mg/kg date, which does not appear to be proximal for either sex to
the line which can be drawvn for the other dose levels. This plot is shown
only to lllustrate the releticanship of the perorel AUC values te the
administered dose and does not include standard deviations since the values
vere darived from mean plasme data.

Pharmacokinetic paramster estimetes (expresssd a8 mean values) were
ebtained from pleema radiocactivity data collected in the perentaneous studies
over & 96-hr peried post-dosing. Following the application of undiluted

4¢-EC inm e 10 or 1000 wg/kg dose or as a 50% agueocus selutien (1000 mgikg),
the test materisl was kept in contact with the skin fer & 6 hr duration. A
wash-off st & hr post-dosing wes conducted as mtipulated In the study
protecel, Theese dats are summariszed in Tables 21, 22 end 23. The individual

gnimal date for these studies are presented in Appendiz D end mean snimal data
from whieh group mesn plasms valwnes were obtained for these parameter
estimations are presented in Appendi; E.
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The absorption of sn undiluted 10 mg/kg dose of 14C-2GC through skin of
rate and the subseguent uptake and disaeppearance of redicactivity from the
pleasms ‘Figures 14, males, 15, females) were appiropriately described with a
biexponential squetion vhich essumed first-opder transfer processes
(Table 21). Differences in bDoth plasma upteke following skin penetration and
in elimination were ebserved betwesn the sexes st this duse level., Pemale
rats achieved peak plagma concentrations et approzimately 11.1 hr after dose
epplication while male plasma concentretion mazims 4id mot ocecur until sbout
24 br post~desing. Furthermore, differences betvesn the sezes could be found
in the caleculated abeorption rate constants and their corresponding half-life
values (tjs2¢ 6.1 br, males; ¢3¢ 2.0 hr, females) and in the terminal
rete constants end corresponding half-life valuves (50.4 hr, males; 48.2 b,
females). This differemce wae supporsted by the findimg that spproximately 9%
of the dose was recovered in exereta and washed ekin of the male animals in
this study while 12% was found for females in these seme fractions (data from
Appendiz E).

The disappearance of redicactivity from the plasme following an undiluted,

percutaneous dose applicetion of 1000 mg EG/kg vwes well-deseribed by & two
exponential eaustion with first-crder transfer processes sesusmed (Figures 14,
males, and 15, :emsles). Abserption was faster than elimimstien from the
plasma at this dose level. 4 similsr absorption phese te thet for the 10
mg/kg percutaneous dose (Table 21) was appsrept for this high dose plasma
curve, perticularly with regerd 2o penetration of the skin in femalez vs.
meles (Table 22). As wee seen at the low dese, the peak plesme concentration
(€gax) for females occurred in about half of the time (13.2 br post-dosing)
than it took for maximum levels te be achieved in the males (24.4 hr). These
Cpax velues were also dose-proportional to the Cpgy valuss from the 10

mg/kg dose. While the magnitudes of these Cy,. velues were roughly
equivalent, the data indicate that g more rapid time course took place for
gkin penetration in femeles than in males. This comclusion is supported by
the shorter &bsorption half-1ife for fesmales (2.1 hr) compared to ma’es

(6.7 bhr). Deapite this apparent difference in the absorption time course, the

eliminstion of the dese from the plasma was very similar fer beth sexes and
was much glower than the absorption phese {tj,s for males: 65.4 hr; tj/2

for females: 70.1 hr). Similer percenteges of the applied radicactivity wer
recovered for either sex im excreta and weshed skin: 13% for males amnd 12.5%
for femsles {(data from Appendiz E),

Comparison of AUCyg values fer the 1000 8g/kg percutanecus dose with
these of the 10 mg/ke percutancoun dose (Table 21) indicated & dose~
proportional increase im AUC to the lest time polnt messured for both sexes.
This compsrisen iz copsistemt with @& firat-orvder behavior but a large
contribution from the AUCgg.w 12 eviden: in the 1000 mg/kg dose group.
However, becsuse of the veriation which {s commeon in percutaneous plasma
curves, this portion of the AUC mey contribute substantielly te an
overestimation of the AUCe, particularly for ¢the female plesme cusve im

e

whieh the veariatien {5 gquite evident. Owerall, these dats teken together with

the low percutsmnecus dose information suggest tha& EC le sbsorbed threugh
female skin in e slightly fester imltiel time-course than for males. In
addition, it should be remembered that the mejority of the dose was removed

and rinsed from the dose site at & hr post-desing. This ispilea that slightly

lerger amoumts of an acute dose may be absorbed through femasle skin in the
first & hr after exposure than for male skin. However, over the 96-hr study
interval, roughly the seme total amounts were sbsorbed and eliminated.

"2
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There was a difference in the time-course for skin penetration between the
wndiluted doses and the results for the 50% agueous EG dose vhen applied at
1000 mg/kg (Table 23). Because virtually nome of the dose penetrated, the
plasma semples snalyzed foz both malee and females were not quantifiable over
the 96-br experiment and these dats cculd therefore not be modeled using
BSTRIP. On the other hand, the summary of recovery deta given in Table 23
elear!, shows *hat omly 1.1 - 1.3% of the applied radlicactivicey penetrated
skin as 8 result of the 6-hr comtact pericd with this dose. This clearly
indicated that contact with a 50% agueocus dilution of EG does mot pose an
extensive absorption potential, even over 6 hr under occlusive comnditions.

Results for the GC/MSD anelyeie of pooled plesma samples from the
pharmacokinetics studies ere summarized in detall in Appendix C. Selected
plasma semples were pooled in equal volumes following collection, derivatized
with phenylboromic acid (PBA), and enalyzed for the cycliec phenylboromate
ester of EG using capillary GC with a Mass Selective Detector (MSD).
Unchanged EG was identified in these plasme samples using a Selective Ion
Monitoring {SIM) technique with the MSD and was gquantitated in comparisomn to
PBA-derivatized 1,3-propylene glycol used &s an internal standard. These EG
concentration results were then used in RSTRIP emalysis for the disappearance
of EG from the plasma vs. time. Results from the GC/MSD analyses were
obtained from all dose groups except for the undiluted 10 mg/kg percutaneous
study (due to unchanged BG concentrations which were below the limit of
detection) snd for the 50% aqueocus percutaneous dose (radiocactive
concentrations were not guantifiasble),

The results for the pharmacokinetic paremeter estimates which were
calculated for the 10 and 1000 mg/kg intravenous plasma EG concentrations from
GC/MSD snalysis are summarized, respectively, in Tables 24 and 25. For the 10
mg/kg intravenous dose, EG concentrations were only quantifiable up to 8 hr
for males and only to 4 hr for females (Table 24). Disappearance of the
unchanged EG from plasma was veli-described by 2 monoexponential equation with
s rate copstent of elimination which indicated a rapid clearance from the
plasme at this doase level (Figures 16 and 17). Eliminatien haelf-lives were
similar between the sexes (0.83 hr, males; 1.18 ht, ‘females) and both were of
short duration (Table 24). The unchanged EG from a 1000 mg/kg dose was also
cleared .rapidly from the plasma in a monoexzponential menner for both sexes,
displeying an eliminetion rate which was similar to that for the low dose
plasme curve (Table 25). A half-life of elimination vaelue of 1.98 br for
males and 1.73 hr for femsles was computed from the data for these plasmua
curves. In sddition, AUCe values for both sexes were dose-proportional te
AUCe values for the 10 mg/kg plasma data, indicating that EG is probably
cleared from the plasma in s first-order manner for either dose level. This
conclusion is supported by the plots which contrast the disappearance from
plasme of both unchanged EG and radioactivity .concentrations as & function of
time for both males (Figure 16) and females (Figure 17). The unchanged EG
plasme concentrations decreased rapidly im the first 0-12 hr for low dose
enimals and in the first 24 hr post-dosing for the high dose animals, while
radicactivity concentrations disappeared from plasma much more slowly.
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Perorel plesma concentretions of unchanged EG vs. time are preasented in
Figures 18 (malee) and 19 (females); the corresponding pbarsagﬁkinetic
parameter estimates are summarized im Tables 26 and 27. Extremely rapid
absorption of B6 oceurred follewing peroral imtubavisn for beoth dose levels
gdministered &nd in both sexes. The absorption rate constents were an order
of magnitude higher then the rete constants of elimination im all cases, and
the derived absorption half-1ife values were on the order of 10-20 min for the
10 mg/kg dose (Tsble 26) and 12-27 min for the 1090 mg/ke dose (Table 27).

For the 10 mg/kg peroral domse, the absorpticn and elimination of unchanged EG
was agein well-described by a momoexponentiel £it of the data with first order
transfer processes. The elimination rate was slower then the rate of
absorption and these elimination phases dieplayed half-life valuee of 1.42 ur
- for meles and 2.48 hr for females (Table 26). The last guantifisble time
point was at 12 hr post-~desing for males (Pigure 18) and 18 hr post-dosing for
females (Plgure 19), ®anking the overasll clesrsnce of vnchanged BG from the
plasme & comparatively repid procees. The uptake and elimination from the
plasma following the 1000 mg/kg peroral dose was aiso well-described by a
twc-exponentiasl fit of the date with first order transfeors assumed. The
absorption rate comstants from these data (Teble 27) were of the same order of
magnitude as those for the 10 mg/kg peroral dose {(Teble 26), with
correspondingly repld sbsorption helf-1ife velues {(JH.44 hr, males; 0.20 hr,
females). In addition, the elimination rates and their corresponding
half-1ife values were of similar duration between dosze levels and for both
sexes. Tskem together with the fact that the calculated Cyey and AUCs
values were aleo dose-proportional between dose levels for each sex, & linesr
{concentration-related) pharmaceckinetie relationship for unchanged EB was
spparent for these two peroral dose levels.

The samples collected for the evaluation of unchanged EG plasma
concentrations from the 400, 600 and 800 mg/kg peroral dose groupe were mot
quentifiable at the time points selected and could not be used for
pharmacokinetic parameter estimation. This resulted from provisions im the
study design to ccllect blood samples only st 24, 36, 48, 72 and 96 hr
pos-.- dosing. Earlier sespling times were not geiected im order to minimize
posxinle losses of 14 C0, samples durimg collection caused by the freguent
opening of the cages to drevw blood samples. However, the data described
previously for unchanged EG following the 10 and 1000 mg/kg doses dracket
these intermediete Ievels and clearly demonetrated the EG in unchanged form is
cleared from the plasma during 18-24 hr pericd post-dosing. Therefore, the
absence of gquantifisble levels for unchaenged EG at time poimts beyond 24 hr
after dosing ie consistent for the 400, 600 end 800 mg/ke peroral doses.

Percutansously-aspplied doses of undiluted EG resulted in guantifisble
levels of uncheaged EG in the plasma for only the 1000 mg/kg mele and femele
animels (Table 28). As for the peroral dose gcoups, a biexpomential equation
was sufficient to deserive the gkin penetration and elimination from the
plesma of unchenged EG for a 1000 mg/tkg application. The absorption rate
constants for umchanged G concentrations and the analogous l4g
concentrations (Table 22) were of similer magnitude, indicating that EG is
probebly being ebsorbed in the uwnmetesbolized form through the skin. TFurther
pvidcnce for absorption of essentially unchanged EG through the gkin was

~gerved in urinalysis deta for this high dose (presented in & subsegquent
section of this report). However, the elimimetion of EC from the plasma
displayed a fester time-course than was apparent for radiocactivity in this
dosing application (Figure 20). This elimination rate was faster than the \
:" k “.
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rate of slimination for rzadlioactivity (Table 22) by a factor of sbout 3 for
meles and by & factor of almost 10 for the females. However, Cpgy and
tpex Vealues were roughly similar to thess values for the radioactive plasma
deta for & 1000 mg/kg undiluted dose (Table 22) and to the tyex value from
the $50% eagqueocus percutaneous dose (Tebile 23). These similarities further
support the conclusion that EC is probably penetrating the skin in its
unchanged form.

The results for bloavailable dese (unchanged £6) vere derived from data
for the non-systemic dosing routes (peroral and percutaneous) and are
summarized in Table 29. These csleculations were based on the AUCs values
derived from plesme conceptration curves for unchanged EG {(Tables 24-28).
Overall, EG has virtually complete pereral bicavailabilicy for both sexes at
the two dose levels meassured; this was confizmed in the sbsolute
bloaveilebility celeulated from teotel radicsctivity for these doses (Part B of
Table 32). Also, while the intermediate peroral doses were not quantifiable
for unchanged EG, it can probably be assumed that AUCe values for these
doses would also imdicate a virtually complete peroral bloavailability. This
putcome is consistent with the rapid abeorption and elimination of EG apparent
from the peroral plasma curves and indicates that most, if not all, of an
orally ingested dose is taken up and systemicslly distributed. Percutaneous
bioaveilability was lower than it was for peroral doses, with & 1000 mg/kg
wndiluted EC dose being 22.5% bicavallable for males and 16.4% bleaveilable
for females over & 6 hr ezposure to the dose with a wash-off step included.
Similar biloavailability valuea were obtained for total radloactivity from
undiluted percutaneous doses (Part B of Table 33). The sgreement between the
sexes is ressonable here gnd suggests that a substential smount of sn EG dose
will penetrate skin unchanged over the course of a 6-hr exposure, despite
removel of any umabsorbed dose at the end of this period.

The HPLC snalysis of selected uripe samples from the high dese (1000
mg/kg) studles resulted im detectable levels of EC, as measured by the
refractometer, for all routes of administration. Furthermore, measurable
amounts of glycolic acid and/or ofalic acid were also present, and were
qualitatively identified by comparison of retention times with metabolite
stendarde. Generally, the levels of EG and metabolites in urine samples from
the low dose (10 mg/kg) etudies could not be detected by the refractometer.
However, retention times fer the radioactive peaks in these samples were
compared to those for charecterized peeke from the high dose studies teo
determine metsbolite profiles. EC and its proposed metebolites (oxalate,
glyozelate, glycolaldehyde and glycclate) had distinct, reproducible retention
times under the stated operating conditions. Although the glycolaldehyde and
glycolic ascid peaks were not rescived to baseline, there was & 0.4 minute
difference in their retention times which permitted their identification when
present at quantifisble levels. This resolution had mot been achieved with
the HPLC method used by Marshall (1982). Verification experiments indicated
thet glycolaldehyde and glycoliec acid could still be separated when the acid
was present in fifty-fold excess. The minimum detectable level of
glycolaldehyde was approximately S5 pg injected.
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Table 30 containa the mean values from urinalyses results for enimals from
the intravencus, oral and percutsnecus studies; individual animal results are
conteined in Appendix €. The results are expressed as the mean percentages of
total peak zedicactivity for all of the guantifieble peaks in & zum. Overall,
i4g-1ebellied ethylene glycol, glycolic acid and/or ozalic acid accounted for
the majority of the detectable radioactivity im the urine samples from a2il
dose routes. The occurrence of radicective peeks thet could mot be sesociated
with BG or known metabolites was relatively rare and mey have been due to peak
spreading. No glycolaldehyde or glyozylic deid wae detseted in any samples.
In general, the individual urinalyses show that the proportiomn ef unchanged
14c.gc to that of labelled metabolites was fairly comsistent emong animals
in e given dese group (cf. Appendiz €).

The urinary excretion of 150 for the high (1000 mg/kg) end lov (10
mg/kg) dose intravenous studies, as noted im the study by Marshall (1982),
indicated that & doge-dependent incrzsee in the amoumt of glycolie acid was
observed. Approximately 65% of the radloasctivity inm the high dese upines at
12 bours was- due to unchenged 14C-EC end the remaining 35% was accounted for
by glycolic ecid. In the low dose urine semples, léc.ze comprised sbout 93%
of the detectable radioactivity at 12 hours. A slight increase in the amount
of urinary glyecolic ecid (45%) was cbserved at 24 hovrs in the high deoase
samples for both sexes. In addition, the male uvrine samples from the 1000
mg/kg dose ccentained a significant percentage {17%) of ozalic acid at this
eollection interval.

The 14C content of urine samples from the bigh (1000 mg/ke) and low (10
ng/kg) dese oral studies was similar te that for the IV studies. The majority
of the radioactivity (92-96%) in the low dose samplee was due to 19C-EG at
both 12 and 24 hours post-dosing. An increase in urimsry glyeclie scid was
observed in the high dose oral seamples relative to the low dose. However, in
comparison to the high dosc intravenvus results, the percentage of glycelic
acid (approzimately 24% at 12 hours) wae slightly lower. Ozalie zecid
accounted for less then 8% of the totel pegk radiocactivity im urines from the
high and low dose studies. In comparisom to the intravenous and oral results,
the most notable differences in the percutaneous urine ssmples were the
greater percentages of urinary 14¢.2G at the 1000 Bg/kg dose level
(87-100%), and the lack of detectable oxalic acid in eny samples. At the 50%
squeous 1000 mg/kg dose level (effectively 500 ag/kg), gxposure to the test
chemical was terminated after 6 hours; urinery 14¢-EC accounted for 100% of
the detéctable radiosctivity through 36 heurs. These results indicate that
measurasble evidence for metabolism of 14C-ethylene glycol, based on

. measurements® in the urime, did not oceur follewing percuteneous exposure.

The results frem this investigation have provided evidemce for the
follewing conclusicons: :

1. The disposition of ethylens glycol following either intravenous or
peroral routes vas essentially the same, with similar percentages
recovered in tissues and excreta for a given dose by both routes and
for either sex (cf. Figure §).
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2. The dose-depemdency described in prior studies for the disposition
end excretion of Iintravencus ethylene glveel doses was confirmed in
the present study and extended for the same doses when administered
pereorally.

3. There was an absence of dese~dependent chenges in £ispositiocn and
elimination followinmg the percutanecus eppliecsticn of ethylene glycol.

4, The apparent abseace of any dose-dependent pharmacckinetic patterns,
uhich were obeerved in the plasma comcentration ve. ¢ime curves, mey
be explained by the metabolism of ethyleme glycol.

5. With the ezception of slightly faster absorption rates for skin
penetration by the radiocactive dose in female rets thaa for males, no
clear sex differences Iin the overall uptake, metabolic rane or
elimination of EG wvere observed for amy route of administration im
this study.

Several general features regarding the dlsposition of tetal radioactivity
vere apparent in the materiesl baleance portion of these experiments. &
generally higher percentage of the dose was found in tiesues and carcass from
the lov intravemoues and peroral doses end is probebly related to the excensive
metaboliem of E6G. The observed higher tissue/plasme values for liver, kidney
and lung sre comsistent with metabolisa and excretion of EG by the routes
indicated im the dispoeition data. Aleso, the grestest variation in exmcretion
- recevery values occurred in the first 12 hr after dosing, particularly for the
urine recoveries. Although 96 hr pastndosins was selected for the period cof
excreta collection, viftually all of the 18¢c ynich was voided in the urine
and most of the dese fraction expired as 14 €0y was excreted im the figst
24 hr after dosing for the intravenous and peroral studies., This eollection
period was selected to follow the design used by Marshall (1982) in the
collection of excrete followimg intravenous dosimg with ethylene glyeol.
However, the 24-96 hr collection period had the greatest significance for the
percutanecus dose applications, during which the largest component of
penetration of EGC was occurring from 12-24 hr post-dosing. For the most part,
the elimination of these percutaneous doses toek place over the final 24-96 hr
of the experiment.

