Exami nation of the Acute Hepatic and Renal Toxicity fromthe Concurrent Cral
Exposure to Chloroformand Trichl oroet hyl ene.
By Mchelle Ziegler Lilly
(Under the direction of Dr. Jane Ellen Simmons and Dr. Louise M Ball)

I ncreased hepatic and renal toxicity occurs follow ng concurrent exposure to
carbon tetrachloride (CCl4) and trichloroethylene (TCE) relative to that seen
from each chem cal al one. Consequently, the interaction of TCE and
chloroform (CHCI 3), a close structural anal ogue of CCl 4, was exam ned. Adult
mal e F-344 rats were gavaged with 0, 0.5 or 1.0 m CHO3/kg, Oor 1.0 m
TCE kg or their factorial combinations in corn oil. Urine was collected at 0, 6,
12, 24, 36 and 48 hrs, and hepatotoxicity was assessed at 24 and 48 hrs. To
exam ne the influence of gavage vehicle, additional rats were gavaged with 0,
0.50r 1.0m CHO3/kg, O or 1.0 mM TCE kg or their factorial conbinations in an
aqueous vehicle (10% Emul phor 620). Urine was collected at 0, 6, 12, 24, 36
and 48 hrs, and hepatotoxicity was assessed at 24 and 48 hrs. CHCI 3 al one
caused hepatic and renal toxicity. At 48 hours post dosing, serum AST and
LDH were observed to increase 88-146 fold and 45-48 fold, respectively, when
CHCI 3 was adnmi nistered in corn oil. Increases in AST and LDH were
significant when CHClI 3 was administered in the aqueous sol ution; however,
el evations were no nmore than 3-fold for either enzyme. Vehicle differences
were al so observed in increases of ALT and bile acids. Both were significantly
el evated when administered in oil conpared to the aqueous vehicle. Peak
hepat ot oxi city was observed to be 48 hours when CHCI 3 was adnministered in

oi | whereas in the aqueous vehicle, 24 is greater or equal to 48 hours, based
on elevations in ALT and bile acids.

CHCI 3 appeared to be nore nephrotoxic when admnistered in the oil vehicle
conpared to the aqueous. Histopathol ogical |esions (both renal tubule
degeneration and renal tubule necrosis) were nore severe in the groups
receiving CHC3 in oil conpared to the aqueous vehicle. In contrast to CHCL3,
TCE al one was not overtly toxic to either organ. Concurrent exposure to both
CHCI 3 and TCE produced significantly less toxicity relative to CHC 3 al one.
This was observed in serumenzymes at 24 and 48 hours and in urinary
enzymes at 36 and 48 hours. Additionally, histological |esions were
consi stently less severe when CHCI 3 was administered in the presence of TCE
conpared to CHCI 3 alone. In conclusion, hepatic and renal toxicity were
observed fol l owi ng CHCl 3 exposure and no effects were observed from TCE
al one. CHC13 was significantly nore acutely hepatotoxic when administered in
an oil than in an aqueous vehicle. Relative to CHCI3 al one, serumand urinary
indicators were significantly decreased fol | owing concurrent adm nistration of
CHCI 3 and TCE which appeared to be independent of the dosing vehicle.
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I. I ntroduction
Human contact with chem cals, environnental |y or occupationaily,
sel domoccurs as a single exposure to an individual substance. It is well known
that we are exposed to many hundreds of conpounds, both synthetic and
natural, on a daily basis. As a result, know edge of the toxicity fromsingle

chem cal exposures, based on animal toxicity assessments, may not accurately

predict the effect of nultiple exposures to chemcals in conjunction with other
confoundi ng environnental factors. The pursuit of understanding and
characterizing such interactions is an inportant one if we are to ultimtely,
accurately predict the human heal th consequences of exposure to nultiple
chenicals in the environnent.

There is a pressing need to evaluate the toxicity of conplex chemca
m xtures and since drinking water is a potential media for nultiple exposure to
potentially large popul ations, assessing the public health risk associated with
drinking water and the naintenance of drinking water quality are high priorities
for environmental regulatory and public health agencies. Contam nants
associated with the disinfectant process such as trihal onethanes (THVs) as
wel | as other volatile organic conmpound (VOC) contam nants comonly found
in water have been the focus of much interactive toxicity investigations.

Concurrent exposure to a binary mxture of carbon tetrachl oride (CCl 4)
and trichloroethylene (TCE) is known to result in a potentiation of toxicity
(Sinmons et al., 1992, Pessayre et al., 1982; Borzelleca et al., 1990; Steup et
al., 1991). Also, sinultaneous exposure to CCl4 and chlorof orm (CHCl 3) has
been shown to exert a nore than additive effect (Borzelleca et al., 1990; Steup
et al., 1991, Harris et al., 1982). Chlordecone (Hewitt et al., 1980) and ethano
(Strubelt, 1980) have both been found to potentiate the toxicity of CC 4,
addi tionally, both conpounds are known to potentiate the toxicity of CHC3
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(HGwi tt et al., 1980).

Both CHCI 3 and TCE are comonly found at hazardous waste sites
(Gisham 1986) and as waste sites are potential sources of groundwater
contam nation, the sinultaneous occurrence of the two conpounds in drinking
water is probable. Additionally, since CHO3 is formed by chlorination of
surface waters for disinfection, this increases the inportance of studying this
particular VOC and its potential interactive capabilities with other drinking water
cont am nant s.

TCE is known to potentiate CCl4, and since CCl4 and CHCI 3 are
structurally simlar conpounds, it was the objective of this study to examne the
possible interaction of CHCI3 and TCE, to characterize the dose dependence of
any observed interaction and to exam ne the effect over tinme. This would
provide us with information on the behavior of two structurally simlar binary
ni xt ures.

Digestible oils are the classical vehicle for volatile, |ipophilic conpounds
which are poorly soluble in water (Kimet al.,1990a). As a result, nost health
risk assessnments are based on data derived fromorally gavaged ani mal studies
that utilized oil as the vehicle of admnistration. The oil vehicles were previously
thought to be inert but there is increasing evidence that it may be a confounding
factor. Alterations in physiological effects, target organ dose, absorption
di stribution, metabolism elimnation and toxicity may result fromthe vehicle
used to admnister the chemcal (Kimet al., 1990a; Condie et al., 1986). In
addition, corn oil may alter the nutritional status of the animal which mght alter
the toxicity of the conpound of interest (Condie et al., 1986). It has recently
been shown that corn oil affects the activity of P450I1E by increasing the
concentrations of the isozyme (Yoo et al., 1990). HE is known to be the isozyne

responsi ble for the metabolismof CHCI3 (Brady et al., 1989) as well as other
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VQOCs.

Drinking water is one of the exposure routes of interest for these
chem cal s and evi dence exists that the degree of toxicity observed from
admnistration in an oil vehicle is different fromthat observed fol | ow ng
admnistration in an aqueous vehicle in aliphatic hal ogenated hydrocarbon
studies (Chieco et al., 1981; Kimet al., 1990a; Condie et al., 1986).
Differences in rate and extent of uptake in pharmacokinetic studies have been
observed for chlorinated hydrocarbons when admnistered in oil solutions as
conpared to aqueous solutions (Wthey et al., 1983); thus, another aspect of
this study was to conpare the toxicity produced by CHCI3 and TCE al one and

in conbination when given in both oil and aqueous vehicles.
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il. Literature Review

A I ntroduction

The National Research Council (NRC)(1984) proposed a scheme to
prioritize and identify chemcals for toxicity testing and hazard ranking.
Important factors included in the prioritizing procedure include

1. a chemcal being present at the disposal site

N

. its potential for release and nigration through the environment

w

. its potential for resulting in adverse human health effects
4. its recognition by the scientific comunity and or general public as being a
chem cal causing concern.

In addition, the Mtre Corporation (1983) conpiled a list of chemcals or
groups of chemcals that were reported as being present in the environnent in
the vicinity of the then 546 National Priority List (NPL) sites which had been
desi gnated by the Environnental Protection Agency (U.S. EPA) as mandat ed
under Conprehensive Environnental Response, Conpensation and Liability
Act (CERCLA) and are identified by U S. EPA as being disposal sites causing
docunent ed environnental concern.

According to the Mtre study, trichloroethylene (TCE) was found at
129/546 NPL sites and chloroform (CHCI 3) was found at 68/ 546. Wen ranked
by frequency of occurrence, TCE was first followed by toluene, benzene, |ead
with chlorof ormranked 5th. The Conservation Foundation (1984) al so reported
that EPA had eval uated approximately 900 sites for possible inclusion on the
NPL for cleanup and CHClI 3 and TCE were anmong the ten nmost conmonly
reported substances at these sites.

Considering the NRC criteria and the information regarding the
preval ence of chloroformand trichloroethylene in the environment, these are

two of the many contaminants which nerit further toxicological evaluation
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Know edge of the toxicity based on exposure via drinking water is of interest
since it is a potential route for human exposure. In addition, the interaction of
the two conpounds is of inportance since in nmany instances sinultaneous

exposure is plausible.
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B. Chl orof orm Cccurrence in the Environnent

CHCI 3 occurs natural ly; however, the majority in the environnent is due
to anthropogenic activities. In 1989, 587.6 mllion [ bs of CHCI 3 was produced
inthe U'S (SOC 1955-1990). CHCI3 is primarily used to make fluorocarbon-
22, a conponent of the cooling fluid for air-conditioners (ATSDR, 1989a). In
addition it is used in the manufacturing of pesticides, dyes, fire extinguishers,
spot removers, solvents for penicillin, vitamns, alkaloids, lacquers, floor
pol i shes, waxes and adhesives (ATSDR 1989a).

Rel eases into the environnent occur fromthe pulp and paper
manuf act uring process, pharnaceutical and chem cal manufacturing plants and
fromthe chlorination of waste and drinking water (ATSDR, 1989a). CHC 3 was
widely used in drug, cosmetic and food products until it was banned for those
purposes by EPA in 1976 (Gisham 1986).

Rout es of Exposure

Human exposure to CHCI 3 can occur via ingestion, inhalation or dermnal
contact; however, the exposure pathway of primary concern for the genera
popul ation is ingestion. CHCI 3 enters drinking water fromthe chlorination
di sinfection process as well as contam nation of surface and groundwater from
chem cal spills and waste disposal sites. The major exposure is via ingestion of
contam nated ground water (Gisham 1986); however, occupationally,
inhalation may be a major route. Inhalation and dermal, in addition to ora
exposures, in the donestic environment are now of increasing concern for
heal t h- based risk assessments (Jo et al., 1990).

CHG 3 has been found in concentrations ranging from0.7 to 540 ug/L
with a mean concentration in all waters of 14 ug/L (U.S. EPA 1990). In a study
monitoring CHCI 3 in surface water supplies of 80 cities, values ranged from

less than 0.3 to 311 ug/L (Gisham 1986). A U S. EPA survey of finished
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drinking water found a 70.3% occurrence in sanples taken fromground water
supplies (Gisham 1986). H gher concentrations of CHCI3 are found in
finished drinking water that has high levels of humc/fulvic acids and al ga
growh, an alkaline pH and relatively warmtenperatures (U S. EPA 1981).

Al'ternate disinfection processes are available to |ower the CHC 3 |evels;
however, they can be costly and unavailable to smaller water treatnent
facilities.

CHCI 3 is one of several trihal omethanes (THWs) which are currently
regul ated col lectively by EPA In efforts to protect public health fromdrinking
wat er exposure, EPA has pronul gated a drinking water maximum contam nant
level (ML) for total THVs of 100 ppb (ug/L) as technically and econonically
feasible for municipal water supplies serving 10,000 people or nore (ATSDR
1989a) .

Toxi col ogical Profile

For both inhalation and ingestion routes of exposure, the systemc target
organs for toxicity are the liver, kidneys and central nervous system (CNS)
(ATSDR, 1989a). The liver and kidney are the nost sensitive target organs with
CNS toxicity observed only at very high exposures. Toxic hepatitis and |iver
enl argenent were found in workers exposed by inhalation to CHCI3 at Ievels of
2 to 205 ppmover a period of 1 to 4 years (Bonski et al., 1967). A fatal oral
dose of CHCI3 may be as little as 10 m (211 nmg/kg) for a 70 kg hunman
according to Schroeder (1965). A wide range of oral LD50 values (lethal dose
that kills 50%of the treated animals) have been reported; the ATSDR reports
that the LD50 values for rats are 444 to 2000 ng CHCl 3/ kg and 118 to 1400 ny
CHCI 3/ kg for mce depending on age, sex and strain.

In a chronic study, rats were gavaged with dosages greater or equal to

90 ng CHCI 3/ kg/day for 78 weeks and then observed for the follow ng 33
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weeks. Mrtality was found to be dose related, due perhaps to liver toxicity (NC
1976). In mce, gavaged with CHCI3 for 78 weeks and observed for 14-15
weeks, a dosage of 477 ng/kg/day resulted in decreased survival whereas
dosages |ess than 238 ng CHCl 3/ kg/day did not (NCI 1976).