Similar disposition patterns te these reported by Marshall (1982) for
intravenous EBG doses of 20, 200 and 1000 mg/kg were observed for spprozimately
the seme intravenous dosees {n the study reported here. Furthermore, this
pattern wes also shown te be true for the pereral materisl balance recoveries
(Figure 5). In fact, EG by the peroral route was extremely rapidly absorbed
ané, as presented in the pharmacokinetics results (Table 29), ecsentially
showed a complete oral binavallability when compared with enslogous
intravenous doges. Accordimgly, for both of these routes the dose-dependent
changes in execretiom routes and amounts agreed with the grior results of
Marshall (1982) who reported an increased excretion of 148¢ in urine with
increases in dose, along with a concomitant decresse in expired 14¢0,.

The urine anslytical results from this atudy also concur with Marshall’'s
report of increasing glycolate comcentrations im the urine as dose i
increased. The output of glycolate in the urine (as a & of the recovered
dose) only increassed approximately 10-fold when the intravenous dose was
increased from 10 to 1000 mg/kg in our study (cf. Appendix c}, 8imiler
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incresses in glycolate comcentrations were detected in urine samples collected
during the first 24 hr after peroral doses of EG, thus confirming that, within
the dose range tested, percral doses of IG followed similer elimination
patterns to those for intravenous EG doses. '

The dose-dependent chenges in routes and rates of excreticm were further
examined for the peroral route of administration. Doses of 400, 600 and 800
mg/kg were administered peroraily, based on the followinmg raticmale: The
selection of the 10 and 1000 mg/kg dose levels for the present study wae based
on previous intravenous dose levels of 20, 200, 1000 and 2000 mg/kg used by
Marshall. Alse, the 100-fold difference in dome levels was selected to
ezamine & first~order (dose-proportionete) ve. dose-dependent mature in EG
pharmacokinetics. BEvaluation of doses intermediate to the 10 and 1000 mg/kg
dose levels wss etiempted using 200 mg/kg increments for higher doses from the
200 mg/kg intravenous dose data availeble from the Marshall paper. This
seemad to be & .reasoneble aepprosch, since the excretion datas from this prior
200 mg/kg intravenous dose was virtually identical to the amounts excreted in
urine and expired 14C0, for either a 20 mg/kg dose (Marshall, 1982) or the
10 mg/kg intravensus doge im the present investigation. Taken together, these
dets effectively defined 200-1000 mg/kg &s the dose rangs for which ao
pharmacokinetic information by the peroral route existed in the rat.

Ia the attempt to define & "bresk point® for the dose~dependent shift in
routes of exzcretion, it appeared that the data followed more of & gradusl
transition, perticulsrly for expired 14302. then an actusl "break poimt”®
for this change. The amounts of radiocactivity excreted in the urine following
peroral doses of 400 and 600 mg/kg (Teble 10) indicated a similar disposition
to the lowest dose (10 mg/kg) for mele urine data {e¢f. FPlgure 6). Conversely,
the expired 14602 levels decressed steadily as the dose was increased.

Thus, there was nmo clear-cut shift in excretion routes as compared to the 1000
mz/kg dose, which showed incressed urinary l4g output and decreased

1 C0, expiration. Consequently, the 800 mg/kg dose was administered to
nerrow the range further. These datas confirmed a transition in the
enticipated dose-dependent shift from more to less 14602 elimination as

doge was increased. Equivalent smounts of the dese were emcreted by elther
route for males and slightly more of the dose was excreted im urine for
females, Therefore, due co the individuasl wvariation In the date which is
inherent for interval urinary ssmple collection, it wes only possible to
define the transition as occurring between 10 and 400 mg/kg for the femules
and between 860 and 1000 mg/kg for the males. Given the mature of the
dose-dependent changes in the overall metebolism of EG, it is reasonable to
expect thst this shift will be more of & gradual transition than a
well-defined bresk in the dose-response curves. This has been deacribed for a
cage in whieh the elimination of a drug cccure by a combination of saturable
(or Michaelis- Menten) kimetics and a parallel- apparemt first-order process
(Givaldi end Perrier, 1975). Thus, the drug exhibits tj s values which axe
independent of dose at dose levals vhere the Ky is not exceeded. Eowever,

as the capacity-limited process (e.g., metabolism) is overvhelmed, the rate of
the parallel first-order elimination process increases proportionetely to the
increase in dose. Thesa parallel processes appear to be responsible for the
overall elimination of EG. -
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Penetration of the akin by EC did n ¢ follow this same dose-dependent
behavior between the 10 and 1000 mg/kg doses. Instead, percutaneous
ahsorption followed apparent filist-orusr relatiomships, as indicated by the
4cse~proporticnate increases in AUC velues. This resulted im tissue and
excrrte recoveries which were similar, regardless of the dose level spplied.
Foliowing an epplici.ion of the umé.luted EG doses, the absorption process was
#low over the initiel 24 hr of the experiment. This was indicated by
rgbstantially lower recovery values im excrets (as percent of dose) than for
the other two routes. In additicm, virtually all of the urinary radioactivity
voided in the initial 24 hr after applying the 1000 mg/kg dose was excreted as
unchanged 14c-z¢. Thus, the urinary elimination of either undiluted
percutaneous EG dose (10 or 1000 mg/kg) resembled the excretion profiles
exhibited by the 10 mg/kg inmtravenous dose. This evidence indicstes that the
elow absorption of EG through the skim acted te limic the overall exposur:z to
EG. This was furtbher 1llustrated by the differences observsd betwaen the
balance and pharmacokinetice studies following a 50% asgueous dose of EG. In
the balance studies, the absorption of & 50% aqueous dose left in place for
the entire 96-br_collection period amounted to 22-26% of the dose spplied.
However, plasme l4g jevels following the seme dose in the phermacokinetic
studies (washed off the application site 6 hr after dosing) were not
guantiflisble for both meles and females. Thus, the time-course for skin
penetration appeared to be remarkably slower for a SO0% agueous dose then for
an undiluted ome.

The recovery of dose was much lower for the 10 mg/kg balance study than
for the other two percutaneous dose levele. This was not a cenclusive finding
since data from the pharmacokinetic study at this dese level indicated a
higher overall recovery of dose from the occlusion materials (cf. Table 23)
than wvas found in the corresponding. balance study for this dose. Relatively
the same amount of radioactivity was applied to rat skin ia this second study
and, while these recoveries were obtained at 6 hr after dose epplication in
this second study (due to & provision to wash off the dose at that point),
approzimetely 87-94% of the dose was recuvered In the oceclusion materials.
This large loss in the apparent recovery for the balance study mey be related
to small errors in the weighing and delivery of the very emall dosing volumes
(2~2.5 ul) applied in this study. Such lomses could have resulted im an
overestimation of delivered dose, It therefore seems that much of the missing
fraction for this 10 mg/kg dose may have been lost prior to, if net during,
the 96-hr exposure peried im the Balance study.

A sumerty of the pharmecokinetic parsmeter estimation information for each
route of administration studied 1 presented Iim Tablez 31-33, Data for both
unchanged E€ and total redlicectivity plasme concentrations are presented in
these tables to comtrast the differences in EC pharmacokinetic behavior vs.
that for its metabolites. The unchenged EG deata for the intravenmous route
(Teble 31, Part &) demonstrate & first-order Rinetic behavior (dose-limear)
between the 10 end 1000 mg/kg dose levels. This le evident frem Alls
va.Jeés which are roughly dose-propertiemsl. Furthesmore, dose-independent
relationships can be seen in the values for the tetal clearsnce of EG
(Clporal *°), the mesn residence zéme (MRT), the spparent velume ef
distribution at steady atate (Va » the terminal half-life (ty/2 5),
the total amount of BE ¢xcreted inm the urine (U gg’ guantitated to 24
hr post-dosing), and the renal (Clpenal °¢) end metzbolic (Clpop-renal)
clearance values. Taken together, these parameters all demomstrate san
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spperent first-order plasma time-course (Figures 16 and 17). This is not
aspparent in the exereta profiles, for wiilch a dose-dependent relationship
exists for total radicactivity: e.g., Us and 14C0,® (as percentages

of administered dose) chenged in magnitude es the dose level wes increased
(Part B of Table 31). Marshall {1982) made similar conclusions regarding the
ehsence of any dose-dependency im the clesrance of 14¢ from plasma.

Mershall alse found this apperent dese-independence in plesma data snd
coneluded that this was the direct result of @ compensstory remal clearance of
14¢_3abeled glycolate in conjunction with a decrease im expired 14C0,

output. Increases in urimary 19C-glyeolete were observed in the present
study when the dose was increased from 10 to 1000 mg/kg EG, indicating that
metaboliss makes a substantial contributien to the terminal disposition phase
of the plasma dlsappesrance curves for the higher dose level. This
difference csn be readlly seen in the plesma curves for unchanged EG following
intravenous doses (Figures 16 and 17). This wae particularly true for the

10 mg/kg plasma radioactivity curves (Figures 7 snd 8), for which an apparent
increase in concentration cen be observed im the 2-8 hr portion of the curve.
This apparent influx of radiocsctivity may represent an entry of metabolites
derived from EGC into the plasma, since EC was shown to be so repidly cleared
(ty/2 of 50-70 mim).

Further evidence for this dose-independent behavicr in plaszma pharmaco-
kinetics wae observed for the peroral administration of EC (Taeble 32). Again,
AUCs, was roughly dose-proporticmate between the hiigh and low dose levels,
while apparent Clpoeq) B¢, MRT, spparemt Vg 55, ty,, &, U, E6
and the spparent renal and non-renal clearance values were all independent of
dose for this sdministration. The remarkable aimilarities of peroral te
intravenous parameter estimates are consistent with the nearly 100% bloavaill-
ebiliey ealculated for the ssme doses. The rapid diesasppesrance of unchanged EG
va. radioactivity concentrations can be readlly viewed im the plet fer
simultenecus curves for these data (Figures 18 and 19). Furthermoére, the
dose-dependency for urine and 14c02 ezcretion cen be readily seen in the
values calculated for Us.and 14C0,® (Part B of Table 32). The dose-

.independent behavior for AUCs, MRT and tjss P in these radisactivity

data suggested that the total radiocesctivity profile was etill first-order in
the plasma following peroral doses, despite this dose-depeiident shift in
exerecion routes for radiosctivicy. Por the undiluted dose percutanecus

- gtudies (Table 33), dose~proportionality could met be cempered for the

unchenged B date (Part A) since the 10 mg/kg dose EG .concentrations were not
guantifiable. However, the high dose dats shov that the fate of EG in pleama
hed virtually the same time-course ae the radiocactivity did in this study. This
was readily eomfirmed in the similer values calculated for absolute
bisavailebility vhen either unchanged EC plesma data (Table 29) or total
radiosctivity data (Table 33) are compared. The EC termimal half-life

(t1s2 B) values were of the same magnitude as the corresponding values for
radioactivity data. These similar time-courses can be readily appreciated in the
simultaneously plotted radiocactivity curves for EG and radioectivity
concentrations (Pigure 20). Dose-proportional characteristics were evident as
well from the radiocactivity data in this table (Part B) for the AUCe, Ue

end 14C0,» values. There were longer terminal tjsp velues obtained using

the high dose data then for the low dose data, but these values were gtill of the
same general magnitude between doses. A similer increuase in the mean residence
time was noted between doses as well., However, these inconsistencies were
probably related to the incomplete definmition of the terminal phage in these
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plasma curves (Figures 14 and 15). There is 2 large contributionm to the AUCe
value from the AUCgg~e estimation resulting from the shallow slope for

this phase in the curve. Since this portion of the AliCs iz determined

from AllCgg + terminal elope, epperent disproportionslities have resulted.
Given the variabllity normally found im percutamecsus plesme dats, end the fact
that the terminal phase of these plesma curves did pot span at least three
bhelf-lifetimes, these dats are not unreasonable.

narshall (1982) postulated that the reasons for both the dose-dopendent

shift in 14C ezcretion routea and the apparent absence of & dose~dependency in
the plasms clearance curves following large intravemous doses of EG are related
to & limited glycolate metsbolism and excretion of this acid into the urine.
" yeolate has been shewn to be en important metabolite inm the biotrenmsformation

f EG by several investigatore (McChesney, g% gl., 1971; Richardsonm, 1973; Clay
< 'd Murphy, 1977) and this intermediate is resdily comverted to glyoaylate at
low concentrations. [Marashall suggested that the rate-limiting step in the
metabolism of EG at high doses wes the conversion of glyecolate to glyoxylate.
Additionally, in low concentrations the conversion of glycolste te glyoxylate
and then giyoxylate to oxallc acid are medlated by the same enzyme, glycolic
acid oxidase, and glycolate and glyoxylate are competitive inhibitors umder in
vitro conditions (Richardson and Tolbert, 1961). Glycolste has a greater
affinicty for this enzyme than does glyoxylate and there thus exists a great
potential for capacity-limited accumulation of glyoxylate following high doses
of EG. At the same time, because this enzymatic step {8 rate-limiting, a
compensatory, parallel eliminatien process {(e.g., remnal) becomes the dominate
excretion route at high doses. Conversely, the presence of oxelate im urine,
which was seen in the present study primcipally after low doses of BG (cf. Table
30), can be explained by this inhibition, which would act te Limit oxalate
production at higher doses. However, because the parallel urinary excretion
process is probably first-crder, the contributieon to plasma total radicactivity
levels from intermediate metabolites derived from these satursble metabolism
pathways iz probably negligible. For this reason, the effect of such a
capacity-limited process on the doge-related pharmecokinetic profile would net

be apparent. Accumulation of glyoxylate probably results in a toxic comsequence

for the animal. Evidence for this possibility wes presented by Richardsen
(1%73), vho demonstrated that a partial hepatectomy increased the acute toxicity
of glyoxylate but decreased the toxicity of ethylene gilycol and glycolate when
rats wvere fed these chemicals. Thus, the evidence presented in the study
reported here appears to support this capacity-limited shift te glvcelate
excretion in the urine for both the intravenous and peroral routes.

In summery, we have shown that ethylene glveeol given by three different
routes demounstrates apparent first-order pharmacokinetic hehavior for the
disposition in end the elimination from the plesme. At the same time,
dose~dependent changes cceur im the excretion of 14¢ into the urine and

4coz expiration after single doses for the inmtravencus and peroral, but not
the percutanecus, routes. In general, vhile limited conclusions canm be drawn
from the plasma redicsectivity concentration data, more rellsble conclusions
about the fate of EG ecan be made from the definitive plasms upteke and
eliminstion dets obtained for unchanged EC im this study. In sddition, the HPLC
analytical results from this investigation have gome further in resolving the..
possible presence in urine of glycoaldshyde from one of its metabolie
precursors, glycolate. The glycoaldehyde molety was resolved from glycolate by
our method but the presence of this chemicsl species still was not detected st

1
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levele sbove the stated limit of detection (ef. Appendiz C). It appesrs from
our date in Sprague-Davwley rata and that of Marshall (1982} in Pincher 344
rate that the dose-dependent chenges in EGC metabolism are & direct result of
aliterations in the metabolic patterns of EG and compemsatory urine elearance
of glycolate. Thus, the presemce of glycolate in urine increases with dose
and does not raeult in dose-dependent changes in the plasma pharma- cokinetic
profile for BE. These resuits are consistent with clinical reports of
metabolic acidosis when EC is ingested by humens (Clay and Murphy, 1977).
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Summary of Animel Bedy Weight Means and Radiecactive Dose
Delivered for Ethylene Glycel Materisl Belance Studies With

Male and Femanle Sprague~Dawley Rats

Stﬁéy Initl

8

tiom

(?eéud;gﬁkéy

(8) BH8)
- I. Intravencus Admimistration
A. Low Dose?
Males 281.25 = 1.50 22.16 = 0.20 15.76 = 0.08
Females 214.25 = 5.60 16.85 = 0.53 15.72 = 0.15
B. High Dose®
Males 281.50 = 4.80 14.73 z 0.45 10.46 = 0.22
Females 233.00 = 14.90 12.00 = 0.72 10.30 = 0.04
kN
II. Peroral Administeation i
A. Low Dose®
. Hales " 282.25 = Z.06. 16.12 = 0.65 - 11.82 = 0.39
Females 208.25 £ 0.96 11.9% = 0.18 11.48 = 0.17
B. High Dosef . .
Males 280.50 = 6.03 11.01 £ 9.01 7.70 = 0.17
Peasles 208.75 = 2.63 £§.31 £ 6.12 7.96 = 0.03
I1I. Percutanecus Admimistration
A. Undiluted Low Dose® :
Meles 280.50 = 0.37 32.50 = 6.50 23.17 & 0.50
Females 211.00 = 1.15 . 23.%0 = 0.80 22.96 = 0.66
B. Undiluted High Dose® :
Males 277.5 =z 0.6 26,35 £ 0.57 17.5% = 0.38
- Females 218.5 ¢ 4.1 192.33% = 0.24 17.70 = 0.23
C. 50% (w/w) Agqueous High Doase® )
Hales 277.7% = 9.25 12.41 ¢ 0.63 13.98 = 0.09
Pemsles 214.75 = 2.99 15.06 = 0.311 14.03 = 0.12

& padicactive dose delivered (im uCi) = (0.2 kg + body wvelght in kg)s

presented to demonstrate equivalency of radicactive dose administered between

gexes.

b Low dose was 10 mg EC/kg body welght administered in 0.5% water solution.

€ High dose was 1000 mg EG/kg in 50% (w/w) water sclution.

- d Low dose was 10 mg EG/kg applied undiluted.

¥ e High dcse was 1000 mg EG/kg applied undiluted.
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The snalytical phase of the ethylene glycol (BG) pharmacokineties and
material balance study imeluded dome soiution, plassa and vrine gnalyses.
Concentrations of EG im the doaing solutions vwere measured by capililary gas
chromatography (€C) with flame iomizetion detectiom (FID). Bthyleme glyecel in
eelected pooled plasme eemples from the phermacokinetice studies was
derivatized with phenylboronic seild to form & eyclic phenylborenate ester and
then anslyzed by cepillary €C coupled ¢o & Mess Selsctive Detector (M8D). The
identificution of E6 end several known metebolites im selected urine semples
from the saterial balance studies was sccomplished uasing bigh performaence
ligu!. -hrometogrephy (HPLC) with refractive index detectien. Im addicion,
the p.rocrtion of unchanged i4c.EC to that of major labelled metabolites in
the urine samplee vwas quantifled using & radicactivity flow moniter im series
with the refractometer. The following sections contain a summary of the
anelytical methods and results.

BAIERIALS

A sample (1 quart) of Polyester Grade Ethylene Glyecol (CAS No. 107-21-1)
was received at BRERC on Pebruary 18, 1967 from Unien Carbide Corperation,
Hahnville, LA. The material vas a clear, slightly viscous liquid end was
labelled with the identificetion mumber PC-35227, UCC B35227 12/86 4407. The
chemical was given the BRRC Fo. 50-74. Aliguots of the semple were
transferred to & scintiliation visl for enalyticel use as needed. The
chemical was stored at ambient temperatures throughout the course of the study.