Level s of acute oral exposures found to produce any liver and ki dney
effects in humans are not known; however, a patient who ingested 2.6 to 11.6 g
CHCI 3/ day in cough medicine for approxi mately 10 years devel oped hepatitis
and necrosis (Vallace, 1950). It has been noted that confounding factors make
these results difficult to interpret. The NOAEL (no observabl e adverse effect
| evel ) for humans is currently set at Ing CHCl 3/ kg/day for |iver and kidney
toxicity (ATSDR, 1989a). The acute oral NOAEL and LOAEL (I owest
observabl e adverse effect level) for target organ toxicity in mce are set at 18
and 30 ng CHCI 3/ kg, respectively (ATSDR, 1989a). Rats have been found to
nore resistant to CHG 3 toxicity with the acute NOAEL and LOAEL being 30
and 150 mg CHCI 3/ kg respectively (ATSDR, 1989a).

An epi dem ol ogi cal study uncovered a possible relationship between
human exposure to chlorinated drinking water and cancer of the bladder, |arge
intestine and rectum (U S. EPA, 1985). CHCI3 is one of several volatile organic
contam nants (VOCs) considered to have carcinogenic potential, but has yet to
be identified as the main cause of cancer associated with chlorinated drinking
wat er (ATSDR, 1989a).

Met abol i sm and Hepatotoxicity
Wen orally ingested, CHCI3 is absorbed rapidly through the intestinal nucosa,
a dose-dependent first-pass effect occurs with pulnonary elimnation of the
unchanged conpound (ATSDR, 1989a). Mnk et al., (1986) adm nistered single
oral doses of 100 ng 1'AC-CHOIS'kg in corn oil (16uCi/kg) to rats and mce. In

rats the total recovery was 78%after 8 hours, 65% of which was expired as
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unnt abol | 2ed CHCI 3, 6.5% was expired as C02, 2.6 % was excreted in urine
and 3.6%was recovered in organs. A greater extent of metabolismwas found
in mce wth 26% expired as unchanged CHCI 3 and 49.6%as C02 with total
recovery of 94%

Large interspecies and sex differences in nmetabolism tissue distribution
and coval ent binding to tissue macronol ecul es nake dose and species
extrapolations difficult (ATSDR, 1989a). Dogs appeared to be the nost
sensitive species to CHCI 3 induced hepatotoxicity. The liver is generally the
nost sensitive target organ but in some male mce strains such as the ICR the
ki dneys were nore susceptible.

In order to exert toxicity, CHCI3 nust first be metabolized (Pohl, 1979).
This occurs primarily in the Iiver and ki dneys and has been found to be a
saturabl e process. The exhalation of CO2 is a major route of elimnation with
the concentration of CO2 in the exhal ed breath being dose dependent. The
liver converts CHCI3 to C02 approximately 5 times more rapidly than the kidney
with the adi pose, blood and nuscle tissue exerting little influence on CHC 3
met abol i sm (Paul and Rubenstein, 1963; Pohl, 1979). The metabolic activity is
| ocalized in the mcrosomal fraction of |iver honogenates and depends upon
the presence of pyridine nucleotides (Pohl, 1979). The pretreatnent of animls
with inducing agents of |iver mcrosomal cytochrome P-450 such as ethanol,
DDT and phenobarbital markedly increased the hepatotoxic response to CHC 3
(Pohl, 1979). In contrast, when animals are pretreated with inhibitors of |iver
cytochrome P-450 such as SKF 525-A or piperonyl butoxide, a decrease in
hepatotoxicity is found .

CHCIS is known to deplete Iiver glutathione (GSH in rats by a process
whi ch appears to involve a CHCI 3 netabolite based on the observation that an

i ncreased anount of GSH depletion was found in rats pretreated with
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phenobarbl tal (Pohl, 1979). GSH, a scavenger of electrophillic conpounds
which can potentially bind to tissues may react with the CHCI 3 nmetabolites and
protect against any resulting hepatotoxicity. This role is supported by the
observation that hepatotoxicity is potentiated when [iver GSHis depleted by
pretreatment with diethyl maleate (Pohl, 1979). GSH depletion in the liver is a
rapi d process. Wthin 1 hour after the interperitoneal (ip) admnistration of 0.2
m CHCl 3/kg to phenobarbital-treated rats, it was observed that approximtely
59% of the GSH was depleted (llett et al., 1973).

CHCI 3 netabolites have been reported to bond covalently in vivo to
macr onol ecul es such as protein, lipids or nucleic acids in the target organs
where it causes tissue damage (llett et al., 1973). A correlation between the
extent of coval ent binding of CHCI 3 netabolites to tissue macronol ecul es and
tissue damage and toxicity has been reported (Pohl, 1979). Pretreatnent with
inhibitors or inducers of P-450 decrease or increase, respectively, the amunt of
liver damage and the amount of coval ent binding (Pohl, 1979). Pohl reports
that the coval ent binding of CHCI 3 netabolites displays a striking preference for
the accunulation in the centrilobular hepatocyctes and in the proxinm
convol uted tubular cells in the kidney.

Hi stol ogi cal studies have shown that CHCI 3 causes narked alterations
of cellular organelles. The rough endoplasm c reticul umshows fragmentation
and | oss of ribosomes and a depression in protein synthesis is observed
(Smuckl er, 1976). This functional loss is believed to be in part responsible for
the accunul ation of fat seen in the liver based on the know edge that excretion
of lipid fromthe liver requires a carrier protein

As early as 1915 it was suggested that phosgene (C0CI 2) was a
nmetabolite of GHC 3 (Pohl, 1979). The potential mechanismfor the biologica

formation of COCI2 fromCHCI3 is outlined in Figure I. The trichloronethano
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(C13-C-0H) would not be expected to be stable and woul d spontaneously

dechlorinate to COCI 2 since the only trihal onethanol derivative found in the
literature is trifluoronethanol (F3COH) a conpound which spontaneously
dehydrof | uorinated at -200 C {Pohl, 1979). The COCI2 is extrenely
eiectrophillic since it is a di-acyl chloride and consequently will react with any
nucl eophi l e, nucleophilic thiol or hydroxyl and amno groups in protein and
l'ipids and therefore be responsible for the covalent binding and the depletion of
hepatic GSH

Cysteine is known to react rapidly with COCI2 to form 2-oxothiazolidine-
4-carboxylic acid (see Figure 2). Thus, using cysteine as a trapping agent,
since COCI2 is reactive and volatile, it was concluded that phosgene was in fact
a metabolite of CHCO3 (Pohl et al., 1977).

CDCI 3 is known to be netabolized more slowly than CHCl 3 suggesting
that the cleavage of the C-H bond of the CHCl3 was the rate determning step in
this enzymatic process (Pohl, 1979). This observation supported the proposed
oxi dative dechlorination mechanismfor CHCI3. Qther potential toxic
metabol ites of CHCI3 include the trichloronethyl radical and the dichloronethy
carbene (Pohl, 1979).

Nephrotoxicity

In addition to eliciting hepatotoxicity, CHCI3 is known to be nephrotoxic
The lesion is localized primarily in the proximal tubule and characterized by a
mar ked increase in kidney weight and swelling of the tubular epithelium which
I's associated with marked necrosis and tubul ar casts (Lock, 1989). Species
di fferences have been observed in the renal netabolismof CHCI3 by the rat in
contrast to the mouse or rabbit. In a study by Smth et al. (1985) rat rena

cortical tissue was found to netabolize CHCI3 to C02 and a reactive

intermediate capable of binding to macronol ecul es. The extent of netabolism
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inthe rat tissue was substantially less than that observed previously with mce
and rabbit renal tissue. In addition, an atnosphere of CO oxygen (80:20) did
not alter CHCI3 toxicity in rat renal cortical slices whereas CO did reduce
CHCI 3 toxicity in nmouse renal cortical slices (Smth and Hook, 1983).

Hepatic vs Renal Toxicity and Metabolism

It has been suggested that the renal metabolismof CHC 3 may not
i nvol ve cytochrone P-450 as much as the hepatic netabolismdue to the
inability of COto reduce CHO3 toxicity in rat renal cortical slices (Pohl, 1979).
This suggestion was supported by the observation that the severity of CHC 3
nephrotoxicity in vitro did not differ between Fischer-344 and Sprague- Dawl ey
rats al though the concentration of renal cytochrone P-450 has been shown to
be two-fold greater in the Fischer-344 rat strain (Smith et al., 1985).
Consequently, there appears to be a difference in the metabolismof CHC3 in
the kidney and Iiver mcrosomes. This is supported by the finding that in vivo
CHCI 3 did not deplete GSHin the kidney of the rat as it did in the liver (Docks
and Krishna, 1976). Thus, the activation of CHCI 3 by oxidative dechlorination
may not occur in the rat kidney as it does in the liver since no kidney gl utathione
is depleted and it does not appear to be catalyzed by P-450 (Docks and
Krishna, 1976).

Various ketonic solvents are capable of potentiating CHCl 3-induced
renal and hepatic toxicity inrats (Hewtt et al., 1983). In Sprague-Daw ey rats
the potentiation of hepatic CHCI 3 toxicity by 2-hexanone (nethyl-n-butyl
ketone) is associated with increased concentration of hepatic cytochronme P-
450, increased bioactivation of CHCl3 to phosgene, and increased depletion of
hepatic GSH (Branchflower and Pohl, 1981).

The findings that 2-hexanone treatment did not increase the total |evel of

renal mcrosomal cytochrome P450 or [ead to a depletion of total renal GSH
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after the admnistration of CHCl 3 suggested that the metabolismof CHCI3 to
Q0Cl 2 may not occur in the kidney (Branchflower and Pohl, 1981). These data
suggested that the mechani smof CHC 3-induced nephrotoxicity in rats may
differ fromthat of hepatotoxicity (Smth et al., 1985). CHCl 3-induced nurine
nephrotoxicity was only observed in males (Smth and Hook, 1983). The rena
met abol i smof CHCI 3 to phosgene (trapped as 2-oxothiazolidine-4-carboxylic
acid) requires the presence of 02 and NADPH and can be inhibited by CO
supporting a role for cytochrome P-450 in this species (Lock, 1989).
Adm nistration of CHCI3 to nale mice produced a depletion of renal GSH
indicating that phosgene is also formed in vivo as a netabolite in nouse kidney
(Lock, 1989). Incubation of CHCI 3 under an atnosphere of CO di m nished the
toxic effects showing further evidence of renal metabolismsuggesting oxidative
met abol i smof CHCI 3 by cytochrome P-450. The |evels of renal cytochronme P*
450 and associ ated nonooxygenases were 3 to 5 tines higher in the male vs
femal e mce and pretreatment with diethyl maleate a GSH depletor, increased
mal e but not fenmale susceptability, suggesting sex differences in kidney
met abol i zing enzymes (Smith and Hook, 1983).
Reducti ve Met abolism

A large number of studies have suggested that the CHCI 3 activation
process depends on the m crosomal drug netabolizing systemand is
influenced by the presence of oxygen (Pohl, 1979). In a study by Tomasi et al.,
(1985) about 30% of the metabolismof CHCI3 still occurs under anaerobic
conditions, suggesting the presence of a reductive netabolic pathway. It is
known that hal onet hanes conpete with oxygen for electrons supplied at the
cytochrome P-450 |ocus, thus netabolic reduction is favored at a | ow 02
tension (Tomasi et al., 1985). Tomasi found that several THW (CHCI 3 and

chl or odi br ononet hane (CHCI Br2) undergo reductive netabolismin isol ated
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hepat ocytes incubated under nitrogen and give rise to free radica

intermedi ates (Tomasi et al., 1985). Additionally, Testai and Vitozzi, (1986)
recently denonstrated that the induction of rats with phenobarbital dramatically
stimul ates the hypoxic reductive bioactivation of CHCI 3. The investigators
concl uded that the hypoxic bioactivation may have a role in CHCI 3 toxicity.
Testai and Vitozzi, (1992) have extensively studied both reductive and oxidative
met abol i sm of CHCl 3. The investigators have proposed 3 processes that
produce chemically reactive species fromchloroform Two of these are
oxidative, but differ in their affinity for CH3 and . The products fornmed by
these processes are not different and both bind to lipids and proteins and are
efficiently scavenged by GSH The difference is that one has been observed to
be inhibited by |ower O tension than the other. The third process is inhibited
by oxygen and gives rise to a protein-lipid binding ratio simlar to that
attributable to trichloronethyl radicals. This may represent the reductive
formation of radicals in agreenent with Tomasl (1985). The investigators
propose that in the centrilobular region of the liver, the oxidative process is
limted because of the low Q2 tension and allows the reductive pathway to

proceed at the maxi num | evel
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C Tri chl or oet hyl ene: Cccurrence in the Environment

Approximately 200 mllion I'bs of TCE are used annually in the United
States (ATSDR, 1989b). Roughly 80%is used as a solvent for the vapor
degreasing of fabricated metal parts and the remaining 20%for chem ca
i ntermedi ates, mscellaneous use and exports (ATSDR, 1989b). Mst of the
TCE is released into the atnosphere by evaporative |osses from degreasing
uses and | eaching to groundwater fromwaste disposal |andfills (Sabel and
Cark, 1984).