Two ehipments of [1,2-1‘C]-cthylene giycol were received at BRRC frem
Sigms Chemicel Company, St. Louis, MO. The first shipment arrived on
Mezch 24, 1987 and included ‘three aliquots which were given the BRRC Nos.
50-1604, B, C. The second shipment was recelved on September 2, 1987 end also
included three sligquote which were given the BREC Fos. 50-4114, B, €. BRelated
correspondence stated that the radicchemical purity of the shipments was 99.2%
anc 98.0% respectively. The semples were stored in the freezer except during
dose solution preparstcion. o

The resgents veed in the plesme snalyees were all obtained from Aldrich
Chemical Compeny, Milwaukee, WI. The internal standazd, 1,3-propamediol, had
& stated purity of 98%. The derivatizetion resgent wes phenylboremic ecid in
2,2-dinethoxypropane. Acetonitrile (HPLC grade) was obtaimed from Burdick end
Jacksen Labe, ushkegon, MI. ) .

Several knovn metabolites of E6 were vsed a2 standerdes {m the HPLC
analyeis of urine semples from the materisl balance studies. Glycoleldehyde
aonomer was purchased from Sigma Chemical Co., 8t. Louie, MO. €lyoxylic acid,
giyeeclic acid, omalic acid, and glycolaldehyde dimer vere cbtained from
Aldrich Chemical Co., Hilweukee, Wi. Sulfuric eeid (Reagent A.C.8.), used in
the preparstion of the HPLC mobile phese, ves a product of Fisher Scientific
Ce., Fairlewn, HJ. HMonopheae® 8, obtained from Peckerd Instrument Co.,
Downere Grove, IL, was used as the scintillatien cocktall i{n the radliosctivicy
flow moniter. L,}
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METAQDS
GG Avalvase

Dosing solution anslyses were conducted on 8 Hevlett Packard 5880 &C
eguipped vwith a Carbovaez 208 fused eilieca cepilliery column snd o flame
ionization detector. The operating conditions are listed im Teble 1. Desing
sclutione were prepared in physieclogic saline (0.9% HaCl) for the intravenous
gtudies, and in Millipore® water for the oral snd dermal studies. The
etabllicy of cthe teet chemical im both matrices vhen etored froszem was
seasured. Stock standard eclutione of %6 were prepared in ¢the same solvent ae
the dcse soiution being eveluated. Dilutions of the stock stendard were then
preparad in scetomitrile. Dased on concentration, welghed aliguote of the
doaing sclution were 2leo dlluted inm ecetonitrile te fall withinm the linear
concentration range of the standard curve. Pre- and post-dosing aliguots were
analyzed to emeure that the solutions hed remained homogeneous throughout the
doging pericd. The concentration ¢f EG inm each aliquot was obteined from the
equation for the standard curve developed by linear regression. Pre and
post-dosing values werse averaged. The injection volume fer standards and
gamples wes 1 ul.

Plasme seamples vere chosen for analysis by the study director based on
sample availability. At selected time intervals, plesma aliquots of equal
velume from each animal per dose group were pooled end the total weizht was
recorded. The pooled plasme semples were stored in the frsezer wmtil
enaslysis. The method used for the determination of ethyleme glyecol in plasma
vas a modification of the derivetizatisn precedure reported by Flanegan,
et al. (1987). In this procedurs, ethylene glycol reacts with phenylboronic
acid to form :I:e cyelic phenylboronete ester. An intermal stendexd,
1-3-propanediol, which also ferms a phenylboronate ester, is added to the
reaction mixture to improve the reliability of the sseay. Beth derivatives
can then be measured by gas chranatography

In our applicaeion, phenyiboronic aecia (120 or 40 mmol/L). in 2,2-dimeth-
oxypropene was prepered as meeded. The internsal stendard, 1 3~prepaaediol,
vas used as a solution in acetonitrile. Both solutions were refrigerated . |
between analyses. Plasma standards ranging from 2000 to 1 ug/ml ethyiene
glycel in control plasme were prepared as needed snd stored frozen betveen
usee., Approprisce stenderds were-derivetized st each analysis in an attempt
to bracket the range of expected IC comcentratiomns {n the study samples.
Sample or astamderd (100 pl) vas pipetted into = 700 ul Microtainer® Brand
Tube (ne additive). Internal stendard solution (200 pl) and derivetization
reagent (100 ul) were then added using a Gllson Pipetmen®. The tube was
tightly caepped, and the contents were vortez-mized (30 see.) and centrifuged at
14,600 7P for 4 minutes (Eppendor? 5412 centrifuge). 4 portiem of the
supernsiant wae transferred to & 0.1 Bl econical glass autossmpler vial for
englysis. Plssma blanks were injected betveen sampies te minimize the
poseibllicy of ecerryover. The injection volume for standards, blanks ard
samples was 1 ul.

The plasma analyses were conducted on s Hewlett Packard 5890 €C equipped
with a bonded phase DB-1 (J & W Scientific, Hancho Cordova, CA) fused silica B
capiliary ecolumn. GConcentratione of the cyelic phenylboronate derivatives of
ethylene glveol and 1,3-propanediocl were measured uaing e Eewlett Packard 5970
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$ass. Selective Detector (MSD) opsrated im a Selzctive Iom Honitoring (3IM)
mode. The chromatographic ceaditions were developed e BERC since the
originai method of Flansgan, gt sl. (1987) wee optimized for pecked colusn
analysis. The GC/MSD operating conditions are iisted in Table 2. A
calibration curve was gensrated for esch analysis by plottimg the response
ratic (pesk eres) ve. the amount vatic of the derivatized ethylene
glycol/l,3~-propanediol in the plasms standerde. Amounts of ethyleme glycol in
the plasme sazples were then derived from this curve.

BPLC énslvses

All uvrinalyses were conducted om & Waters Associates High Performence
Liquid Chromatogrephic (HPLC) system. The eystem comsisted of & WISP 710B, an
Automated Gradient Comtroller, & Model 6000A solvent pump, & Differentisl
Refractometer model R4A0L, and & QA-l Dats Integrator. Im addition, a Packard
Trace 116 Radiocactivity Flow Monitor wae connected in series with the
refractometer and was used for 14C-detsction. The Trace II@ was equipped
with & 0.5 =l homogeneous cell im which the HPLC mobile phase and the
sciptilletion-cocktall were mized in & 1:6.5 ratio. Based on the work done by
Marshall (1982), an Aminex HPX-87H anion exchange columm (BioRad Laberatories,
Richmond, CA) was used to separate EC from its oxidative metabolites. The
operating conditions are listed im Table 3.

Standard solutions of ethyleme glycol in urine were prepared st various
cencentrations to produce 8 range of 10 to 250 yg EG depending upen
injection volume. Im additionm, agqueous solutions of EC and its exidative
metabolites (oxalic acid, glyoxylic acid, glycolaldehyde and glyecolic acid)
were prepared separately and im combimation_to establish retention times by
refractive index detection. A solution of 14C-EG in either ucine or water ™

vas used to verify the identity of the zadioasctive BG peak in study urine
samples.

The urine standards end samples selected for smalysis were gentrifuged
(Beckman Microfuge 8) to remeve visible debris. An elicuot (200 or 225 wl)
of the supernatant was then pipeted into a 500 pl Microecemtrifuge tube which
was placed into an ice water bath. A sufficient amount of 3M perchlorie acid
was added to the sample co produce a total volume of 250 pl. The tubes were
capped, and the contents vortexed. briefly end centrifuged (Eppendorf 5612) at
14,600 2P for 3 minutes. A portion of the supernatant was transferred to a
Polyepring® imsert in en HPLC vial for analysis. Injection volumes were
based on the comecentration of radicactivity in each urine ssmple. If
necessary, ssmples were re-injected at higher volumes to obcain quantifiable
levele of zndicactivity. Peeke with a meximum CPM value equal to twice the
average background CPM velue were considered quantifisble. %z Area-CPH
values for ell guantifiable pescks in a given runm were summed, and the levels
of EC and metaebolites were expressed ae percentsges of the totsl radicactivity.
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GC Analveen

The 6C snelysis of standird and dosing eolutions comtaining EG produced a
eingle peak which was well-resolved frem the solvent fromt. The detector
response to standard concentrations ranging between 2000 end 50 pg/ml EG in
acetonitrile vas linear and reproducible. The limit of semsitivity for the
asesy was approzimately 0.01 ug EC per ul injected.

Table 4 containe a summary of results for the concemtration verificatien
analyees of the B6 doaing scluticns. The ectual concentrations of the

#solutions raenged Detween 96.0 and 10%.2% of mominal values, Pre- end

post-dosing analyses indicated that the sclutions bad remained homogeneous
throughout the dosinmg perled for all dose administraticns. The mesn

concentration of EG in the doae solutions from all of the phermacokimetics and
material balance studies wee 102.5 2 4.1% of nmominal. EG was shown to be
stable in saline or weter for at least 54 end 26 deys respectively when astored
frozen.

Preliminary asttespts to quantitate the levels of wmchenged EC in selected
pooled plasms semples from the pharmacokinetics studies were conducted.
Quantifiable levels of EG could be detected through a majority of the
collection intervale in all studies except the intravemous low dose. Samples
from the SOR aqueous and low dose cutaneous studies were not eanelvsed because
the low plasms radicactivicty levels indicated that BE would be umdetectable.
The limit of sensicivity for the assay wes lmposed by the presence of a
carry-over peak (approximacely 0.5 ng/pl apparent EG) which was observed in
the plesma blanks analyzed between samples. According te Flanagen et al.
(1987) this peak could be eliminated by the addition of bydrochlorie acid
(0.2% v/v) to the derivatizetion resgent. However, this modification did not
have the desired effect in the eapillary anslysis of the derivatized plaasma
samples. It is also possible that the high semsitivity of the MSD contributed
to the persistent detection of the pesk. Comparative analysis of standards
derivetized with or without ecidified resgent resuited in similar quantitation
and better peak shapes when the acid was not used. Therefore, slthough the
carry-over phenomenon could not be completely elimimated, it was minimized by
the injecticn of blanks betwesn all semples.

Figure 1 illustrates the chromatographic respemse for ethyleme glyeol
phenylboronate and the phenylboromate derivative of the imternal standard,
1,3-propanediecl. The derivatives displeyed good mase epectral characteristics
with detecteble molecular iome at M/Z 148 and 162 respectively. The EG peak
hed a retention time of approximately 3.7 minutes, and the internal standard
eluted at 5.% minutes. Concentratiens of EE in plasms standards used in the
analyses ranged between 2000 and 1 pg/ml. However, stenderd curves were
generated over no more than & £fifty-fold range of comcentrations to imsure e
lineer respomse at all levels., The recevery of BE from plssms was
epproximately 85-90% relative to squecus standards.

The levels of BE in psoled plenme samples from the intrevenous high dose
etudies are presented in Teble 5. In both the male and femsle groups, plasae
concentrations of EG decreesed with time end were guantifiable through the 24
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hour colliection imtervel. Im comparison to mean zadionctivity concentrations
measured in the plasms samples, the proporcion that was due to unchanged
parent chemical ranged from 103.2 to 0.19% with eme sxception., The high
zecovery (140%) in the 0.5 hour sample from the male study 28y have been due
to the pooling of wnequal plasme volumes from each enimal. Levels of EC in
the low dose intrevenous ssmples decreased to less them 0.1% of the mominal
radicactivity concentratien at 8 hours and could not De messured beyend that
”mto e '

The enalysias of pooled plasma extracts froa the high dose oral studies
resulted in E€ levels which renged from 111.8 to 0.35% of the mean plasme
concentrations of radicectivity. In gemeral, plasma concentrations of EG
incressed siightly or plateaued through 45 minutes end then decressed
thersafter. Levelas-of EG were quantifisble through the 18 heur cellection
interval. The results are preasemted in Table 6. Table 7 contains a SUBRATY
of results for plaema snalyses frow the male and female low dose oral '
studies. Measurable levels of BG ware detected through 48 hours in both
sexes, however some of the later samples hed EC peske which resexbled the
carryover im the blenks. These sasples are indicated in perentheses. --- )
Overall, the pastern of EC discribution observed im the oral high dose studies
was Guplicated in the lovw dose samples. . -

Quantifieble levels of EC were detected im &ll but ome of “the enalyzed
plasms samples from the high dose percuteneocus studies. Unchanged EG
~ secounted for the greatest percentage (98%) of measurad total radieactivity in
the 4 hour semple. Howaver, the highest comcenmtration of plesmas EG cccurred 8
houre after desing. Gemerally, the pleesma levels of EC increased through 8
hours end then graduvally declined over the remainder of the time-course for
the cutaneous saemples. Table & comtains a summary of results for plasme
analyses from the male and femsle studies. :

EELC Analvaes

, The HFLC enalyeis of standard Bolutions of BG im uripe produced & single
peek with a retention time of 11.8 minuces. The response of the refrectometer
vas linear end repreducible over & range of 10-1000 ¥g 26 injected, although
250 ug ECG vwas gemeraily the highest standerd used im the enalyses. The
limit of sensitivicy fUr the sssey was epprozimetely 1 pg EGC inmjected. An
experiment in vhich urine semples with detectable EC levels were spiked with
additional lmown smounts of EC indicatéd thet the recavery of EC from the
column averaged 98.6%.

EC end its proposed metabolites (ozalate, glyoxmalate, glyeolaldehyde and
glycolate) had életinet, reproducible retention times under the stated
operating conditicns. Although the glycolsldehyde and glycelic acid peaks
veze not resolved to beaseline, there was & 0.4 minute difference in their
retention timee which permitted thelr identification when present at
guantifiable levela. This resolution had not been schieved with the FEPLC
method used by HMarshaell. Verificstion experiments indicsted that
glycolaldehyde and glycolic ecid could still be sepeiated when the acid was
present in fifty-fold excess. The minimum detectable level ef glyeolaldehyde
was approximately 3 pg injected. A representative chromatogram of EG end
metabolites is imeluded in Pigure 2.

N
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Detecticn of 14C-EG usipy che Trace 1I® Radicactivity Flow Memiter
(in-geries with the refractometer) produced a single peak with a retention
time of 12.2 minutes. The responve of the radicectivicy monitor to 14c-EG
in spiked urine standerds vas linear and veproducible. When cempared to a
liquid scintiilation counter (L3C), the countimg efficiency of the
radicactivity flow monitor was 103.4%. The aversge background radicactivity,
ealeulated from amalyeses of blenk urine semples, was 176 Maz-CPH. Twice
background was estaeblished as the minimum velue for a peak (EGC or metabolite)
to be considered guantifisble,

The EPLC analysias of selected urine samples from the high dose {1000
mg/kg) studies resulted in detectable levels of G, es messured by the
refractometer, for all routes of administration. MPurthermore, measureble
smounts of glycolic acid snd/or oxalic wcid vere alac presemt, end were
gualitatively identified by comperieson of retemtiocn timae with metabolite
. standarda. Generally, the levels of EGC and metabolites in urine samples from
. the low dose (10 ma/kg) studiece could not be detected by the refractemeter.

- However, retenticn times for the radicactive peaks in these samples were

compared to those for characterized peaks from the high dose studies to

determine metabolite profiles. Due to the close proximity of the

giycolaldehyde end glycollic acid peaks, an edditionel experiment was doma to

, verify the identity of this pesk in & study urinme sample. Equivalent amounts

- of either glycolaldehyde or glycolic acid spikes were edded to twe aliquots of
- urine with a detectable metabolite peak to determime which chemical produced a

qualitative inerease in metabolite peak height. As shown by retention time

- comparisons, the identity of the metabolite peak was confirmed as glycolic

. seid.

- " Tables 9 through 12 contain the urinalyees results for individual animels

from the intravenous, oral and percutanecus studies. The resulte are

expreased as percentages of total peak radicactivity for all of the

guantifieble peaks in a rum. Ovcrall,hl4c~labelled ethylene glyeol,

glycolic acld and/sr exalic acid accounted for the majority of the detectable

radioactivity im the urine semples from all dose routes. The occurence of

radiocactive peaks that could not be msscciated with EE or known metabolites

was relstively rare and may have been due to peak spreading. Mo

v glyecleldehyde or glyoxylie acié vas detected in any samples. In general, the

- individual urinalyses show that’ the propestion of unchanged 14¢-2c to that

. of labelled metabolites was falrly consistent smong animals in & given dose
group.

Teble 13 comtains a summary of the urinary exeretion of 14C for the high

(1000 ag/ke) end lovw (10 mg kg) does intravenous studies. 45 soted in the

study by Mazshall (1982), & dose-dependsnt increase in the amoumt of glyeolilce
- acld ves observed. Approximately 65% of the radloasctivity in the high dose
- urines at 12 hours was due to unchanged 14C-EC end the remaining 35% was
sccounted for by glycolliec acid. Imn the lew dose wvrinmes, lag.ge comprised
about 93% of the detectabls radicactivity at 12 hours. A slight increase in
the amount of urinary glyeolle acid (435%) wes cbeerved st 24 hours in the high
dose pamples for both sexes. In eddition, the mele urine samples conmtained a
gignificant percentage (17%) of oxalic aeld at this celleetion interval.
Representative chromatograme from the femsle intravenous high dese study are
inecluded in Pigure 3.




Repore 51-543
Appendix ¢

Page 7 | ,?L

Tae 14 content of urine camples from the high (1000 Ra/kg) and low (10
2g/kg) dose oral studies {s summarizsd ir Table 14. The niiczity of the
zadicactivity (§2-96%) in the low dose samples wes Gue to 14C-RG st beth 12
- and 24 houre post-desing. A&n inerease in urinary glycoliec acid was observed
- in the high dose oral mamples relative to the low dose; hovever, in comparisocn
. to the high dose intravenous results, the percemtage of glycolic acid
(approximately 24% at 12 hours) wes slightly lower. Ozelic ecid accounted for
lese than 8% of the total peak radicactivity im urines from the high end lew
dose studies.

HPLC ensliysis of urinary 14C after percutaneous adsinistration of 10,
. 500 or 1000 mg/kg *4C-ethyieme glycol indicated that unchanged parent
chemical accownted for 87-100% ef the detecteble radicectiviety. The results
. are summarized in Table 15. In comparison to the intravenous and oral |
= results, the most notable differences in the percutanecous urine ssmples were |
the greater percemtage of urimary 14¢-EC at the 1000 2g/kg dosge level, and
the lack of detectable oxzalic acid iz any sampies. At the 500 mg/kg dose
k sviel, exposure to the test chemical was terminated after 6 hours; urinery
- 14C_BC acer = ed for 100% of the detectable radicactivity through 36 hours.
| These resu.. .ndicete that messurable metadolism ot,léc-ethylene glyesl did
< not occur foasowing percutaneous exposure. .

Al .
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Chrematograph
Detector

Column®

Oven Temperature Profile
Injectsr Temperacure
Detector Temperature

Carrier Flow Rste

Column Flew Rate
Auxiliary Plov RBate
Hydrogen Flow Rate

Air Flow Rate

*The dose solution snalyses were transferred to a 2832 0.31 = I.D.
20M column midway through the study.
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Bewlett Packard 358804

Flame Ionization

6arbowa£ 208 (S0 » = 0.31 e I.D. - fused silica
capiliery)

120°C - 0 min - 10°C/min - 200°C (180°C) - 2 min

. &00°¢C

250°C (225°C)

60 mi/min Helium - Splicless injection
(30 ml/min Heliuwm - Split injection)

1.0 Bl/min Belium -

30 al/aln Helium

30 2l/min

~ 350-400 =i/min

Carbowax
The numbers in parentheses indicate the

changes in chromatographic conditions used for the mew columm.