According to the Mtre study, trichloroethylene (TCE) was found at
129/ 546 NPL sites. Wen ranked by frequency of occurrence, TCE was first
fol l owed by tol uene, benzene, lead with chloroformranked 5th. The U S. EPA
G oundwat er Supply survey of 945 water supplies nationw de using
groundwat er sources found TCE in 91 of the 945; the nedian |evel of the
positive sanmples was ~1ppb with a single maxi mum|level of 130 ppb (Westrick
et al.,1984). Various federal and state surveys indicate that between 9 and 34%
of the water supply sources in the U S. may be contamnated with TCE (ATSDR
1989h); thus, a main source of exposure occurs via ingestion of drinking water.

EPA has established a drinking water standard of 5 ppb which applies to
comunity water systems and those which serve the same 25 or nore persons
for at least 6 nonths (ATSDR, 1989b). Cccupational exposure is also of major
concern and OSHA regul ates exposure at an average concentration of 50 ppm
inthe air for an 8 hour day over a 40 hour week (ATSDR, 1989b).

Phar nacol ci neti cs

TCE is an uncharged, nonpolar and highly |'ipophilic conpound that is
readi |y absorbed across the gastrointestinal mucosal barrier (ATSDR, 1989b).
Absorption fol l owing oral exposure in both humans and animals is rapid and

extensive. In a study by Prout et al., (1985), male Oshorne-Mendel and Al deriy
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Park Wstar-derived rats and Swi ss-Webster and B6C3F1 nice were exposed
via a single intragastric admnistration to 10, 500, 1000, 2,000 ng/kg C OTCE
incorn oil, (dosing volume was 1.0 ml for rats and 0.5 m for mce). Metabolism
of TCE in the nouse was |inear over the range of dosages whereas in the rat it
became constant and i ndependent of dosage at 1000 ng/ kg and above. At
2000 ng/ kg TCE, 78 % of the dose was elinm nated unchanged in the rat, but
only 14 %in the mce. Mce appear to have a greater capacity to metabolize
TCE, explaining their greater susceptability to TCE toxicity and carcinogenicity
(ATSDR, 1989b). No significant strain differences were observed throughout
the study other than the B6C3F1 mce having a higher tolerance to doses over
1000 ngy/ kg TCE.

The absorption characteristics of TCE are different depending on
whet her the conpound is admnistered to fasted or nonfasted animals. D Souza
et al., (1985) found that in fasted male Sprague-Daw ey rats (300-350g), TCE
adm ni stered in 50% aqueous suspension (PEG 400) was rapidly and
conpl etely absorbed with peak bl ood concentrations 6-10 mnutes after dosing.
I'n nonfasted ani mal s the peak bl ood TCE concentration occurred at the same
time but the peak levels were 2-3 times |ower than those observed in fasted
animals. Vehicle effects on absorption and peak bl ood concentration have
al so been observed with TCE (Wthey et al., 1983).

Toxi col ogi cal Profile and Hepatotoxicity

Animal studies indicate that the |iver and kidney are the principal target
organs of oral exposure to TCE (ATSDR, 1989b). In an acute study by Tucker et
al., (1982) to determine the LD50 in nmale and female CD-1 mice, TCE was
adm ni stered in 10% Enul phor by gavage in a volume of 0.01 ni/g body weight.
No deaths occurred at dosages up to 750 ng/kg for females and 1250 ngy/ kg for
mal es. There was 100% mortality at 5500 ng/kg for females and 6000 my/ kg in
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mal es. Consequently, the oral LD50s were determned to be 2443 nmy/ kg for
femal e mice and 2402 ng/kg for male mice (ATSDR, 1989b). Tucker et

al ., 1982, also conducted a subchronic study in which male weanling CD-1 mce
were exposed to 24 or 240 ny TCE kg/day in 10% Enul phor (0.01 m /g body w)
for 14 days by oral gavage. Increased |iver weight was the only treatnent-
rel ated effect. Based on this study, 240 ng/kg represents the NOAEL for
hepatic and renal effects for acute oral exposure (ATSDR, 1989b). The
dosages of 5,620 ng/kg/day and 3,160 ng/ kg/ day represent the LOAEL and
NOAEL respectively for internediate oral lethality in rats (ATSDR 1989b).

In intermediate duration oral studies using male B6C3F1 mice, 2,400 ngy
TCE/ kg by oral gavage in 10 m/kg corn oil for 3 days caused centrilobul ar
hepatocel lular swelling with focal hepatocellular necrosis. Dosages of 500-
1200 nmg TCE/ kg by oral gavage in 10 m/kg corn oil caused increased relative
liver weights in male B6C3FL nmice when admnistered 5 days/week for 3 weeks
(Stott et al., 1982). The highest NOAEL for liver effects in mce is 1200 ng
TCE/ kg for internmediate duration oral exposure and the only dosage associ ated
with necrosis was 2400 ng TCE/ kg which I's designated as the LOAEL (ATSDR
1989h) .

TCE is extensively nmetabolized (40-75% of the retained dose in humans)
to trichloroethanol (TCE-OH), trichloroethanol-glucuronide and trichloroacetic
acid (TCA) with mnor netabolites including chloral hydrate monochl oroacetic
acid and n(hydroxyacetyl) am noethanol.(ATSDR, 1989b) Three urinary
net abol ites account for -90 %of the total TCE, TCA (15%, TCE-OH (12% and
conj ugat ed TCE-OH(62% . (DeKantetal., 1984).

Roui sse and Chakrabarti (1986) pretreated adult nale Sprague-Daw ey
rats with phenobarbital then admnistered 0 to 2 m TCE kg in cornoil ip 16

hours after fasting. A maxinumof only 29% depl etion of hepatic GSH occurred
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within 2 hours when 1 m TCE kg was admini stered to phenobarbital -pretreated

rats with concentrations returning to control values within 6 hours and
increasing significantly 24 hours after the dose. These results suggest that the
conjugation of hepatic glutathione with the electrophilic internediate of TCE
does not appear to be a major detoxification pathway for TCE therefore
uninportant in TCE hepatotoxicity. In addition, admnistration of TCE resulted in
a dose-dependent decrease of liver mcrosomal cytochrome P-450 content,
reaching an apparent plateau at about 1.0 m TCE/ kg. At this saturation dosage
the concentration of P-450 was decreased to 51% of controls. Rouisse and
Chakrabarti (1986) suggested that the reactive internediate produced by
metabolic activation through the MFO system may formligand conpl exes with
m crosomal cytochrone P-450 with sinultaneous |oss of mxed function oxidase
activity. This study indicated a.good correlation between decreased MO
activity or cytochrome P-450 content and the extent of liver injury. It was also
shown that there exists an apparent saturable metabolismof TCE including its
activation deactivation pathways which correspond to an apparent threshold (or
mniml) toxic dose (eg ~Im TCE kg for its hepatotoxicity).
Nephrot oxicity

Chakrabarti and Tuchweber (1988) denonstrated that TCE exerts its
acute nephrotoxic potential only at a very high dose |evel and produces
nephrotoxic insult at the proximal tubule and possible glomerular regions of the
rat kidney when exposed by inhalation or ip routes

Treatment of male Fischer-344 rats (150-180g) with up to 11 mmol
TCE/ kg (0.99 m TCE/ kg) in corn oil per kg body weight (ip) did not influence
any of the measured biochem cal paraneters of nephrotoxicity. Al so
significantly elevated | evels of urinary N-acetyl-b-D glucosam nidase (NAG as

wel | as serumurea nitrogen were observed at 24 hours only at the highest dose
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I Qvel, 22mmol TCE/ kg (1.97 m TCE/ kg) (Chakrabarti and Tuchweber, 1988).
Consequent |y, TCE is known to exert hepatotoxicity well before any nephrotoxic

damage i s evident.

D. Oral Gavage Vehicles for Lipophilic Conpounds

Heal th risk assessments of drinking water contamnants have typically
been based on the results of toxicity studies in which the chemcal is
admnistered to the animal orally in an oil vehicle. There is increasing concern
that the admnistration of an oil bolus will not only produce physiological effects
but alter pharmacokinetic parameters such as the absorption or target organ
dose and in so doing possibly alter the effects or introduce confounding factors
which could significantly affect the accuracy and rel evance of oral toxicity
studies (Kimet al.,1990a).

Digestible oils have classically been used as vehicles or diluents for the
volatile lipophilic VOCs because of their poor solubility inoil at concentrations
used for toxicity tests (Kimet al.,1990a). An alternative to corn oil is the use of
enul sifying agents to sol ubiize hydrophobic conpounds in aqueous vehicles
for oral gavage or drinking water exposure. Emulphor, for exanple, is a
nontoxic liquid (Oral LD50=40g/kg in rats) prepared by pol yoxyethylation of
castor oil (GAF corp). It serves as a nonionic surfactant to produce an oil in
wat er enul si on.

Fol lowing is a discussion of several studies demonstrating that the
toxicity or pharmacokinetics of certain VOCs can be significantly affected by the
vehicle in which the chemical is admnistered.

Wthey et al. (1983) evaluated the relative uptake of equivalent doses in
vegetabl e oi | and aqueous dosing vehicles of CHCI 3, TCE, dichloroethane and

met hyl ene chloride in male Wstar rats (~400g) in a dosing volume of 3-5nl.
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Area under the curve (AUC) bl ood-concentration time curves and maxi mum
concentration (Cvax) follow ng intragastric dosing were assessed. Absorption
was rapid in both vehicles but, the rate and extent of absorption varied greatly
with vehicle. The peak concentration of CHCI3 in blood after admnistration
was 39.3 ug/m when admnistered in water and 5.9 ug/m when adm ni stered
incornoil. This could be due to the faster partitioning of the CHO3 wth
nucosal |ipids fromthe agueous vehicle relative to the oil vehicle since CHC3
is a lipophilic conpound. The time to peak blood concentration occurred
slightly more rapidly with the aqueous vehicle (5.6 min ) than the oil (6.0 mn)

An even greater difference was observed in the case of TCE where the
AUC ratio of aqueous to oil was 218 (CHCI3 was 8.70). Wtheys study
revealed that the most simlar uptake between oil and aqueous, based on AUC
ratios, occurred with nethylene chloride which had the highest agueous
sol ubility whereas TCE was the nost different and had the | owest aqueous
solubility. Clearly the oil-water partition coefficient had an inportant bearing on
the uptake froman oil solution into the G tract showing that the vehicle can
produce substantial effects by altering the systemc bioavailability of a lipophilic
substance. Al'so the uptake of the VOCs was nmore pul sed fromthe oil than the
aqueous possibly due to the dose breaking up into inmiscible globules.

Chieco et al., (1981) studied the effects of different vehicles (corn oil and
aqueous enul sion) when 200 ng 1,1 DCE/ kg (dichloroethylene) was given to
fed and fasted adult male Sprague-Dawl ey rats. In the fasted rats massive injury
[(>100 fold increase of alanine am notransferase (ALT) and aspartate
am notransferase (AST)] was observed in corn-oil treated aninmals with
moderate injury (~15 fold increases of ALT and AST) in rats receiving the
agueous solution. In contrast the fed groups showed only slight liver injury in

groups receiving both vehicles.
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Exhal ation concentrations were al so neasured every 15 mn for 5 hours.

In both fed and fasted animals, the nost rapid decline occurred when the
conmpound was admini stered in aqueous vehicle. The exhalation of 1,1 DCE
has an initial rapid phase followed by a sl ower period occurring one hour
fol l owing exposure. Exhalation was slightly delayed in the fasted groups in the
early phase whereas in the later phase, the vehicle appeared to have a marked
Influence on 1,1 DCE exhal ation. The half |ife of the 1,1 DCE after the 2nd hour
was 103 min for the corn oil vs 42 min for the aqueous. There was little
influence of the vehicle on the total percent of the dose exhal ed; however, the
half life (ti/2) values reflect a marked influence of the admnistrative vehicle

Chieco found that the hepatotoxicity of 1,1 DCE in fasted aninmals was
di m ni shed when the conpound was given in the aqueous sol ution, and based
on the exhalation of the parent compound can be correlated with the more rapid,
clearance of 1,1 DCE fromthe body. Thus Chieco denonstrated that both
fasting and vehicles can greatly affect the absorption and toxicity.

Condie et al. (1986) evaluated the effects of gavage vehicle on the
severity of the subchronic hepatotoxicity of CCl4 in male and female CD-1 mce
gavaged with 0, 1.2, 12 or 120 mg CCl4/kg in either corn oil or 1% Tween-60
for 90 days (5 days/week). The study reveal ed greater hepatotoxicity in the
mce that received CCl4 admnistered in corn oil. Inthis study the data indicate
the NOAEL based on subchronic data in corn oil was 1.2 ng CCl4/kg whereas
the NOAEL for aqueous was 12 ng CCl4/kg. In a subchronic study by Bull et al
(1986), 270 ny/kg/ day CHCI 3 was administered in corn oil or 2% Emul phor for
90 days in Inm /100y dosing volume by stomach tube to nmale and fenale
B6C3FL mce. CHCI3 administered in the corn oil vehicle resulted in greater
hepatotoxicity than when the chemcal was given in an aqueous vehicle.