WPC/kam/1336K
05/23/88
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Chrosatograph Hewlett Packsrd 5890 &C
Columm DB-1 (30 = x 0.3] wm I.D. ~ fused silica capillary;
1.0 y& £iims thickness)
- Oven Temperature Profile 140°C (0 min)-5°C/min-175°C (0 min)-25°C/min-225°C {1 min}
Injecter Temperature 200°C or 225°C

Transfer Line Temperature 225°C

Deceetor Hewlett Packerd 5970 Maes Selective Detector {MSD)
Aeguisitien Hode Selective Ion Monitoring (SIM) -

Ions monitored (EG) m/z 117, ®/z 118, m/z 146, m/z 147, u/z 148
Carrier Flow Rate < 30 ml/min Helium

Column Flow Rate - 1.0 mi/min Helium

WPC/kam/1336K

05/30/88




Beport 51-543
Page 1

The data on the following peges represent summary pharmacokinetics data
from individual animels in this study. These data are summarized sceording to
dose groups and presented here to illustrate the irdividual plasma, RBC and
excreta concentrations of the radioactive dose va. time of collection.
Individual totels for Total DPM and % of dose values may be slightly greater
than sum of tissue valueg due to computer rounding of calculsted numbers.

WPC/kam/1286K
06/14/88
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ABSTRACT -

Ethylene glycocl (CAS Fo. 107-21-1) kas been shown to be teratogenic when
administered by gavage at high doses to CD® rats (1250-5000 mg/kg/day) end
CDe-1 mice (750-3000 mg/kg/day). However, that gavage study did not
establish & "no observable effect level®™ (WOEL) for mice since the lowest dose
evaluated, 750 mg/kg/dsy, was an effect level for developmental toxieity.
Therefore, this study was undertaken to define & ROEL for developmental
toxicity of. ethylene glycol in CD®-1 mice by gavage. Timed-pregnant CDe-1
mice were administered ethylene glycol by gavage on gestational days {gd) &
through 15 at 0.0, 50.0, 150.0, 500.0, or 1500.0 mg/kg/day, 30 plug-positive
females per group. The vehicle was deionized (Millipore®) water and the
dosing volume was 10.0 ml/kg. Study females were veighed on gd 0, 6, 9, 12,
15 and 18, observed daily for clinical signs and evaluated for water
consumption every three days, gd 0-18. At sacrifice on gd 18, females were
evaluated for body weight, gravid .uterine wveight, liver and kidney (2)
weight. Maternal kidneys were retained in fixative and maternal Ridneys from
the vehicle control group and top dose group were examined microscopically.
Ovarian corpora lutea were counted and all uterine implantation sites
evaluated for resorptions (early and late), dead and live fetuses. All live
fetuses were weighed, sexed and examined for external, visceral and skeletal
malformations and variations.

Bushy Run Nesearch Center
A Jolint Meillon instiiute—Union Carbide Corporstion Operstien
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ne te two pregnant females died or vere sacrificed soribund in esch group
(except at 150.0 mg/kg/day) from reproductive tract bleeding. Ko females
aborted or were removed from study. Ome to three dams ecross all groups
delivered early. Pregnancy rate was approximately equivalent across all
groups except for & slightly reduced rate (70.4% pregnant) at 0.0 Bg/kg/day).
There were fully resorbed litters at 50.0 mg/kg/day (ome), 150.0 Bg/kg/day
(one), and 1500.0 mg/kg/day (two). A total of 19-24 iitters were examined in
each group. Matermal body welghts and weight gein were unaffected by
treatment. Matermal clinical signs were limited to those animals which died
or were sacrificed moribund, and vere mot treatment related. Water
conisumption did not differ among groups for any interval evaluated. Haternel
obgservations at scheduled necropsy indicated no treatment-related findings;
observations on animels which died or were sacrificed moribund indicated blood
in tke stomach, reproductive tract and urinary bladder. Matermal organ
weights at scheduled sacrifice did not exhibit any statistically significant
differences among groups for terminal body weight, geatational welight gain,
liver, kidney (2) or gravid uterine weight. There were no significant effects
of treatment on the number of corpora lutea/dam, the number of total,
nonviable or viable fmplants/litter or on ser ratio. Fetal body weights per
litter vere reduced only at 1500.0 mg/kg/dey. There was no increase in the
incidence of individual or total external or visceral malformatioms in any
group relative to the vehicle control group. There was a statistically
significant incresse in the incidence of two (2) skeletal malformations in the
1500.0 mg/kg/day group and the incidences of pooled skeletal melformations and
all malformations were significantly increased in this group as well. The
incidence of total malformations waes also significantly incressed at 500.0
mg/kg/day. There were mno significant increases in individual external or
visceral variations, or in pooled external, visceral or skeletal variations or
in total vaziations. The incidences of 23 akeletal variations were increased
in the 1500.0 mg/kg/day group. One skeletal variation was also increased in
incidence at 500.0 mg/kg/day. Examination of maternal kidneys from the
velicle control and top dose groups indicated no treatment-related histologic
renal lesions and no oxalate crystals observed im the kidpey sections examined
in the top dose group.

In conclusion, exposure of pregnant CD®-1 mice to ethyleme glycol by
gavage at 50.0, 150.0, 500.0 or 1500.0 mg/kg/day during orgenogeneszis resulted
in developmental tozicity in the absence of observable matermal toxicity at
500.0 and 1500.0 mg/kg/day. The "no observable effect level” (NOBEL) for
maternal toxicity was therefore 1500.0 mg/kg/day and the FKOEL for
developmental toxicity was 150.0 mg/kg/day by gavage. This study confirmed
the developmental toxzicity (imcluding teratogenicity) by gavage at 1500.0
mg/kg/day from previous work, documented the absence of matermal renel
toxicity at 1500.0 mg/kg/day and established a ROEL for ethylene glycol for
developmental toxiciey when adminlistered by gavage in CD®-1 mice.
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OBJECTIVES 23&13

The objective of this study was to determined the "no observable effect §
level™ (ROEL) for developmental toxicity (including teratogenicity) of |
ethylene glycol when administered by gavage during organogenesis tc pregnant
CD&-1 mice. Haternal toxicity was also evaluated.

Ethylene glycol (EG, CAS No. 107-21-1) is & major industrial chemical,
preduced by hydrolysis of ethylene oxide and used in antifreeze and coolant
- mixtures for motor vehicles, in hydraulic fluids ané heat exchangers and as
solvent. Large amounts are used eas & chemical intermediate in the production
of ethylene glycol esters, ethers and resinous products, especially polyester
fibers and resins (Rowe and Wolf, 1982).

The msjor zsute of EG metabolism ls oxalic acid vis glyoxylic acid, with
the production of calcium oxalate crystals in the urine a typical finding in
overdosed animals (and huwmans). The classie peroral toxicicy profile in
humans follows three stages. The first stage is observed within 30 minutes to
12 hours and invelves central nervous system effects from unchanged ethylene
glycol. The second stage, observed 12-36 hours after exposure, affects the
cardiopulmonary system from acidesis and hypocalcemia from getabolites. The
final stage is remal failure accompanied by oxalurie, end remal necrosis which
includes dilatiom of proximal tubules, degemerazion of the tubular epithelium
end intratubular crystals (Rowe and Wolf, 1982).

Recent evidence has accumulated that repested (or continuous) ezposure to
large amounts of EG results in developmental toxicity {including
teratogenicity) in rats and mice. Price et al. (1984 a,b; 1985) have reported
that exposure to EG by gavage during orgamogenesis in CD@ rats (6, 1250,

2500 or 5000 mg/kg/day) and CD®-1 mice (0, 750, 1500 or 3000 sg/kg/day)
resulted in reduced maternal weight and weight gain, and reduced gravid
uterine veight in a dose-related manner. Am i{ficrease in postimplantation loss
(resorptions plus dead fetuses) wes observed inm rats at 5000 Bg/kg/day only.
Fetal weight was reduced at all doses in mice and at 2500 and 5000 mg/kg/day
in reta. The percemtage of malformed live fetuses per litter was increased at
all doses in mice and at the mid and high doses in rats. The proportion of
litters with ome or more malformed fetuses was elevated at all deses in both
species. The typical malformaticms observed were creniofacial defects end
severe axial skeletal dysplasia in both species. Ethylene glycol was also
evaluated in the so~called Chernoff sssay where pregnant CD-1 mice were dosed
by gavage at ome dome (11,090 mg/kg, 10 ml/kg undiluted) on gestational days 7
to 14 (the day a copulatory plug was observed was designated gestational day
1) and allowed to litter; litters were examined on postnatal days 1 end 3 end
discarded. Ten percemt (5/50) of the dams died and 41% (15/37 dems) had
vieble pups. The number of live pups per litter at birth was reduced (and the
number of dead pups per litter at birth was increased), and postnatal survival
was reduced (40% versus 100%) relative to controls. Pup birth weight and pup
weight gain were both reduced relative to controls (Schuler et al., 1984).

The authors gave EG high pricrity for further testing.

<5
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In an FIP protocol for fertility esssesesment by continuous breeding
(Gulatl et al., 1964; Lamb et al, 1985), EC was edministered in the drianking
water at 0.0, 0.25, 0.5 or 1.0% during 98 deye of cohabitation (one male:one
female); litters vere assessed at birth and discarded except for the last
licter which wes retained for offspring sssessment. Exposure to BEG resulted
in a small dut significant decrease in the number of litters per breeding
pair, in the number of live pups per peir and in the live pup welght. A
significant nusber of pupe in the 1.0% dose group were born with distinee
facial deformities. In the retained litters at this dose, the facial
deformities were more obvious with age. These malformed animals alse
exhibited fused ribe and shortened nasal, parietal, and/or frontal bones of
the skull. When pups from the high doase group were raised to adulthood (with
continued exposure to BEG) and mated, they exhibited decreased mating and
fertility imdices relative to comtrols handled in the seme mamner, but no
effects were observed on litter size, pup weight or sex ratio (Gulati et gl.,
1984). The suthors deemed EG & "weak reproductive toxicant, but a potential
teratogzn” (Gulati et al., 1984, p. 15). )

All of the sbove studiez involved exposure to EG via the gastrointestinel
route (by gavege or dosed drinking water) and all reported developmental
toxicity including melformations in both CD® rats (Price et al., 1984b;
1¢55) end CD®-1 mice (Price et al., 1984a&; 1985; Schuler et gl., 1984;

Guiati et al., 1984; Lamb et gl., 1985).

The etudy by Price et a2l. (1984a; 1985%) did not define a ROEL in CDe-1
mice gince the lovest dose evaluated, 750 mg/kg/day, resulted in reduced fetal
body weight and inecreesed fetal skeletel malformatioms. The study by Schuler
et al. (1984) employed only ome dese, 11,090 mg/kg/day by gavege. The study
by Guleti et al. (Gulatl et al., 1984; Lamb et gl., 1985) identified 0.5% EG
{epproximately 800 me/kg/dey in the drinking water) as s HOEL.

The present study was therefore undertaken to determime the KOEL for EG,
edministered by gavege to CD8=]1 mice during orgamogenesis, for maternal and
developmental toxicity (imcluding teratogemicity). The protocol duplicated,
as closely aa possible, the procedures foellowed by Price et g2l. (1984a; 1985).

One gquart comtainer of polyester grade ethyleme glycol teat materisl (CAS
Rumber 107-21-1, BRRC Sample RNumber 51-182, identified by the supplier as
*PC-35227, UCC B35227 12/86 4407") wae received from Unionm Carbide Corporation
(Hahnville, LA) on May 12, 1988. The purity and stability were verified by
analysis by Mr. Steven A. Guidry, Union Carbide Corporatiom, Taft Plant Fo. 1
Laboratory, Hahnville, LA. The test material was highly pure (essentially
100.0 weight percent). Deionized (Millipore®) water (CAS No. 7732-18-5) was
used a8 the vehicle,
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The dosing solutions were prepared as follows. The appropriate amount of
EG vas welghed end mixed with deionized (Millipore®) water (CAS Fo.
7732-18-5) te make appropriate weight/volume solutions of the test chemical in
vehicle at & dosing volume of 10.0 mg/kg/dey dbesed on each animal's most
recent body weight. The four (4) dosage levels were 50.0, 150.0, 500.0 and
1500.0 mg/kg/day (5.0, 15.0, 50.0 and 150.0 mg/ml, respectively). The vehicle
control group received deionized (Millipore®) water alone (0.0 mg/kg/day).
The resulting solutions were stirred prior to each use. These doses, dosing
volumes and procedures were chosen to duplicate the middle dose employed in
the EC gavage developmental toxicity study with CDe-1 mice (Price et gl.,
1984a, 1985) and three (3) deses below the low dose of that study (750
ng/kg/day). In that study, both 1500 and 750 mg/kg/dey produced reduced fetal
- body weight and incressed incidence of fetal skeletal malformations and
variations.

The doasing solutions vere analyzed for content by the following
procedure. Standard stock solutione were prepared of 5.0, 15.0, 50.0 and
150.0 mg/ml of BG. Appropriate dilutionme of the stock solution were made
(v:v) with ascetonitrile to generate a stendard curve of 150 to 500 ng/ul.
For dosing sclutions and stendards, 1.0 pl siiquots were emalyzed for EG. A
Hewlett-Packard 5880 Gas Chromatograph was used for ell amelyses with flame
ionization detection. The column was & fused silica capillary columm,
CARBOWAR® 20M, 25 M x 0.32 mm 1.d. The carrier gas was ultra high purity -
helium. For all analyses, the actual concentration of each dosing solution
was calculated by comparing the peak ares of the sample to the peak area of
the appropriate standard. Details of the formulations and analyses of the
dosing solutions are presented in Appendix 1.

Mice

Two hundred thirty-three (233) virgin male and 232 female CD®-1
{Cr1:CDe-1 (1CR)BR] outbred albino mice were received from Cherles River
Breeding Laboratories, Inc. (Kingston, NY) on June 13, 1988 and housed in
animal Room 147 (the animals were 35 days old upon arrival, birth date May 9,
1988). They were quarentined for at least two weeks, during which time
representative animals were subjected to fecal sampling, histologic
examination of selected organs and to serum viral entibody exzeminetion. The
resulte of the quaelity contrel tests indicated that these animals vere in good
health and suitable for use in this study. All mice received a unigue number
and were toe~clipped. The mice were housed, one te three per cage, separsted
by sex, in stainless steel wire-mesh cages (23.5 cm £ 20 em X 18 cm high) with
. food (Agway Certified Diet RMH-3200, Batch Fo. 5-16-88 W2; Agway, Imc., St.
. Marys, OH) and water (Municipal Authority of Westmoreland County, Greensburg,
PA) avallable ad libitus throughout the study. All snimels in quarantine and
mating, and the study femsles received drinking weter im botties with
stainless steel sipper tubes to reduce stress and to ellow water consumption
measurements. Paperboard (Deotized Animal Cage Board®, Shepherd Specialty
Papers, Inc., Kalamazoo, MI) was placed beneath the cages and changed
regularly. Animels were kept on a 12-hour photoperiod (0530-1730 hours for
light phese) and room temperature and reletive humidity were comtinuoualy
recorded (Cole-Parmer Hygrothermograph® Seven-Day Continuous Recorder, Model
Ko. 8368-00, Cole-Parmer Instrument Co., Chicago, IL). Temperature was
maintained at 69-75°F and relative humidity at 50-58% throughout the in-life '
pertion of this study. ggﬁ’

o




3

Report $1-591
Page 6

Fe b
Mice were bred 1:1 (one female at least 20 g:one male at least 25 g) in

cages as described above in room 147 and checked daily for vaginal copulation
plugs. ERach male was used only once in this study. The date & copulation plug
was found was designated gestational day (gd) 0 (Hafez, 1970). Thirty (30)
plug-positive females were randomly assigned to each of the experimental
groups on gd 0 using & stratified rendomization system based en body welght.
The mating periocd was June 29-July 5, 1988 and gd 0 dates were June 30 through
July 5, 1988. A total of 150 plug-positive females were used in this study.
Plug-positive females were singly housed im stainless steel cages (23.5 em X
20 ca £ 18 cm high) in BRRC enimal room 147 for the duza:ion of the study.

All study females were administered the EG dosing solueiona or the vehicle
control (deionized water) on gd € through 15, July 6 through July 20, 1988.
41l enimals were observed daily (gd 0-18) for eny clinical signs of tozieity
end were weighed om gd 0, 6, 9, 12, 15 end 18. ¥ater consumption was measured
every three days, gd 0-3, 3-6, 6~9, 9-12, 12-15 and gd 15-18.

The EG dosing solutions (in delionized water) or vehicle control seolution
vere adminiastered by gavege through am 18 gauge, 1.5-inch commercial ball-end
stainless steel dosing needle (Perfektum®, Popper and Sons, Kew Hyde Park,
FY) attached to a Hemilton Diluter/Dispenser (Hemilton, Reno, FHevada) with a
1000 ul glass syringe. The dosing volume was 10.0 ml/kg, based on the
individuel ani=al’'s most recent bedy welght.

All surviving study females were sacrificed by carbon diozide assphyziaetion
on gd 18, July 18 through 23, 1988. The maternal bedy cavities were opened by
midline thoracolaparotomy. The grevid uterus, ovaries (including corpora
luten), cervix, vagina, and abdominal and thoracic cavities and organs were
examined grossly. Overian corpora luteas of pregnancy were counted. Maternal
liver, kidney (2) eand gravid uterine weights were determined. HMaternmal
kidneys were bisected {left longitudinmally, right transversely) and retained
in buffered neutral 10% formalin. Uterl were externally examined for signs of
hemorrhage, removed from the peritoneal cavity and dissected lomgitudinally to
expogse their contemts. Status of all implantation esltes, j.2. live end dead
fetuses, end resorptionm sites (early, late), was noted end recorded. Uteri
from females that appeared nongravid were placed in & 10% emmoniuwm sulfide
solution for detection of early resorptions (Salewski, 1964).

All live fetuses were vweighed, sexzed and exeamined for external
malformations including eleft palate, and veristions. All live fetuses were
alse examined for thoracic and sbdominal visceral abnormalities by
modification of methods described by Steples (1974) end sex verified
internally. One-half of the fetuses (even-numbered fetuees from litters with
an even number of live fetuses, odd-numbered fetuses frem litters with am odd
number of live fetuses) were them decepitated apnd their heads were fized in
Bouin's solution for examinatiom of craniocfacial structures by sectlioning - .
methodas modified from Wilson (1965; 1973) and ven Julsinghe and Bensett
(1977). All of the fetuses in each litter (50% imtact, 50% decapitated) were
eviscerated, fixed in ethanol, processed for skeletal staining with alizarin
red § (Dawson, 1926; Peltzer and Schardein, 1966), and exemined for skeletal
malformations and variations.
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The fixed kidneys from dams surviving to scheduled sacrifice in the
vehicle control &nd top dose groups were embedded in paraffin, sectioned at 5 ,
microns and stained with hematoxylin and eosin. The veterinary pathologist -
for this study examined these kidney sections, including examination of the -
sections for detection of oxzalate crystals in renal tubules, if present. '

Statistical Anslvses

The unit of comparison was the pregnent female or the litter (Weil,
1970). Results of the quantitative continuous varisbles (e.g., maternal body
weights, organ welights, fetal weights, etec.) were intercompared for the four
ethylene glycol groups versus the vehicle control group by use of Levene's
test for equal variances (Levene, 1960), analysis of variance (ANOVA), and
t-tests with Bonferromi probabilities., The t-tests were used when the F value
from the ANOVA wes significant. When Levene's test indicated heomogeneous
variances, and the AROVA was significant, the pooled t-test was used for
pairwise comparisons. When Levene's test indicated heterogeneous veriances,
all groups were compared by an ANOVA for unequal variances (Brown and
Forsythe, 1974) followed, when necessary, by the separate variance t-test.