in a subacute study by Merrick et al. (1989) concentrations up to 2400
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mg/ kg/ day of TCE were admnistered to male and female B6C3FL nice in either
corn oil or a 20% aqueous solution of emul phor (1m/100g body weight) for 4
weeks. Wthin the first week, all male mce exposed to 2400 ny/kg/ day died
and 8/ 12 of the female mce died when exposed to 1800 ny/ kg/ day
adm nistered in Emul phor. In contrast, only a few nmale nice died when
exposed to TCE in oil. TCE in Emul phor proved to be nore lethal but |ess
hepat ot oxi ¢ because those that survived for 4 weeks appeared to have |ess
hepat ocel | ul ar necrosis conpared to the animals receiving TCE in oil
Additional Iy, serumenzyme |evels (AST, ALT and LDH were significantly
elevated in the corn oil group conmpared to the aqueous group. Merrick
concludes that the high oil water partition coefficient of TCE for corn oil delays
the rate and extent of G uptake reducing the peak bl ood |evels over
administration in aqueous vehicle, affecting both bioavailability and toxicity.
Kimet al. {1990a) assessed the acute hepatotoxicity of 0-1000 ny
CCl 4/ kg in mal e Sprague-Dawl ey rats {200-230g). CCl4 was administered by
oral gavage in corn oil or 0.25% Emul phor (5m/kg) as well as pure chenical (3-
4 ul) and water (6-8 m dosing volune). Animals were fasted 18 hours prior to
chem cal admnistration. Dose response increases in serumenzyme |evels
were observed in each vehicle; however, serumenzymes were consistently
| ower in groups given CO4 inoil. Kimnoted that the use of aqgueous Emul phor
enul sions appears nore appropriate in acute toxicity studies of VOC drinking
wat er contam nants since simlar responses of toxicity were observed in the
groups receiving CC 4 in Enul phor, when conpared to the pure chemcal or the
adnministration in water. In an additional study by Kimet al. (1990b), the
effects of dosing vehicle on the pharmacokinetics of orally admnistered CCl4 in
rats were exam ned. Fasted 200-230g male Sprague-Dawl ey rats received 25

ng CCl4/kg in corn oil, Emulphor, water and as pure chemcal, in the sane
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dosing vol unes as the previous study. Differences in the acute hepatotoxicity
had been observed in the conpanion study by Kimet al {1990a) and the
objective was to relate the pharnmacokinetics of the vehicle effects,
bi oavailability and absorption to the effects seen in the acute study. Corn oi
mar kedl y del ayed the absorption of CCl4 fromthe G tract and produced
secondary peaks in the blood concentration vs time profile. There was a high
degree of correlation of both Cmax and AUC neasured fromO0 to 120 min with
hepatotoxicity. Kimfound that CCl4 was |ess acutely hepatotoxic in corn oi
due to delay and prolongation of CCl4 absorption resulting in a marked
decrease in the concentration of the chenical in the arterial blood and |iver.

Corn oil likely acts as a reservoir inthe G tract slowing the systemc
absorption and consequent|y altering the overal|l pharmacokinetics, netabolism
and resulting toxicity in conparison to chemcal admnistration in an aqueous
solution. An understanding of the inportance of studying the toxic effects of a
contamnant in the media in which exposure is nost likely to occur is becom ng

a nore relevant issue as the influences of vehicles are being observed.
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E. Chem cal Interactions

Toxi col ogi cal assessment of chemical interactions is a difficult task. It is
important not only to assess the biological effects of exposure to chemca
m xtures but also the pharmacokinetic influences as well as determning the
mechani sms of interaction. This information could aid in the interpretation of the
chem cal interactions which would allow for tissue dose and species
extrapol ations and ultimtely nore accurate assessments of the health risk of
nul tiple chem cal exposure

It has been noted that CHCI 3 toxicity is influenced by substances that
alter mcrosomal enzyne activity or hepatic GSH | evel s (ATSDR, 1989a).
Di sul furam an inhibitor of mcrosonal drug nmetabolizing enzymes has been
observed to decrease the hepatotoxicity of chloroform(Jorgensen et al., 1988).

Andersen et al. (1987) evaluated the in vivo interaction of TCE and 1, 1.
di chl oroethylene (DCE) in vivo in male Fischer-344 rats. Both conpounds are
met abol i zed by single saturable oxidative pathways with high affinity substrate
binding. Rats were exposed for six hours to 0, 100, 200, 300 and 400 ppm 1,1
DCE. A dramatic increase in AST |evel s was observed above the 100 ppm
concentration. Wien coexposed to both 1,1 DCE and TCE, TCE was hel d
constant at 500 ppmand 1,1 DCE concentrations were 300, 713 and 1718 ppm
In the presence of TCE, the concentration response curves were shifted to the
right indicating a inhibition of 1,1 DCE netabolism Consequently, higher
concentrations of 1,1 DCE in the presence of TCE were required to produce the
sanme elevation in AST conpared to 1,1 DCE al one. An excell ent
correspondence between predicted and observed behavi or was noted when
the inhibition was assumed to be purely conpetitive

Interactive hepatotoxicity of CHO3 and CCl 4 has been exanined in nale

Long- Evans rats (210-300g) by Harris et al. (1982). Chemcals were given ip as
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30% solutions in corn oil and rats were killed 24 hours |ater. Wen
administered alone 0.1 m CCl4/kg | owered hepatic P450 concentrations and
0.2 mM CHC 3/kg had no effect. Marked histological changes were seen in
ani mal s receiving both chenmicals while only modest changes were seen in

animals receiving either chemcal alone. Both conpounds, singly and in

conbination, failed to alter hepatic GSH concentrations. Harris concluded that
by several criteria of hepatotoxicity including serumALT, triglycerides, calcium
concentration and histopathol ogi cal changes, that subthreshold doses of
CHCI 3 and CCl 4 are hepatotoxic when given together

Borzellecca et al. (1990) examined the interactions of two pairs of VOCS
using mal e Sprague-Dawl ey rats (200-250g). CCl4 (0-400 ng/kg) and CHCI 3
(0-700 ng/kg) as well as CCl4 (0-400 ng/kg) and TCE (0-400 ng/kg) or the
i ndi vi dual chem cals were admnistered by oral gavage in 5% Enul phor.
Bor zel l ecca found that the chemcals in conbination displayed a synergistic
hepatic response for sorbitol dehydrogenase (SDH), ALT and AST, with the
peak plasma enzynme activity occurring at approximately 36 hours. In this study,
animal s were fasted for 16-24 hours presurgery, then cannul ated via the
carotid artery to allow for serial blood sanpling. Atotal of 8 sanples were
obtai ned (650ul each). Blood withdrawal and fasting may have stressed the
ani mal s causing additional elevations in enzyme |evels.