Nonparametric data obtained following laparotomy were statistically
treated using the Kruskal-Wallis test (Sokal and Rohlf, 1969) followed by the
Mann-Whitney U test (Sokal and Rohlf, 1969) when appropriate. Incidence data
were compared using Fisher's Exact Test (Sokal and Rohlf, 1969). Statistical
evaluation of the incidence of fetal malformations and variations was
performed with the unit of comparison the number of litters with one or more
affected fetuses. For all statistical tests, the fiducial limit of 0.05
(two-tailled) was used as the criterion for significance.

Personnel .
The determination of the NOEL of ethylene glycol for developmental

toxicity in CD®-1 mice when administered by gavage was conducted at Bushy

Run Research Center (BRRC), Export, PA, for The Ethylene Glycol Program Panel,

Chemical Manufacturers Association, Washington, DC. Sponsor's Representative

was Dr. C. R. Staek. The BRRC persomnel indicated below contributed to the

completion of this study. -
Dr. R. W, Tyl served as Study Director. Developmental toxicity personnel

included Dr. T. L. Neeper-Bradley, R. R. Altman, T. R. Brownfield, B. L.

Butler, M. A. Copeman, C. D. DeMenn, D. L. Fait, L. C. Fisher, L. J. Fosnight,

M. F. Kubena (Study Leeder) and D. J. Tarasi. Analytical personnel included

Dr. J. P, Van Miller and M. 4. Vrbanic. The veterinary patheologist was

P. E. Losco. The histology technicians were M. A. McGee, G. J. DiSalvo and M.

S. Soehl. Quality Assurance personnel included L. J. Calieti, J. R. Bernard

and J. H. Coleman. Animal cere personnel were R. R. Altman, K. S. Bellich, P.

E. Biondo, T. A. Christopher, J. DeNinno, 6. W. Klingensmith, Jr., L. E. Lipko
and E. J. Mika.
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The Pinal Report was prepared by Dr. R. W. Tyl with assistence from L. C.
Fisher on deta compillatiom and etatistical smalyses. The individual sclemtist
reports were signed by the authors. The protocol and one amendment detailing
the design and conduct of this study are presented in Appendix 6.

Storage of Records

All original data sheets for the present study are stored in the BRRC
Archives alomg with ell biological semples collected during the course of the
study vhich remain the responsibility of BRRC. WYWork sgheets and computer
printouts which were generated im the statisetical anslysis of data are stored
in the BREC Archives. Copies of this report will be flled with the BRRC
Archives as well as with the Ethylene Glycol Program Panel, Chemical
Manufacturers Association, Washimgton, DC. In accordance with Good Laboratory
Practice Stenderds, Environmental Protection Agency Toxic Substances Control
Act (1983), all records, data and reports will be maintained in storage for a
minimum of ten (10) years or for as long as the quality of the preparation
affords evaluation, whichever is less.

RESULIS

The results of the analyses of the dosing formulations are presesnted im
Table 1. The dosing solutions for all groups were homogeneous and stable for
at least 21 days. They were formulated once and amalyzed for content prior to
the onset of dosing. All dozing eolutions were 92.0-107.4% of the target
concentrations, well within the specification of target comcentrations =
10%. See Appendixz 1 for detalls of formulation end analyses of the dosing
solutions. :

The discribution and fate of all animals on study are prezented im Table
2. One to three females across all groups (except at 150.0 mg/kg/day) died or
wvere sacrificed moribund. Ome (1) each at 0.0 end 50.0 mg/kg/dey, three (3)
at 500.0 mg/kg/dey end two (2) at 1500.0 mg/kg/day died during the dosing
period; one (1) at 50.0 mg/kg/day was secrified moribund during the dosing
period. 0Of these, one female each at 500.0 and 1500.0 mg/kg/day had as the
prozimate cause of death techmnical dosipg error, but these animals wvere go
physically compromised by previously observed climicel asigne (see below) that
the decision was made by the Study Director to retain thelr data ard not
remove them from study. The cause of the deaths appeared to be loss of bloed
from bleediang from the reproductive tract (all but one of the females were
pregnant; the one nompregnant female was in the 500.0 mg/kg/day group). Ko
females eborted or vere removed from study. Two (2) females at 0.0 mg/kg/day,
three (3) at 50.0 mglkg/day, two (2) at 150.0 mg/kg/day, one (1) at 500.0
Bg/kg/day end ome (1) at 1500.0 mg/kg/day delivered early. Pregnency rate vas
approzimately equivelent across all groups (84.0-92.3%), except for the
control group vhich had & 70.4% pregnency rate (eight of 27 examined at
scheduled secrifice were not pregnent). Dams with fully resorbed litters
included none (0) at 0.0 mg/kg/day, one (1) each at 50.0 and 150.0 mg/kg/day,
none (0) at 500.0C mg/kg/day and two (2) st 1500.0 mg/kg/day. A total of 19-24
litters were examined in each ,roup. All subsequent data and discussion are
based on pregnant females onl' .
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HMatarnal body welghte and weight gain sre presented im Table 3. Body Eaéi;
veighte and weight gain were statistically equivalent scross all groups at all
time points and intervals messured. There were slight, but not etatisticaily
significant reductions in meternal weight for gd 12, 15 and 18, end similar |
reductions in maternal weight geim for gd 6-15 (treatment period) and for gd |
0-18 (gestation period) at 1500.0 mg/kg/day. '

HMaternal clinical signs are preszemted im Table 4. There were mo clinieal
signs vhich exhibited a dose-related imcidence, or statistically eignificent
incresses. The one to twoe pregnant females which died or were sacrificed
moribund across all groups (except at 150.0 mg/kg/day) exhibited a number of
clinical signs prior to death/sacrifice; none of the other females exhibited
any clinicel eigns (except for onme dem at 50.0 mg/kg/day which exhibited red
uregenital discharge).

Water consumption, expressed as grams/animal/day (Taeble 5) exhibited no
significant changes in any treatment group at any interval evaluated.
Individual maternel in-1ife data sre presented in Appendix 2.

Maternal observations at scheduled mecropsy did not differ significantly
emong any of the groups (Taeble §). Hecropsy observations on animels which
died or were secrificed moribund prior to scheduled laparotomy are presented
in Table 7. There was blood observed in the stomach, vagina, vulva, and/or
urinary bladder in a1l of the animals except for the two animals (one each at
0.0 and 50.0 mg/kg/day) which were too autolyzed to confirm the findings. The
two females whose proximate-cduse of death was technicien error are documented
a8 punctured esophagus for the one at 500.0 mg/kg/day and as abscesa ia the
subecutis and adhesion of the submendibular lymph node (indireet evidence of a
punctured esophagus) for the ome at 1500.0 mg/kg/day. Matermal orgam weights
at scheduled sacrifice are presented in Table §. Ko parametera evaluated
exhibited statistically significent differences in any treatment group
relative to the control group. Liver snd kidney weights (absolute or relative
to body weight) were unaffected. Maternal terminal body weight (absolute and
corrected for gravid uterine weight) and gestatiomal weight change (weight
change for gd 0-18, minue the gravid uterine weight) were slightly, but not
significently, reduced at 1500.0 mg/kg/day. Individual meternsl data for
necropsy and laparotomy are presented im Appendix 3.

Gestational parsmeters are preczuied imn Table 9. There were no
treetment-related significant differences emong groups in the number of
corpora lutea/dam, the number oR gotel, nonvieble (early or late resorptions
or dead fetuses) or visble implantations/litter, or on sex ratio (percent male
fetusez). The number of early resorptions and non~viable implants/litter were
glightly incressed ot 1500.0 mg/kg/dsy, but these values were not
statistically different from the values im the concurrent comtrol group and
ere within the renge of historical comtrol values for these parameters in this
species and strain in this lsboratory. Fetal bedy welghts per litter (all
fetuses, males or females) were significantly reduced only at 1500.0 mg/kg/day
relative to the vehicle control group. Individual fetal body welghta are
presented in Appendiz 4A (with the fetal external findings).
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The incidence and frequency of fetal malformations end variations observed ESC}()
in this study are presented im Tables 10 (malformations) and 11 (variatioms).
There wae no statistically significant increase im the incidence of any
individual external or visceral malformations, or of pooled external or
visceral malformations. The incidences of two individual skeletal
. malformations, of pooled skeletal malformations and of total mslformations
. wvere all significantly increased at 1500.0 mg/kg/day. The incidence of total
- malformations was also significently increased st 500.0 mg/kg/day. The
incressed skeletel malformations were fusion of 2-12 thoracic arches and
fusicn of 2-12 ribs. In addition, a number of ekeletal malformetions occurred
only at 1300.0 mg/kg/day, but the incidences were mot statistically
significantly different from those in the vehicle comtrel group.

There were no statisticelly significent imcreases im amy individual
external or visceral varlatioms, in variations by category (extermal, viscerel
or skeletal) or in totel wariations. The incidence of 24 skeletal variastions
{out of 134 different findings observed) exhibited statistically significantly
different values in ome or more treatment groups relative to the vehicle
control group. TIwemty-three {(23) of these were significant increases in
incidence for the 1500.0 mg/kg/day grouvp, imcluding incressed incidences of
poorly ossified and wunossified cervical centra (four findings), poeorly
ogsified and wmossified thoracic centra (five findings), extra thoraciec
centrum and srch (one finding), poorly ossified lumbar centra {(four findings),
extra ribs (thoracic and lumbar, two findings), unossified bomes of the
forelimbs in the pewe (proximel phalenges, one finding), poerly ossifiled
sternebrae (three findings), extra osaification site between sternebrae (one
finding), enlarged sagittal suture (one finding) and enlarged fromtal fontanel
(one findimg). In addiciom, two (2) findings ezhibited 2 significantly
different incidence in groups other than the top dose group relative to those
in the vehicle controls. They were an increased incidence of extra fourteenth |
£ib on the first lumbar arch, bilateral, at 500.0 mg/kg/day (alsc observed at
1500.0 mg/kg/day), asnd & decreaged imcidence of poorly ossified fronmtal bone
at 150.0 mg/kg/day. The incldence of pooled visceral and skeletal veristions
was 100% in all groups (ome or more fetuses imn sll litters exhibited at least
one finding, and im fact, all fetuses examined exhibited onme or more skeletal

variations) and the incidence of all variations was therefore slso 100%.
Malformations amd variations by individual fetuses and by litters are
presented in Appendix 4.

The results of the microscopic exemination of maternal kidneys from the
vehicle control and top dose animals are presented in Table 12. In kidneys
from the top dose group (1500.0 mg/kg/day), there were no treatment-related
histologic renal lesioms and mo exalate crystals were observed in sny of the
kidner sectliens ezamined. Deteils are presented inm Appendix §.
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RISCUSSION

Previous work presemted data that administration of ethylene glycol vie
the gastrointestinal route (gavege, dosed drinking water) at high doses
resulted in developmental toxicity including teratogenicity in CD® rats
(Price et al., 1984b; 1985) and CI3-1 mice (Schuler et 8., 1984; Price gt
8l., 1984a; 1985; Gulati et al., 1984; Lamb et sl., 1985). In the gavage
study with mice (Price et al., 1984a; 1985) at 750.0 mg/ke/day (the lowest
dose evaluated), fetal body weights per litter were significantly reduced and
the percentage of malformed fetuses per litter and the proportiom of litters
with one or more malformed fetuses were imcreased. Only the number of litters
with one or more skeletally malformed fetuses was increased at this dose;
there was no increase in the incidence of litters with one or more externally
or viscerally malforméd fetuses. The incidences of fetuses with fused ribs
and fused thoracic arches were the ounly specific skeletal malformation
findings which appeared increased at this dose (no statistical tests were
performed on individuel findings). PFused rlbs and fused thoracic arches were
the only skeletal malformetions observed im the present study with .
significantly increased incidences and only at 1500.0 mg/kg/dey. Fused ribs
also exhibited an increased incidence from nose-only exposure to ethylene
glycol at 2500 mg/m3 {Tyl, 1988e). Thc mouse fetal skeleton is the most
sensitive sysuvem to imsult from ethylene glycol, exhibiting increased
incidences at all doses employed by gavage (Price et 8l., 1984a; 1985) and the
only system which exhibited malformations from nose-only exposure to or
cutaneous application of ethyleme glycol (Tyl, 1988a: 1988b) end in the
present study. Fused ribs have been demonstrated im CD®-1 mice exposed to
immobilization stress (restraint) on gd 9 for 12 houras (both for 9:00
a8.8.-9:00 p.2. and for 9:00 p.m.-9:00 e.m.; Chernoff et al., 1987) so it
appears that this skeletal melformation can be induced both by stress
assoclated with restraint as well as by exposure to ethylene glycol per se.

Extra ribe (designated a fetal skeletal variation) were observed with
significantly increased incidence at 500.0 and 1500.0 mg/kg/day ethylene
glycol by gavage in the present study. Extra ribs (rudimentary, extra or bome
island) were also observed in the nose-only versus whole-body study evaluating
water aerosol or air (Tyl, 1987) and were observed in the ethylene glycol
noge-only study (Tyl, 1988a) im all groups (with significantly increased:
incidences at 2500 mg/m3 nose-only for unilatera) extra lumbar rib and at
2500 mg/m3 nose-only and 2100 mg/m3 whole-body for bilateral extra '
thoracic rib). Imterestingly, extra ribs (rudimentary, extra or bome island)
were not reported inm the Price et al. study (1984a; 1985). The finding of
extra ribs is consistent with both the effects of ethylene glycol im this
leboratory end with restraint (Kavlock et a2l., 1985; Beyer and Chernoff, 1986)
cn the fetal mouse skeleton.

In tae present study, there were no significant indications of maternal
toxicity at say dose evaluated. Im the Price gt gl. study (1984s; 1983),
maternal body weight was aignificantly reduced on gd 11, 15 and 17 (day of
scheduled necropsy) and matarnal welght gein wee also significently reduced
for g4 6-1% (treatmemt perisd) and zd 0-17 (gestation perioed) at 1580.0
mg/kg/day. 1Iu the present study, maternal weights appeared slightly, but not
significantly reduced at gd 12, 15 and 18 (day of scheduled necropsy) and
welght gein appeared slightly but not significently reduced for gd 6-15 and gd

o
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0-18 at 1500.0 mg/kg/day (Table 3). However, the indications of maternal
toxicity im both studies (reduced maternal body weights and weight gain during jr?z,
and after the treatment period) exhibited the same pattern. Nose-only
exposure of CDe-1 mice (TIyl, 1988a) to 1000 and 2500 mg/m3 resulted in
minimal maternal toxicity (increased kidney weight; absolute organ weight in
both groups, relative organ weight only at 2500 mg/m3) comsistent with
ethylene glycol’'s known remal toxicity (e.g. Bowe, 1982). Maternal kidneys
vere not exsmined microscopically im the study by Price et al. (1984a; 198S).
In a previous study at BRRG (Tyl, 1988b), administration of ethyleme glycol by
gavage at 3000.0 mg/kg/day resulted in trestment-related maternal remal
lesions. In the preseat study, maternal kidmeys from the 1500.0 mg/kg/day
greup were exsmined histologically, with mo treatment-related lesions
observed. The abeence of histologic lesions is consistent with the lack of
effect on water consumption and kidmey weights.

in the present study, the "no eobservable effect level™ (HOEL) for maternal
toxicity was 1500.0 mg/kg/day and the H0EL for developmental toxicity from.
ethylene glycol administered by gavegs: was 150.0 mg/kg/day. The HOEL for
maternal renal toxicity from ethyleme glycol administered by gavege was
established at 1500.0 mg/kg/dey.

Currently available information om ethylene glycol-induced teratogenicity
in mice (and rats) allows a conclusion that ingestion of large doses appears
to be the major and vossibly only route of administration to produce
malformations. The present study has demonstrated that the HOEL for maternal
toxicity is 1500.0 mg/kg/day and the FOEL for developmental toxicity of
ethylene glycol when administered by gavage to CDe-1 mice is 150.0 mg/kg/day.

Exposure of pregnant CD@-1 mice to ethyleme glyecol during orgenogenesis
by gavsge at 50.0, 150.0, S00.0 or 1500.0 mg/kg/day produced developmental
toxicity but no meternal toxicity at 500.0 and 1500.0 mg/kg/day. The "no
observable effect level® (NOEL) for maternal toxicity was therefore 1500.0
mg/kg/day and the NOEL for developmental toxicity was 150.0 mg/kg/day by
gavage. The results of gavage dosing of ethyleme glycol confirued the
developmental toxicity fimdings at 1500.0 mg/kg/day observed in a previous
study (Price gt al., 1984e, 1985), and reperted the absence of maternal renal
lezions at this dose.

o (] Sazfei

B. W. Tyl, Ph.D.! DABT Date
Study Director

TR Tk 5

P. R, Frank, Ph.D. Date
Director
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Table 1

Analyses of Dosing Formulations

338

in me/ml Iarget
! 1566.¢ - 150.0 i59.6 106.4
$60.0 $6.0 53.7 107.4
] 150.¢0 . 15.0 14.0 93.3
50.0 5.0 4.60 92.0
6.0 6.0 <MDLC -
a8

c

Formulated in deionized (Milliporz®) water for a dosing volume of 10.0
Bl/keg.

Dosing solutions were homogeneous snd stable for at least 21 days, so they
were formulated once and snalyzed prior to use.

Less than the minimum detection limit of 0.01 mg/ml.

PATH/esk/1526P-2
10-28-88
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Developaental Toxicity of Ethylene Glycol ; Z ﬁj
Administered by Gavage to CD8®-1 Mice & ?g

Anatomic Pathology Report

REPORT

The kidneys of 3C matermal mice per group were examined microscepically
from the control (0.0 mg/kg/day) and high (1500.0 mg/kg/dey) dose groups of an
ethylene glycol gavage developmental toxicity study.

The kidneys were co.lected at the time of sacrifice from sacrificed
animals, and as soon &8s possible after death for mice which were found dead on
study. Kidneys were bisected, fixed in 10% neutral buffered formalin, embedded
in paraffin, sectioned at approximately five microns and stained with
hematoxylin end ecsin. The frequency of histologic lesions was compared
between the high dose group and the comtrol group of mice sacrificed on
schedule using the Fisher's exact test. The fiducial limit of 0.05
(two-tailed) was used as the critical level of significance.

The microscopic findings of the kidneys are listed in Tables 1 (animals
sacrificed on schedule on gestational day 18) and 2 (enimals which died or were
sacrificed moribund during the study). The latter table also includes two
control females and ome high dose group female which were sacrificed before
gestational day 18 because they had delivered their litters early. There were
no kidney lesions found which were attributable to ethyleme glycol gavage in
any mice. The lesions seen vere minimal or mild im all animals and consisted
of degenerative or inflammatory changes typical of mice of this age and
strain. Tubular basophilia, & regenerative change, was cited as occurring
significantly less frequently in high dose group females than in comtrols.
This difference is believed to be due to random biological variation and is a
spurious finding. Ho oxalate crystals were seen in any kidneys.

Ethylene glycol was found to produce no lesions of the kidneys of maternal

mice in this teat system.
/(/ SRR
P D Jowo > ‘e "ot

. - P. BE. Loseco, ViD Date
2 Diplomate, ACVP
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DEVELOPMENTAL TOXICITY OF ETHVLEME GLYCOL AOMINISTERED BY GAVAGE
70 cD®-1 WICE: DETERMIMATION OF A “NHQ OBSERVABLE EFFECT LEYEL" (MOEL)

PATHOLOGY PROTOCOL - FEMALE MICE

The following tissues were oxamined st necropsy and histologically for the high dose and
contro! femsles with as significant lesions obeerved unless otherwige specified:

TOTAL BODV? ADIPGSE TISSUE? PERITONEAL CAv?2 THORACIC Cav? PERICARDIAL Cav?
ESOPHAGUSS® STOMACH? STOMACH GLAND?Z STOMACH HOM-GL3 LIVER®'*2
PARCREAS2 INTESTINES? ADRENAL GL3 HEAD? SPLEENZ
DIAPHRAGH? EYES? OYARIES? CORPQORA LUTEAZ QVIoUCT?
UTERUS'*2 CERVIX® VAGINAZ YULVA?Z AMNIOTIC SACS?
PLACENTASZ TRACHEA?® TRACH/BRONC BIF? LUNGS3 KIDNEYS® - o -
URETERS URINARY BLADDER? GALL BLADDER?

t = Organ woights collected, ? = examined at necropsy only, uniess gross iesions present.

Grade codes:
1sHINIMAL, 2sMILD, 32MODERATE, 4sMARKED, SaSEVERE, P=PRESENT
( )=FOCAL, {( ))sHMULTIFOCAL, MO PARENTHESES=DIFFUSE

dicro disgnosis prefix codes:
£ = NEOPLASH, 8 = BENIGN, M = HALIGNANT, @PN = PRE-NEOPLASTIC

¥ICRO+ indicates histologic confirmation of preceding gross diagnosis.

NOTE: STUDY DAYS ARE DEFINED FROM THE FIRST GESTATIONAL DAY O (STUDY DAY 1) TO THE LAST
SACRIFICE DAV (STUDY DAY 23). THE STUDY DAY ON wWHICH THE AMIMALS WERE
SACRIFICED WILL VARY DEPENDING ON THE NUMBER OF MATING DAYS REQUIRED TO PRODUCE
THE CORRECT NUMBER OF PLUG/SPERU-POSITIVE FEMALES. THE STUDY DAYS 0O NOT
CORRESPOND TO GESTATIONAL DAYS.

03713789
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The purpose of this study is to determine the "no observable effect level”
(WOEL) for developmental toxicity (imcluding terstogenicity) of ethylene
glycol vhen administered by gavege during organogenesis to pregnant (De-1
Mice. Matermal toxicity will also be evaluated.

LRIRODICTION

Bchylene glycol (EG, CAS Fo. 107-21-1) 43 & msjor industrial chemical,
produced by hydrolysis of ethylene oxide and used in antifreeze amd coolant
mixtures for motor vehicles, inm hydrasulic fluids and heat exchengers and as
solvent. Large amounts are used as & chemical intermediate in the production
of ethylene glycol esters, ethers and resinous products, especlally polyester
fibers end resins (Rowe and Welf, 1982).

The major route of EGC metabolism is oxalic acid vie glyoxylic acid, with
the production of calcium oxalate crystals im the urine a typical finding in
overdoszsed animals (end humans). The classic acute peroral toxicity profile in
humane follows three steges. The firset stage ie observed within 30 mimutes to
12 heurs and involves central necvous system effecte from unchenged EG. The
second stage, observed 12-36 hours after ezxpesure, affects the cardicpulmonary
syetem from acidosis and hypocalcemia from metabolites. The fimal stage is
renal feilure eccompanied by ozalurie, and renal necrosis which imcludes
diletion of prozimal tubules, degeneretion of the tubular epithelium and
intratubular crystals (Rewe and Wolf, 1982).

Becently, evidence is accumuleting that repested (or cemtinuous) exposure
to large amounts of EG results in developmental tezicity (imcluding
teratogenicity) in mice. Price gz al. (1984; 1965) have reported that
czposure to BG by gavage during organcgeneeis in CDe-1 mice (0, 750, 1500 or
3000 mg/kg/day) resulted im reduced metermal weight and weight gein, and
reduced gravid uterine weight in a dose-related manner. Fetal weight vae
peduced at ell doses im mice. The percentage of malformed live fetuses per
iitter end the proportion of litters with one or more malformed fetuses were
increased at ell doses im mice. The typical malformations ebserved were
eraniofacial defects and severe axisl skelstal dysplasia. Ko "no observable
effect level™ (WOEL) vas determined in this study. Bthyleme glycol was also
evaluated in the se-called Chermoff assay where pregnent CDe-1 mice were
dosed by gavage at one dose (11,090 mg/kg, 10 mi/kg undiluted) on gestational
deys 7 to 14 (the day a copulatory plug wae observed was deaignated
gestational day 1) and allowed to litter; litters were examined on postnatal
deys 1 and 3 and discarded. Ten percent (5/50) of the dams died and 41X
(15/37 dams) had visble pups. The aumber of live pups per litter at birth was
reduced (end the sumber of dead pups per litter at birth was elevated), and
postnatal survival was reduced (40% versus 100%) relative to comtrels. Pup
birth weight end pup weight gain were both reduced relative to controls
(Schuler gt al., 1984). The authors gave EC high priority for further testing.
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in en ETP protocol for fertility essessment by continuous breeding
(Guleti et al., 1984; Lamb et al, 1985), BG was administered in the drinking
water to CDO-1 mice at 0.0, 0.25, 0.5 or 1.0% during 98 daye of cohabitation
(one nale:one female). These doses were approximately equivalent to 0, 400,
800 and 1600 mg/kg/dey. Litters vere assessed at birth and discarded except
for the last litter which was retained for offepring sssessment. Exposure to
EC at 1.0% resulted in e emall but significant decresse in the number of
litters per breeding pair, in the number of live pupe per peir and im the live
pup veight. A significant mumber of pups im the 1.0% dose group were born
with éistinet faclal deformities. In the retained litters at .this dose, the
facial deformities were more obvious with age. These malformed animals also
exhibited fused ribs and shortened nassl, parietel, end/or frontal bones of
the skull. When pupe from the high dose group were raised to adulthood (with
continued exposure to EG) end mated, they exhibited decreased mating end
fercility indices relative to controls handled in the same manner, but no
effects were observed on litter size, pup velight or asex ratio (Gulati gt al.,
1984). The euthors deemed EG a “weak reproductive tozicant, but & potential
teratogen” (Gulasti at al., 1984, . 15).

All of the ebove studies involved exzposure to BE via the gastrointestinal
route (via gavage or dosed water) and all reported developmental toxicity
ineluding malformations in CD®-1 mice (Price et gl., 1984; 1985; Schuler gt
- al., 1984; Gulati gt al., 1984; Lamb et al., 1985).

The study by Price et al. (1984; 1985) did not defime a WOEL since the
jovest dose evaluated, 750 mg/kg/day by gavage, resulted in reduced fetal body
weight and incressed fetal skeletal melformationg. The study by Shuler et al.
(1984) employed only ome dose, 11,090 mg/kg/day by gavage. The study by
Gulati et al. (Gulati et al., 1984; Lamb gt al., 1985) identified 0.5%
(approximetely 800 mg/kg/day in the drinking water) as & HOEL.

Therefore, the present study is undertaken to determine the NOEL for
ethylene glycol, administered by gavage to Che-1 mice during organogenesis
for developmental (and maternmal) toxicity. The protecol will duplicate, as
closely as possible, the procedures followed by Price et al. (1984; 1985).

Iest Article

Ligquid ethyleme glycol (EG; 1,2-ethanediol; glyeol; GAS Re. 107-23-1) will
be the test msterial. The test material, polyester grade EG, was gupplied by
Union Carbide Corp., Hehnville, LA. One quart of slightly viscous ligquid in a
brown bottle, idemtified ss "PC-35227, UCC B35227 12/86 4407" was received on
February 18, 1987, end received the Bushy Bun Research Center (BRRC) Sample
Ho. 50-74. A semple of this material was returnmed to UcC, South Charleston,
WV, prior to ite use in this study for confirmetion of purity and stability.
Pertinent chemiecal and physical properties of EG are presented in Appendix 1.
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Precautions will be undertaken to avoid comtact of the compound to the (:“L
clothing, skin or eyes. Rubber gloves and safety glasses will always be used :7

in handling this coampound.

Cleaning Comtaminated Bquipment: BEquipment contaminated with the test
cheaicel will be clesned with water.

Storege Conditions: The test material will be kept in a chemical storage
ares. Ssmples used for the study will be stored in ember glass
bottles at room temperature. A reserve sample will be taken and kept
at BRRC.

dnimals

Two hundred (200) virgin female end the same number of virgin male
Cri:CDe-1 (ICR) Br outbred albino mice, referred to as the CD®-1 mouse will
be erdered from Cherles River Breeding Laboratories, Inc., Kingstom, KY.
FPemale mice will bde approzimately 35 days old (20-25 g) and pale mice will be
the same age (25-30 g) upon arrivel. The Che-1 mouse was chosen by the
Sponser because of its use in a previous teratogenicity evaluation with
ethylene glycol, which was edainistered by gavage {Price gt 8l., 1984; 198S5).
In eddition, the imcidemce and frequency of spontaneous palformations in the
CD®-1 mouse have been reported (Palmer, 1972; Perraud, 1976; Fritz gt al.,
1978; Rimmel gt al., 1983).

e

A1l enimals will be housed im BRRC animel room 147. The enimals will be
received at least two veeks before the initiation eof the mating peried. During
the quarantine period the enimals will be observed regularly for general health
status and ability to adapt to the watering system. Females vill be kept on
water bottles, males on the sutomatic watering system. Body weights will be
ascertained at least once prior to the mating period. Oamly mice i{in good health
as certified by the attending veterimarien with a body weight at least 20 g
(females) or at least 25 g (males) will be used for this study.

Quality Comtxel

Quality comtrol will be performed upon the receipt of thz enimels. The
following quality control evaluation will be performed cn five mice per sex for
serum analyses and for fecal examination (2inmc flocation, cellophane test and
visuasl inspection), emnd three per sex for histopathologic examination:

BlOOE . o o o o o « o o o o « o o o o Possible viral antibedies.
PECEB o o o o © o« o« « 6 © o © o o o © Intestinal perasites.
Salivary gland, trachea, lung, liver,

kidney, cervicel lymph mnedes, and

nesal cATIEY o o o o o o 8 o o o o Bistopathology.
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During the quarantime period, mice will be housed one te three per cage -

(same sex) in stainiess steel vire-mesh cages mounted in steel racks in animal
goom 147. After mating, females will be housed one per cage in stainless

. eteel vire-mesh cages mounted in steel racks slese in roem 147. Deotizede
peperboard (Shepherd Speclalty Pepers, Inec., Ralamazoo, MI) will be placed
wnder sach rov of cages to collect eolid end 1iguid excreta. All females will
be maintained om water bottles (with stainlese steel sipper tubes) to minimize
stzess. Water and food will be available gd libitum at all times. Upon
inicistion of the dosing regimen, all study enimals will remsin im Boom 147.
The light cyecle im thie zoe® will be 12 houre 1ight/12 hours dark

- {approzimately 0530-1730 for light). Specifiec information om the cages

{dimensions, ete.) Will be imeluded in the study dsta.

‘Bach mouse will be essigned s unique number and will be identifled by a
system of ear and/or toe clipplng. The syetem used will be documented in the
etudy records. :

Tempersture and relative humidity will be recorded comtinuously for each
animel holding room. Room temperature will be maintalined at 22 = 3°C, and
relative humidicy will be maintained between 40% and 60%.

Food and Yater

- The vater avallsble te the animals will be tap water (Municipal Autherity .

. of Westmoreland County, Greensburg, PA). The incoming water will be analyzed

for contaminante by the supplier and by the FKUS Corporation (Pittsburgh, PA).
" The water quelity aenalyses performed per EPA epecificatieons imclude the 129

“priority” pollutants, which were i{dentified in the PFederal Register, Vol. 45,

Ho. 98 Appendiz D, Part 122. The food aveilable to the rats will be Agvay

Prolab Certified Rodent Chow® (Agway Inc., St. Marys, OH). The analyses of

each feed batch for compositien end for poseible eontemimants will be

performed by the supplier, Agway Inc., Research Laboratories, Ithaca, Y.

RBesults of water and food analyses will be reviewed by the Study Director.

Mating

Virgin female CDe-1 mice (at least 20 g end seven weeks old) will be
‘zendomly mated tc male mice (at lesst 25 g), on a one male to cme female
besis. Rech male will be used once im this study. The observatien of vaginal
: * eepulation pluge vwill be considered evidence of successful mating for miece.
' The day a copuletion plug is observed vwill be designated gestational dey (gd)
0 (Bafez, 1970). Plug-positive mice will be housed imdividually in clean
eages.




0y

T of
Report 51-591

Page 6 pppendix 6
Page 6

be sssigned by etratified randomization by body weight to ome of four EG
treatment groupe and the vehicle comtrol group on gd 0. Bach experimental
group will comsist of thirty (30) plug-positive female mice.

- @. Rendomization end group assignments: Successfully mated females will

b. Route of administration: A4s per the request of the Spomsor, the test
article in solution (or vehicle omly) will be administered by oral-gastric
incubation (gevage).

e. Dosage selection, formulation and administration: The appropriate
anoumnt of BC will be weighed and dissolved in deionized (Miliipore®)
water (CAS Wo. 7732-18-3) with the concentration determined by the
folloving formula: )

: = dose level (mg/ked
concentration (mg/=l) dose volume (ml/kg)

The dosage volume will be 10.0 ml/kg (the ssme as that employed by Price
et al., 1984; 1985), besed on the individual animal‘'s most recent body
weight. The resulting seolution will be sdministered through s 18 gauge
1.5-inch commercial bali-end stalnless steel needle (Perfektuwm®, Popper
and Sons, New Hyde Park, NY) attached to a 1.0 ce disposable syringe. The
exact amount of dosing solutien given to ecch animal will Be recerded and
will be avalilable to the Spomser upen request. The dosege solutions will
be prepared as neceseary based en the stebllity data (see Section g%
belov). Delonized (Millipored®) vater ie selected as the vehiecle sinmce
the test chesmical is fully eseluble in it and i¢ ves the vehicle empleyed
by Price et gl. (1984: 1985).

d. Chemical analyses: Prier to the omset of this study, the appropriaste
éosage formulations In water will be evaluated for homogemelty and
stablilicy by BRRC. Based on this informetion, dossge solutions will be
formulated at BRRC end enalyzed et least once each time they are
formulated. The procedures and results of these gvaluations and the times
for formulation and smalysis will be included in the ravw date and detailed
in the finsl geport. ' '

¢. Treguency and length of administrations The test artiele solution {er
vehicle enly) wilil be admninistered as & @ingle daily dose by gavege for 10
deye (gd 6 cthrough gd 15).

f. Doses of administraticn: The target concentreticns for the four (4)
groupe receiving ethylene glycol ia deionized water will 50.0, 150.0,
800.0 eand 1500.0 mg/kg/dey. The vehiecle control group will recelve
deionized water at 10.0 mi/kg (0.0 mg/kg/day).

g. Maternal observations and measurements: HMice will be weighed on gd 0,
6, 9, 12, 15, end 18. All enimals will be observed daily throughout the
study (ecclimation to necropsy). In addition, animals mey be additionally
observed daily during the treatment peried and from the end of treatment
weil the terminstion of pregnancy for climicel signs of toxielty, if
warranted., Water consumption will be recorded at three-day intervals, for
gd 0-3, 3-6, 6-9, 9-12, 12-15, end 15-18.
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B. Haternal sacrifice and lapsrotomy: Hice will be sacrificed om gd is,
euthenized by cervical dislocation. The maternal body cavities will be
epened by a midline thoracolaperotomy. The gravid uterue, ovaries
(including corpora lutea), cervixz, vagine, and abdemimal and thoracie
cavities of each pregnant animal will be exemined grossly. Ovarian
eozpora lutes of pregnancy will be counted, and matermal liver weight will
be determined. Matermal Ridmeys (2) will also be weighed, bisected (left
longitudinally, right transversely) and fized ian buffered meutral 10%
formalin. Eidneys from high dose and comtrol dems will be ezemined
histelogiceally. Matermal kidneys from other animsls may be examined
histologically at the regquest of the Spomsor at edditicmel cost. The
uterus with evaries and oviducts attached will be removed from the

- abdominal cavity, veighed, end dissected longitudinally teo expose the
contents. All live and dead fetuses and resorption sites (early and late)
will be recorded. Uteri from females thet eppear mongravid will be placed
in a 10% ammoniun sulfile soluticn for confirmation of pregnancy status
{Saleweki, 1964).

Al} iive fetuees will be veighed, semed extermelly, eand exemined for
external malformetions including cleft palete, and extermsl variatiens.
A1) live fetusee in each litter will be ezamined for thoracie and
abdominal viaceral sbnormelities by modificetion of methods described by
Scaples (1974). One half of thié live fetuses in each litter (odd numbered
fetuses frem litters with en odd number of live fetuses end even numbered
| fetuses from litters with an even number of fetuses) will be decapitated
| and their heads will be fized in Bouln’s solution for examination of soft
? tissue craniefacial structures by & free-hand sectioning method modified
| from Wilsen (1965, 1973) and van Julsinghe end Benmett (1977). 4All
fetuses In each litter (50% intaect, 50% decapitated) will then be
eviscerated, fixed in ethanol, processed for skeletal staining with
alizarin red S (Crary, 1962; Peltzer end Schardein, 1966), and examined
for gkeletal mslformations and veriatioms.

i. Dead or moribund snimels: A gross necropsy will be performed on ell
enimals mot survivimg to the echeduled sacrifice in an sttempt to
determine the cause of death. Pregneney status will be determined, if
possible, by exemination of uterine contents or by staining apperent
pongravid uteri with 10% emmonium sulfide. Matermal tissues will be
preserved for microscopic exemination in . neutral buffered 10% formalin
enly as deemed necessary by the gress findings.

j. Culled animals: 4nimals not used in the study will be euthanized er
used for methods development and traiming of the BRRC staff. Their fate
vwill be fully documented.

The wmit of comparisom will be the pregnant female or the litter (Weil,
1970). Resulte of the gquantitative continuous varisbles (e.g. maternal bedy
weights, organ welghts, etc.) will be intercompared for the four treatment
groups and one vehicle control group by use of Levene's test for equal
variances (Levene, 1960), snalysis of variance (AROVA), and t-tests with
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Bonferroni probabilities. When Levene's test indicates homogeneous veriances //
end the AROVA is significant, the pooled t-test will be used for pairvise ;aﬁz
comparisons. When Levene’s test imdicates heterogeneous variences, all groups
will be compared by an ANOVA for umequal variances (Browam and Foraythe, 1974)
follrved, vhen necessary, by the separste varizpee t-test. "

Honparametric data obtained following laparohysterectomy will be
etatistically evaluated using the Kruskal-Wallis test (Sokal and Rohlf, 1%969)
folloved by the NMann-Whitney U test for pairviee cemperisons (Soksl and Rohlf,
1969) vhen sppropriete. FPrequency data will be compared using the Pisher‘s
Exact Test (Sokal and Rohlf, 1969). Por all statistical tests, the fidueial
limit of 0.05 (ctwo-tailed) will be used es the critical level of significance.

Rormal eafety precautiocns will be employed in the handling of the test
article. The Sponsor will edvise BRRC of any additional precautioms that
should be teken.

%

_ Alterations of this protocel may be made as the study progresses. No
wajor changes in the protocol will be made without the specific vritten
reguest or consent of the spomsor. Im the event that the Sponsor asuthorizes a
protocol cheange verbally, such change will be made by BRRC. However, it then
becomes the responsibility of the Sponsor te follow such verbal chenge with a
vritten verificetion. All protocel modificetions will be issued as emendments
end will be signed by the Study Director and Spomsor.

Scheduling

Animals arrive at BRRC: Jume 13, 1988
Acelimatization peried begins: Jume 13, 1988
Mating period begins: Jume 29, 1988 (first gd 0 June 30, 1988)
Treatment period begins (gd 6): July 6, 1988
Sacrifice period beglns (gd 18): July 18, 1988
Approzimate date of completion of
fetdl head and skeletal evaluatiome: Octeober 28, 1988
Submisaion of draft fimal report te Sponser: Nevember 11, 1988

411 recogds perteining to this study will be permanently retained and placed
in the BREC Arzchives upon eompletion of the peport. All deta, imeluding reports
from this etudy, will be retained for at least ten (10) years after coupletion of
the study ia the BREC Archives end will be mede available for imspection upen
requast by authorized personmnel of the Spomsor. An appropriate sample of the
test erticle will be reteined for tem (10) years following cempletiom of the

atudy.
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The Bushy Run Reasearch Center through the administration of a guaelity 7/ 3
assurance progra® by the Good Laboratory Practices Committee end Qualizy
dseurance Unit, eseures complience of all phases of tozicological studies with
ezisting regulations and ;enctally aceepted goed laboratory praectices [EPA
{Tsca), 1983]. :

Personnel

Seudy Direector: 8. ¥. Tyl, Ph.D., DABT,
Haneger, Reproductive and
Developmental Toxicology

Attending Veterimary Paethologist: P. B. Loseco, Vi), Diplomate ACVP
Pathologist: P. E. Loseo, VMD, Diplomate ACVP
Eistelogy Persomnel: - M. A. HMecGee, BET(ASCP), Supervisor

Developmental Toxicolegy
Pecsconel: B. L. Butler, AET, AALAS Cezt. II
" ¥H. A. Copeman, 4.A., B.A.
D. L. Fait, AALAS Cert. II
. L. €. Fleher, B.S.
H. F. Rubena, B.S., AALAS Cert. II
B. J. Tarael, AHT, A.5., AALAS Cert. 1

Analytical Persomnel: ' J. P. Van Miller, Ph.D., DABT, Manager
B. 4. Vrbanle, B.A.
Animal Care: BR. B. Aleman

Quality Assurance Personnel: o be J. Calist:, B.85.;, AALAS Cert. 1III,
. Group Leader
J. B. Bernard, B.S.
J. B. Coleman, B.S., AALAS Cert. III

Other study team a@abérs to be determimed.

Repoxt

A report will be prepared upon completion of the study. The marrative portion
of the report will imclude an abstract, imtreduction, materials and methods,
results, discussion, conclusions and references. The report will also include
sean maternal bedy veights of pregnant animsls, mean number of corpora lutea per
dam, total, visble end monviable implantations, embryonic resorptions, pre- and
postimplantation losses, fetsl sex ratios, mean fetal body weights, and
salformations and veriations observed In this study. All means vill be
accompenied by stendard deviations. The report will imclude the following tables
end eppendices:

m
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2ables

Susmary of Analysee of Dosing Selutioms
Distribution and Fate of All Animals on Study
Summary of Hatermal Body Weight end Weight Changes
Summary of Maternal Clinicel 2igns
Summary of Maternal Water Comsumption
Summary of Laparohysterotemy Findings
Summary of Histologic Exemination of Maternel Kidneys (high dose and controls)
Suwmery of Petal Externasl Exeminaticne
Summary of Petal Visceral Exsminations (imcluding results from cranio-

facial exzeminations)
Summary of Fetal Skelstal Ezeminations

Good Laboretory Practices Compliasnce Statement
Dates of Quality Assurence inspections and report to nanzsement of
significant deviations from protoeol

dppendices :

Analyses of Test Chemical amd Doaing Formulations

Individuel Maternal Deta (in-life and necrepsy)

Individual Fetal Body Weights by Litter, Sex and Uterine Lecation
Individuval Malformations and Variations by PFetuses and Litters
dnatodic Patholegy Beport

e~

WPC/esk/1207P-3
05-03-88
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ek & Basy Ennnome & bomeem 8590, @ ) GROBRS Bt
o e, mmnwm-mﬁ"mumg&%nm.maw 7/?'

CHEMICAL NAME: Bthylene Glyeel - CHEMICAL PAMILY: @lyeols
FORMULA: FoCah 00 MOLECULAR WEIGHT: 62.07
SYNONYMS: BG: Glyeol; 1,2-Ethenediol

BOILING POINT, 197°¢ (387°r) FREEZING POINT *33°¢ (9°F)
760 mm Hg :

SPECIFIC GRAVITY 1.115 et 20/20°¢ |VAPOR PRESSURE 0.08 em Mg
(Hgo 8 3) - .t wc.

VAPOR DENSITY 2.1 SOLUBILITY IN 300

{air = 1) WATER, € by wt.

APPEARANCE Colorless liquid; |EVAPORATION RATE [0.01
.gggn ®ild eder. (Butyl Acstate & 1)

ANGREDIENTS -\ o= nrpe goape, 5078 o0 -

MATERIAL ® TLY HAZARD
Ethylene Glycel 300 §0 ?a (125 ag/m® Tezie
eeiling, fer wapor Animal Terategen
end mist ecomdined (UeC clessification)

(ACGIH 31904-85).
Union Cerbide pecem-
@ended ceiling is the
game 88 ACBIN TLY.

R T UiV FIRE AND EXPLOSION WAZARD BATA T TL T T
FLASH POINT . 1881°F, Teg closed eup, ASTH D 86
260°F, Clevelend epen cuwp 257TH D 92
FLAMMABLE LIMITS |LOWER (3.2 (Estimsted) UPPER [28.2 (Estimeted)
N AIR, € by velume
EXTINCUISHING iy elcehol ¢ er all purpese ¢ feams @anufecturers’
MEDIA Tobeumended technd Tor o

igues fer large firer. Use weter sprey,
leerbon dienide or m ehemicel medie for emell firx.

SPECIAL FIRE FIGHTING |De not spray peel fires @irectly. & eolid streem of weter oF

SROCEDURES feam directed inte het, Burning liguid can cause frothing. Use
self-gentained breathing epperatus end pretective clothing. :
UNUSUAL FIRE AND ALt

EXPLOSION HAZARDS bene

. . oBO . .

MDD BODEO® DABBO® o ©
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g N TN A

T v, HEALTH ' HEALTH EFFECTS WHICH MAY ;- .

ST e @ity - DCCUR §

ot A SOUEE D |

m fl:": o

For wepor and mist cumbined: €0 ppm eceiling (ACGIM 1984-85).

| sﬁa niuel @iscemfort or pein, @izziness, melaise,
: luwmber pein, eliguris, uremis, and central mervous system

depression. Severe ki&xe{ damage folicws the swallewing

- of lerge velumes of ethylene glycel. fey be fatal.

SKIN ABSORPTION Mo evidence of edvaree hesaith effects frea availeble
infermation.

INHALATION flay cause drritetien of the nese and throet with headache.

partieulerly frem mists. Migh vaper toncentratiens esused,
for example, by heating the meterial in en enclesed end

gaerxy ventileted wvorkplace may produce mauses, vemiting,
eadache, end dizziness.

SKIN EONTACT He evidence ¢f adverse health effects frem
eveilable infermatien.
CYE CONTACT Liguid, vepor. end mist, may eause discomfort in the eye

with ¢ransient eonjunetivitis. Serious eormeal injury
is mot entieipeted. '

israc‘rs ©OF REPEATED OVEREXPOSURE ‘ O
= - Bt el R 5

SRS

Inhelation of mist mey preduce signs ef central merveus system {nvelvement,
particulerly dizziness end nystagmus.

& S G A AR AR ia s
THER EFFECTS OF OVEREXPOSURE °. -
- : ol
Ethylene ql!col nes deen shown te preduce dese-relsted terstegenic effects in rats end
@ice when g ven by gavege er in drinking vater et high eencanirstions. There is, however,
8o ewrrently eveilable information te @ st that ethylene glvesl has caused birth
Gefects in humens. Therefore, ethylene glycel 4s ecensidersd an enimal terategen.

%wo ehrenic feading studies, using rets end mice, have mot preduced any evidence that
ethylene glycol ceuses dose-related incresses im tumor incidence, er @ different patiern
e tumors compared with umtreeted eemtrels. The absence of 2 carcinegenic potential for
ethylene glycel has been supperted by mumercus in vitro gunotexicity studies shewing
thet it dees mot produce mutegenic er clastegenic effects.

{eentinued)
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SN Remsve centeminated elothing and f£lush skin with water.

INHALATION Remove to freeh air. €all o physicien 4f éiscenfor:
persists.

gves Immedietely f£lush with weter, end esntinue vashing the

eyes for several mimutes.

NOTES TO PHYSICIAN

The principel texic effects of ethylene glyecol, when swallowed, are kidney demage and
metabolic ecidesis. Bthanol {e sntidotel, end its earl adninistretion may bleck

the formatien of mephrotozic metabolites of ethylene o&ycol in the 3iver. Bthanel
should be given intravenously, as & 5% solutien in sodium bicarbenate, 8t & rate of
about 20 ethanel per hour. & desired therapeutie level of ethanel im Dleed is

00 agél. Hemodielysis may be reguired. Pulmonery edeme with exemia hes been
described in & number of patients folleving poisening with ethylene glyeol. The
mechanism of production hes met been elucidated, but 4t éppears te be nencardiegeniec
in origin in several cases. Respiratory support with mechenical ventiletien end
wesitive end-expiratory pressure may be reguired.

UNSTABLE STABLE CONBITIONS
p TO AVOID |sene
INCOMPATIBILITY Normally unresctive; however, aveid streng beses at
{naterials to sveid) high temperatures, etreng acids, streng exidizing

agents end materiels reactive with hydremyl cespounds.

HAZARDOUS COMBUSTION OR Burning mey preduce earbon menezide and/er earben
DECOMPOSITION PRODUCTS [diexide.

HAZARDOUS POLYMERIZATION

Mey Oceur |[Will Mot Cecur CONDITIONS
y : - T0 AVOID [mene
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" EPS TO BE TAKEN rotective e nt. 8mall spills should
ere be filushed vitg Tydpme o oule |

. MATERIAL 18 RELEASED derge guantities of water. Lareer
‘' JR SPILLED 6pills should Be eoliscted for @icpesal. g e
WASTE DISPOSAL Incinerate in o furnece where permitted under
METHOD gpr riete Federal, State, er lecal regulatiens. at
gy

o¥ gencentretien in water, cthilcm @lyecel is
readily biedegredable in e Diological westevater
treatment plant.

% .:\ .'.. ; ~ 25 ~‘ = ‘~ SRS e ‘ RS ,, ;, ,‘ , ,‘ g
RESPIRATORY PROTECTION

(epecify type)
VENTILATION |Genesal (mechanical) reem ventiletion say be aeeguate i€ hendled st

ambient temperstures or in cevered eguipment. 2

ambient temperatures

eére enceeded or sperstions emist which ®ay preduce misting, leecal

exhause ventilatien is meeded.

PROTECTIVE Rubber or EYE flencgoggles/
GLOVES polyvinyl chloride ecated |PROTECTION Face Shield
OTHER PROTECTIVE

FAUIPMENT Eye beth end sefety shover

S f‘_"*‘.t_‘.-."'-.f‘e;';g)s.'jSPECJM. PRECAUTIONS Losse s s ,: AR
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING
Do not teke intermally.
Do not breathe mist.
&veid prolonged or repeated breathing of vapor. ~-
Avoid eontaset with eyes. '
Reep container elesed.
Use with sdeguate ventilstioen.
Wash theroughly after hendling.
FOR INDUSTRY USE ONLY

OTHER PRECAUTIONS -
' Bene

The epinions expressed hereln are these of auslified experts within
Unlen Carbide Corperation. We believe that the Infermation eonteined
herein (s current as of the date of this Material Safety Date Sheet.
Since the use of this (nformation end ef these epiniens end the esndi-
tions of use of the produet ere net within the eontrel of Unien
Garbide Corporstion, it is the user's ebligstion ¢ determine the
eonditions sefe use of the preduet.

.

2/G = B=£93%2B .
5 « &y Printed in U.8.A.

| e/8
| Pcco- 35201, 33202, 35227
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ERCTOCOL AMERDIENT 21

TITLE: Developmental Toxziecity of Bthyleme Glycol Administered by Gavage to
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The protocol is amended as follows: ’ eV

Location of Protoecol Change:
Description of Protocol Chenge:
From:

“Liquid ethylene glycol (EG; 1,2-ethenediol; glycel; CAS Fa. A
107-21-1) will be the test meteriai. The test material, polyester grade
EG, vas supplied by Uniom Carbide Corp., Hahnville, LA. One guart of
elightly visecsus liquid in 2 brown bottle, identified as "PC-35227, UCC
B35227 12/86 4407 was received om February 18, 1987, end received the
Bushy Run Research Center (BRRC) Sample Mo. 50-74. A sample of this
material was returned to ULy, South Charleston, WV, prior to ite use in
this study for confirmation of purity end stebility. Pertiment chemical
and physical properties of BG are presented in Appendiz 1.¢

To:

“Liguid ethylene glycol (EG; 1,2-ethamediol; glyecel; CAS Ko.
107-21-1) will be the test materiel. The test material, polysster grade
EG, ves supplied by Union Carbide Corp., Hahnville, LA. Omne guart of
elightly viscous liquid im a brown bottle, identified as "PC-35227, UCC
835227 12/86 4407", UCC order Ro. 631370 vas received on May 12, 1988, and
received the Bushy Bun Research Center (BERC) Sample He. 51-182.

Pervinent chemicel and physical properties of BG are presented {m Appendix
1.“ ’ ’ )

‘Rcsionale: The anslysie of ¢ saemple of the origimal BG, BRRC Zample Fe.

50-74 by UCC, Seuth Charleston, WV {ndiceted that sithough the purity
vae still »99.99%, the ultraviolet resulte were not in compliance

vith international standards. Therefore a nev shipment of EC vas
obtained from the same source with approprieste amalysis on the date
indicated, prior to the start of the study, for use im this study. -

Location of Protocol Change:

Deseription of Pretocel Chamge:

Freom:

“énimals

Two hundred (200) virgin female and the same number of virgin male
€el:Che-1 (ICR) Br outbred albime mice, referred to as the CDe-1 mouse
will be ordered from Chaerles River Breeding Laboratories, Ime., Kingstom,
HY. Pemele mice will be approximately 35 days old (20-25 g) and male mice
will be the same age (25-30 g) upon arrival. The CD@®-1 mouse was chosen
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7=
by the Sponsor because of itz use im a previous teratogenicity evaluation
vith ethylenme glyeel, which was aduinistered by gavage (Price gt gl., 7 Z}
19843 1983). Im aeddition, the imcidence and frequency of spontaneous
malformations in the CDe-1 mouse have beem reported (Palmer, 1972;
Perravd, 1976; Fritz gt al., 1978; Kimmel gt 8l., 1988).

“All enimale will be housed in BREC enimal room 147. The enimsls
vill be received at lsast two veeks before the imitiastion of the sating
period. During the quarantine pericd the enimals will be cbserved
regularly for gemeral health status and ability ¢o adept to the watering
system. [emales will be kept on water bottles, males on the automatic
vatering system. Body weighte vwill be ascerteined at least opce prior to
the mating periocd. Only mice in good health es certified by the ettending
veterinarian with e body weight at leas: 20 g (females) or at least 25 g8
(males) will be used for this study.”

Te:

énizale

Two hundred tventy-five (225) virgin fesale end the seme number of -
virgin male Crl:CD8-1 (ICR) Br outbred albino mice, referred to as the
CD8-1 mouse will be ordered from Cherles River Breedinmg Leboratories,
Inc., Kingston, K¥. Female mice will be approzimetely 35 days old (20-25
g) and male mice vill be the same age (25-30 g) wvpom arrival. The CDO-1
mouse was chosen by the Sponsor because of its use in e previous
teratogenicity evaluation with ethyleme glycol, which vas edministered by
gevege (Price gt al., 1984; 1985). Im edditiom, the incidence and
frequency of spontaneous malformetions in the CD®-1 mouse have deen
reported (Palmer, 1972; Perraud, 1976; Fritz et al., 1978; Rimmel et al.,
1985).

-

"All enimals will be housed in BRRC animal room 147. The animals
will be zeceived at least two weeks before the initiation of the mating
peried. During the guarantine period the enimals will be cbserved
regularly for general health status and ebility to adapt to the laboratory
animal care procedures. All mice will be kept om water bottles. Body
veights will be ascertdined et lesst cmce prior to the mating period.
Only mice im good health es certified by the attending veterisarian with a
body weight at least 20 g (femsles) er at lesst 25 g (males) will be used
for thie etudy.”

RBationsle: The aumber of animale ordered wae changed from 200/sex to
225/sex prior to start of the study to optimize the chances of
obtaining the sppropriate sumber of plug-positive femeles within the
designeted mating peried. Iz additicn, all enimele will be om water
botties rether than just the females, since mice in general have &
difficulc tise edjusting to sutomatiec watering esyeteme and the
emended procedure will minimize stress and mexzimize the number of
enimals which scecliimatize succesefully.

A %




F\r}

Je

B
Protecol Ame Report 51-591
Page 4 Appendiz 6
Page 20
Location of Protocol Chamge:
724/

Description of Protocel Change:
From:

“c. Dosage selection, formulation end sdminisctratiem: The eppropriete
amount of EC will be weighed and dissolved in deionized (Millipore®)
water (CAS Fo. 7732-18-5) with the concentration determined by the
folloving formula:

tratd /ml) = 9ese level (mg/ke)
concentration (mg/ml) dose volume (ml/kg)

The dosage volume will be 10.0 mi/kg (the same ss that employed by Price
8t al., 1984; 1985), based on the individual enimal’s most recent bedy
veight. The resulting solutiecn will be administered through & 18 gauge
1.5-inch commercial ball-end stainless steel meedle (Perfektum®, Popper
end Sons, New Hyde Park, NY) attached to & 1.0 cz disposable syringe. The
exact amovmt of dosipg solution givem to each 2uimal will be recorded and
vill be evailable to the Spomsor upon request. The dosage solutions will
be preparsd es necessary based om the stability date (see Section "d™
below). Teionized (Millipore®) water is selected as the vehicle since
the test chemical is fully soluble i{a it and it was the vehicle emploved
by Price gt al. (1984; 198%).%

Teo:

“e. Dosage selection, formulation and edmimistration: The eppropriate
emount of EG will be weighed and dissolved in deionized (Millipore®)
water (CAS No. 7732-18-5) with the comcemtration determimed by the
folleving formula:

concentration (mg/ml) = 498¢ level (me/ke)
' dose volume (ml/kg)

The dosage volume will be 10.0 mi/kg (the same as thst employed by Price
&t al., 1984; 1985), based on the individual enimal’s most recent bedy
veight. The resulting soluti¢m will be administered through & 18 gauge
1.5-inch commercial ball-end stainless steel needle (Perfektum®, Popper
and Soms, Hew Hyde Park, NY) atteched to & Hemilton Diluter/Dispenser
(Hemiltom, Bemo, Hevada). The ezact amount of desing solution given to
esch enimal will be recorded and will be available to the Spemsor upon
request. 7he dosage solutiones will be prepared as mecessary based on the
etabilicy deta (eee Section “d™ below). Delonized (Miliipore®) water is
selected as the vehicle simce the test chemical is fully soluble im it and
it vas the vehicle employed by Price gt gl. (1984; 1985).7 ‘

Rationale: A Hemilton Diluter/Dispenser will be used to measure and
deliver the dosing solu” ans rather them & 1.0 ce disposable syringe
to optimize acecurate B .esurement and delivery of the correct volume
of dosing solutien to sech animal, eince the Diluter/Dispenser is
ealibrated in ul.
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4. Locaticn ef Protecel Chenge:

Description of Protocel Change:

Freas

“h. HMaternal secrifice end leparotoay: HMice will be sacrificed om gd 18,
euthanized by cervical dislocation. Ths matermal bedy cavities will be
opened by & midiine thoracolaparotomy. The gravid uterus, ovaries
(including corpors lutea), cerviz, vegina, end ebdominal end thoracic

- cavities of each pregnant animal will be exemined gressly. Ovarian
corpora lutea of pregnency will be counted, and maternel liver weight will
be determined. Matesnal kidneys (2) will elso be weighed, Disected (left
longitudinally, right tramsversely) and fized in Buffered meutral 10%
formalin. Ridneys fros high dose and control deme ¥will be examined
histologicelly. Maternal kidneys from other snimels may be examined
histologicelly at the request of the Spomsor et additiomal cost. The
vterus with ovaries and oviducts attached will be removed from the
abdominal eavity, welghed, and dissected longicudinally to exzpose the
contents. All live and dead fetuses end resorptiocn sites (early and late)
will be recorded. Uteri from females that appear nomgravid will be placed
{n a 10% emmoniwm sulfide solution for confirmation of pregnancy status
(Salewski, 1964). :

411 live fetuses will be weighed, sexed externally, and exzamined for
externel malformations imeluding cleft palate, end external variastioms.
A1l live fetuses im sach litter will be examined for thoracic and
ebdominal visceral abmormalities by medification of methods desecribed by
Steples (1974). Onme half of the iive fetuses in each litter (odd numbered
fetuses from litters with 2n odd number of live fetuses and even numbered
fetuses from litters with an even mumber of fetuses) will be decapitated
end their heads will be fized in Bouin's soclution for exzemination of soft
eissue creniofacial structures by & free-hand sectioning method modified
from Wilson, (124%. 1973) and van Julsinghe end Benmnett (1977). All
feruses in each litter (50% intact, SOX decepitated) will then be
eviscersted, fized in ethanol, processed for skelétal staining with
alizerin red¢ & (Crery, 1962; Peltzer and Schardein, 1966), and examined
for skeletal melformations and veriations.®

To:

“h, Haternmal secrifice and laparotomy: Mice will be sacrificed on gd 18, o
euthanized by cerbon diexide sephyziaticn. The maternal body cavities
will be opened by & midiime thoraceleparotcay. The gravid uterus, evaries
(including corpora lutes), cerviz, vegina, end ebdominal and thoracic.
cavities of each pregnant enimel will be exzamined gressly. Ovarien
cozpore lutes of pregnancy will be coumted, aand metermal liver veight will
be Getermined. Maternal kidneye (2) will slso be weighed, bisected (lefe
longitudinelly, right transversely) and fized in buffered meutral 108
formalin. Kidneys from high dose and comtrol dams will be axzemined
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histelogically. MNaternsl kidneys from other emimals may be exzamined ; fi‘f
histclogically at the request of the Spomsor at edditiemel cost. The 7Zé
uterus vith ovaries and oviducts attached will Be removed frem the

abdominal cavity, weighed, and dissected lomgitudinally te axpose the

contente. All live and dead fetuses and resorptiocn sites (early anéd late)

will be recorded. Uteri from females that eppeer nongravid will be placed

in e 10% szmoniwm eulfide solution for comfirmetion of pregmency status
{Salevaki, 1964).

All 1ive fetuses will be wvelighed, sexed externally, end ezemined for
ezternal malformations imeluding cleft palste, 2nd ex=ternal veriasticms.
411 live fetuses in eesch litter will be ezemined for thoraeic and
abdominel visceral ebmormelities by modification of methods described by
Staples (1974)and the sex verified imtermally. Ome balf of the live

. fetuses in eech litter (odd mumbered fotuses from litters with am edd
numbar of live fetuser and even mumbered fetuses frem litters with an even
poumber of fetuses) vwill be dacapiteted and their heads will be fized im
Bouin‘s solution for ezsminetion of soft tissue craniofacial etrectures by
a free-hand eectioning method modified from Wilesom (1965, 1973) and ven
Julsingha and Bemnett (1977). A4ll fetuses in eech litter (S50% intact, 50%
decapitated) will chen be eviscerated, fized in ethanol, processed for
skeletal staining with alizerin red § (Crary, 1962; Peltzer end Schardein,
1966), and ezamined for skeletal malformations end variatiome.®

Bationale: WHice will be sacrificed by carbon dlozide essphyxistien rather
then by ecervical dislocation aimce the former procedure is more
humane end comsistent with euthanization procedures at BRRC. Also,
during the visceral examinstion of ell live fetuses, the sex of each
fetus vilil be verified imternmally. This ie the routine procedure et
BREC and is edded to the proteocel for completenmess.

PATH/plh/1386P-1
05-13-88
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MEMORANDUM

SUBJECT: Review of Pharmacokinetics and Disposition Studies with
Ethylene Glycol for FYI-OTS-0589-0692

FROM: ‘Leonard C. Keifer, Ph.D. %&/{,474\

Chemist

Metabolism/Structure Activity Section
Toxic Effects Branch

Health and Environmental

" Review Division (TS-796)

TO: Jackie Favilla
: FYI Coordinator
Chemical Screening Branch
Existing Chemical Assessment Branch (TSr778)

THRU : Pauline Wagner Qogsoﬂqy\x)mﬁgwk) 4

Section Chief
Metabolism/Structure Activity Sectlon \
Toxic Effects Branch §
Health and Eunvironmental

Review Division (TS-796)

I. INTRODUCTION

Ethylene glycol (EG) is a slightly viscous, very hygroscopic
ligquid with a boiling point of 197.6°C; it is miscible with water
(Windholz, 1983)..

The study reviewed below was conducted to compare the
pharmacokinetics and material balance for EG following single
doses administered via intravenous (iv) injection, gavage, and
dermal application to male and female rats.

II. REVIEW OF STUDY

A, Study Identification: Frantz SW, Beskitt JL, Grosse
CM, Jensen CB, Tallant MJ. 1989 (March 24). Ethylene Glycol:
Comparison of Pharmacokinetics and Material Balance Following
Single Intravenous, Oral and Cutaneous Administrations to Male
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and Female Sprague-Dawley Rats. Performed by Bushy Run Research
Center, Export, PA. Project Report 51-543.

B. Study Type: Absorption, Distribution, Excretion,
Pharmacokinetics, Material Balance

c. Test Materials: Unlabeled polyester grade EG from
Union Carbide (PC 35227, UCC B35227 12/86 4407) had a purity of
100.0%. [1,2-""C]EG was received in two lots from Sigma Chemical
Company: 1) lot no. 037F9207, specific activity 3.6 mCi/mmol,
radicpurity 99.2%; 2) lot no. 077F9209, specific activity 6.0
mCi/mmol, radiopurity >98%.

D. Test Arimals: Male and female Sprague-Dawley rats 10-
11 weeks old were acclimated to the laboratory for at least- five
days and to individual Roth-type metabolism units for two days
prior to desing. Each animal in the pharmacokinetics phase of
the study was fitted with a jugular vein cannula prior to ac-
climation to the metabolism units. Groups of four male and four
female animals were used for each phase of the study.

E. Dosing Regimen: Groups of animals received single doses
of EG via iv injection, oral gavage, or dermal application at
nominal doses of 10 or 1000 mg/kg. In addition groups of animals
received single oral gavage doses of EG of 400, 600, or 800
mg/kg. Animals dosed dermally were dosed on an area of 1 cm’ of
clipped skin with undiluted EG or with a 50% agueous solution of
EG covered with an occlusive cover for 6 hours after application.

Dosing solutions were analyzed before and after dosing using
a Hewlett Packard 5880 gas chromatograph (GC) with a Carbowax 20M
fused silica capillary column and a flame ionization detector
(FID).

F. Methods:

1. Material Balance Study: Following administration
of EG by the appropriate route, animals were placed in
individual metabolism units equipped for the separate
collection of urine, feces, and expired CO,. Urine and
feces were collected at 12, 24, 36, 48, 72, and 96 hours
post-dosing. Expired 'CO, was trapped during 12-hour inter-
vals through 48 hours post-dosing and then at 24-hour
intervals until termination of the cecllection period. Urine
samples were stored at -80°C and "“C0, samples were stored at
~20°C until analyzed.

At the end of the 96-~hour (four days) collection period
animals were killed and the following tissues and fluids
were collected: blood, liver, kidney, brain, perirenal fat,
lung, testes, pelt, dosed site (from dermal application
groups), and residual carcass. Aliquots of tissues were
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oxidized using - 1 OX-300 Biological Materials Oxidizer (R.
J. Harvey Instr ament Corp.) prior to quantification of 'C
via liguid scintillation counting (LSC, instrument not
identified).

2. Pharmacokinetics Study: Blood samples were drawn
via the indwelling jugular vein cannula immediately before
and at 0.5, 1, 2, 4, 8, 12, 18, 24, 36, 48, 72, and 96 hours
following administration via either the oral or dermal
route. Blood samples were collected at 0 (pre-administra-
tion), 5, 15, and 30 minutes and 1, 2, 4, 8, 12, 18, 24, 36,
48, 72, and 96 hours following administration of the iv
dose. Radiocactivity was determined in aliquots of plasma
and red blood cells (following oxidation) using LSC. Equal
portions of plasma from each animal in each group at each
time interval were pooled for determination of unchanged EG.

Approximately 6 hours following the application of the
dermal doses, the occlusive covering was removed and any
unabsorbed test compound was washed from the site of appli-
cation with a water-wetted cotton applicator. At the end of
the collection period the skin at the site of applicat on
was removed from the animals. The coverings, washes, and
skin were analyzed for radioactivity.

Urine and feces were collected at 12, 24, 36, 48, 72,
and 96 hours post-dosing. Expired “CO, was trapped during
12-hour intervals through 48 hours post-dosing and then at
24-hour intervals until termination of the collection
period. Urine samples were stored at -80°C and “CO, samples
were stored at -20°C until analyzed.

3. Metabolite Profiling and Preliminary Identifica-
tion: Relative proportions of unchanged “C-EG and metab-
olites in urine were determined using high performance
liquid chromatography (HPLC, Waters Associates) with a
refractive index (Waters Associates)and an in-line radioac-
tivity flow monitor (Packard Instruments). Unchanged EG in
plasma was determined using GC of the phenylborate ester
derivatives using a Hewlett Packard 5890 GC with a bonded
phase DB-1 fused silica capillary column and a Mass Selec-
tive Detector (MSD) operated in the Selective Ion Monitoring
(SIM) mode.

4, Pharmacokinetic Description: Semilogarithmic
plots of both total radioactivity and unchanged EG con-

centrations in plasma vs. time and the RSTRIP (Fox and
Lamson, MicroMath Inc.) software were used to estimate the
pharmacokinetic parameters. Parameters estimated were the
following: the rate constant of absorption, k, (except iv
doses); the rate constant of initial disposition, a: the
rate constant for terminal disposition, #; the rate constant
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of elimination, k,; the volume of distribution at steady
state, V,*; and the half-lives (t,,) of absorption and elim-

ination. i
G. e S Se
1. Material Balance Study:

a. IV Route: 1In rats dosed via iv injection with

EG at 10 mg/kg the major route of excretion of the “C
was in the expired air as 'O, (approximately 41 (M) -
44(F)% of the dose in 96 h) with the majority of the
radioactivity expired in the first 12 h (30(M) ~ 32(F)%
of the dose). Lesser amounts were excreted in the
urine (25(F) - 27(M)% in 96 h). A total of 15(F) =~
19(M)% of the dose of radioactivity was recovered in

- the tissues examined, the residual carcass, and the

- cage washings. The total recovery of radioactivity

| rangec from 85(F) to 90(M)%.

There was a dose dependent shift in the route of
excretion of C in the rats dosed with 1000 mg/kg EG.
The major route of excretion of the “C at the high dose
was in the urine (45(F) - 52(M)% of the dose in 96 h)
with the majority of the radiocactivity excreted in the
first 12 h (39(F) - 44(M)% of the dose). Lesser
amounts were excreted in the expired air as '“CO, (appr-
oximately 28(M) - 29(F)% of the dose in 96 h). A total
of approximately 9(M,F)% of the dose of radioactivity
was recovered in the tissues examined, the residual
carcass, and the cage washings. The total recovery of
radiocactivity ranged from 88(F) to 922(M)%.

The tissue/plasma ratios for liver, kidney, and
lung at both dose levels and pelt at the low (M) and
the high dose (M,F) were greater than one.

ral Rout Low and High Doses): At the low
oral dose of 10 mg/kg EG the major route of excretion
of the “C was in the expired air as '°CO, (approximately
42(M) - 48(F)% of the dose in 96 h) with the majority
of the radiocactivity expired in the first 12 h (30(M) -

35(F)% of the dose). Lesser amounts were excreted in
the urine (approximately 26(M,F)% in 96 h). A total of
16(F) - 22(M)% of the dose of radioactivity was recov-
ered in the tissues examined, the residual carcass, and
the cage washings. The total recovery of radiocactivity
ranged from 92(F) to 93(M)%.

Excretion of ¢ in the rats dosed with 1000 wg/kg
EG was primarily in the urine (35(F) - 43(M)% of the
dose in 96 h) with the majority of the radiocactivity
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excreted in the Jirst 12 h (approximately 31(M,F)% of
the dose). Lesser amounts were excreted in the expired
air as "“CO, (approximately 27 (M) - 28(F)% of the dose
in 96 h). A total of 11(M) - 16(F)% of the dose of
radicactivity was recovered in the tissues examined,
the residual carcass, and the cage washings. The total
recovery of radioactivity was approximately 83(M,F)%.

The tissue/plasma ratios for liver, kidney, lung,
and pelt (male) at the low dose were greater than one.
At the high dose the tissue/plasma ratios were greater
than one for the liver, kidney, lung, pelt, and resid-
ual carcass (male).

c. Oral Route (Intermediate Doses): Routes of
excretion of “C at the intermediate oral dose levels
were as follows:

Dose (mg/kd) Urine(%) Expired "“co.(%)
400 21 (M) 39(M) T
38(F) 39(F)
600 26 (M) 34 (M)
37 (F) : 33(F)
800 27 (M) 30(M)
. 41(F) 32(F)

d. Dermal Route: At the low dermal dose of 10
mg/kg EG the major route of excretion of the "C was in
the expired air as €O, (13(F) - 14(M)% of the dose in
96 h) with the majority of the radioactivity expired in
the period of 24-96 h (7(F) - 10(M)% of the dose).
Lesser amounts were excreted in the urine (7(M) - 8(F)%
in 96 h). A total of 9(F) -~ 10(M)% of the dose of
radioactivity was recovered in the tissues examined,
the residual carcass, and the cage washings. The
absorbed dose was approximately 31.5(M,F)% of the
applied dose. The amount of radioactivity recovered
from the skin at the site-of application ranged from
3(F) to 10(M)%. The total recovery of radioactivity
ranged from 42.5(F) to 49(M)%.

At the high dermal dose of 1000 mg/kg EG the major
route of excretion of the "C was in the expired air as
“co, (12(F) - 14(M)% of the dose in 96 h) with the
majority of the radioactivity expired in the period of
24~96 h (6(F) - 8(M)% of the dose). Lesser amounts
were excreted in the urine (7.5(F) - 8(M)% in 96 h). A
total of 9(F) = 13(M)% of the dose of radioactivity was
recovered in the tissues examined, the residual car-
cass, and the cage washings. The absorbed dose was
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29(F) - 36(M)% of the applied dose. The amount of
radloactivity recovered from the skin at the site of
application ranged from 1.5(M) - 2(F)%. The total
recovery of radiocactivity ranged from 84 (M) to 85(F)%.

For the dermal dose of 1000 mg/kg 50% aqueous EG
the major route of excretion of the "“C was in the
expired air as "CO, (6(M) - 2(F)% of the dose in 96 h)
with the majority of the radioactivity expired in the
period of 24-96 h (5(M) - 8(F)% of the dose). Lesser
amounts were excreted in the urine (4(F) - 4.6(M)%_in
96 h). A total of 11(M) - 11.5(F)% of the dose of
radiocactivity was recovered in the tissues examined,
the residual carcass, and the cage washings. The
absorbed dose was 22(M) - 26(F)% of the applied dose.
The amount of radioactivity recovered from the skin at
the site .f application ranged from 4(F) - 5(M)%. The
total recovery of radioactivity ranged from 81(M) to
83(F)%.

The tissue/plasma ratios for liver, kidney, lung
(female), and pelt at the low dose were greater than
one. At the high dose the tissue/plasma ratios were
greater than one for the liver, kidney, lung, and pelt.
For the 50% aqueous EG dose the tissue/plasma ratlos
for liver and pelt were grecater than one.

i

2. Pharmacokinetics Study: The following text table

summarizes the pharmacokinetic parameters estimated for
total radioactivity for all dosing routes. The column
headed "k,t,,"” presents the half-lives for absorption, the
column headed "gt,," presents the half-lives for the initial
disposition phase, the column headed "gt,," present the
half-lives for the terminal disposition phase, and the
column headed "Time to C,," presents the time required for
maximum concentration in plasma to be reached. Under the -
dermal route the column“headed "k, t,." presents the half-
lives for elimination and the column headed "Lag time" pre-
sents the time delay until radiocactivity reached the sys-
temic circulation.

Route Dose(ma/kqg) k.t at. Bt Time to C..
IV 10 0 1.48m(M) 26.6h (M) 0
0 2.62m(F) 18.9h (F) 0
1000 0 3.88h (M) 37.0h (M) 0
0 2.72h(F) 31.6h(F) 0

6 Data Tables Excluded
‘From This Electronic Version
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