Steup et al. (1991) examined the interactions of CCl4 and CHCI3 as wel |
as CCl4 and TCE using drinking water for the route of exposure for TCE and
CHCI 3 and following with an ip admnistration of CCl4. Male Fischer-344 rats
(175-250g) were pretreated for 3 days by administration of TCE or CHCI3 in
their drinking water followed by a challenge dose of I'mml CCl4/kg In corn oi
via ip injection. TCE and CHCI 3 al one produced no significant increase in

serum ALT activity.  Wen rats were pretreated with TCE and CHCI 3, significant
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increases in the plasma ALT were observed in response to the CCl4 challenge.

Steup al so conducted strain conparisons and investigated the nost
appropriate plasm enzyne marker for hepatotoxicity. Hs results suggest that
the Fischer-344 rat is nmore sensitive to VOCs and VOC interactions than
Sprague-Dawl ey rats. The indicator nobst accurately representing
hepatotoxicity and tissue injury was ALT, which provided the clearest evidence
of the interactive toxicity consistent with the histological evidence

Hewitt et al. (1983) denonstrated that the exposure of male Sprague-
Dawl ey rats (150-300g) to a variety of ketones can potentiate the hepatotoxicity
of a subsequent exposure to a haioal kane such as CHCI 3. Animals were given
15 mol e/ kg po of ketones (acetone, 2-butanone, 2-pentanone, 2-hexanone or
2-hepatatone) in corn oil (10 m/kg) then challenged 18 hours later with 0.5 or
0.75 m CHCI3/kg ip in cornoil (4m/kg), liver injury was examned 24 hours
later. The relationship between carbon skeleton length of ketonic solvents and
potentiation of CHCI3 induced hepatotoxicity was exam ned. None of the
ketones fromacetone to heptanone produced appreciable liver injury as neither
did CHCI 3 al one. A marked degree of liver injury was produced by CHCI 3 in
ketone pretreated rats. The severity of ketone potentiated CHC 3-induced |iver
damage correlated with the ketone carbon chain |ength. The authors suggest
that while carbon chain length is a factor in determning the potentiating
capacity of a ketone, other factors are likely to be involved such as metabolite
bi otransformation. Additionally, a positive correlation between |iver weight and
ketone chain length was observed. It has been shown that several of the
ketonic solvents are capable of inducing hepatic mxed function oxidase activity
(Branchfl ower and Pohl, 1981) which m ght produce hypertrophy of the
endopl asm ¢ reticulumand increase relative |iver weight. Branchflower and

Pohl (1981) proposed that methyl n-butyl ketone potentiated chloroform
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hepat ot oxi city by increasing P450 | evels thereby enhancing chl orof orm
met abol i smto phosgene and decreasing GSH | evel s.
Et hanol pretreatment is known to enhance the toxicity of hepatotoxic

agents (Strubelt, 1980). Substances that are potentiated by ethanol are
met abol i zed in the |iver to toxic metabolites and include CCl 4, CHCI3 and TCE

(Strubelt, 1980). This supports the hypothesis that an induction or activation of
the hepatic mcrosonmal drug metabolizing systemis responsible for ethanol-
induced potentiation of hepatotoxicity. Acute or chronic ethanol admnistration
I's known to enhance the MFO activity, to enhance the in vitro and in vivo
coval ent binding of ""~CCWto |iver mcrosomal protein and to accelerate the in
vitro biotransformation of 14CC14 to 14002 (Strubelt, 1980).

Pessayre et al. (1982) reported that ip admnistration of 64 ul CCl4/kg or
Im TCEkg (in0.5m liquid paraffin), did not significantly increase serumALT
| evel s and did not significantly decrease hepatic cytochrome P-450
concentrations measured 24 hours later in male Sprague-Daw ey rats (180-
220g). However, when CCl 4 and TCE were admnistered sinultaneously, ALT
activity increased markedly and a 55% decrease in the hepatic cytochrone P-
450 concentrations was observed. The mechani smof TCE potentiation of CCl4
has been under investigation. Pessayre found an association between |ipid
peroxi dation and hepatotoxicity which was proposed as the mechani sm by
whi ch TCE potentiates CCl4. In contrast, a study by Keflas and Stacy (1989)
showed that |ipid peroxidation was not responsible for the TCE-induced

potentiation.
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F. Met hods  of Toxicol ogi cal Eval uation
I ndi cators of Hepatic Danmage

Toxi col ogi cal damage to organs can manifest itself in both functional and
nor phol ogi cal changes. The norphol ogi cal or pathol ogi cal processes involved
intheinjury will largely determne the functional or biochemcal alterations as a
result of injury (Plaa and Hewitt, 1982). The four categories of tests that are
useful specifically for evaluation of hepatic injury include histological analysis
serum enzymes, hepatic excretory function and alterations in chemca
constituents (Plaa and Hewitt, 1982).

The hepatic |esions induced by cytotoxic injury occur primarily in the
hepatocyte (Tyson et al., 1985). The injury may be characterized by steatosis,
the accunul ation of |ipids or necrosis, the appearance of degenerative
processes |eading to the death of the cell, a small group of cells (focal necrosis)
or zonal damage or damage to virtually all cells in the |obule (massive necrosis)
(Plaa and Hewitt, 1982). Chol estatic responses also may occur involving
changes in the bile flowresulting in alterations of bile salts and bilirubin
concentrations (Plaa and Hewtt, 1982). Hepatomegaly, enlargenent of the
liver, may be due to increased nunbers of cells (hyperplasia) or an increase in
cell volune (hypertrophy) (Tyson et a!., 1985) Many, but not all, conmpounds
cause hepatomegaly and there is not always a correlation of hepatonegaly
and hepatotoxicity; thus, liver enlargenment is viewed by some as an adaptive
functional response rather than atoxic response (Mtom, 1985).

In order to classify hepatic |esions, two schemes of the parenchynal
mass have been used to relate the hepatocytes with the vascular supply and
biliary system (Plaa and Hewitt, 1982). Based on the classical schenme, the
hexagonal |obule, hepatic |esions have been classified as centrilobul ar,

m dzonal or periportal according to location relative to the termnal hepatic
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venul e and the portal triad (Plaa and Hewitt, 1982). The acinar nodel has
corresponding regions of functional specificity and metabolic activity designated
as zones that are not inconpatible with the classical description.

Serum enzyme |evel s have becone the standard measure of hepatic
injury (Zimermn, 1982). They are useful for early detection of |iver damage
and for serial sampling over tine. The significance of biochenica
abnormalities as indices of hepatic injury should be judged by the supporting
evidence of histological damage since there are lintations to their uses. Levels
may increase as a result of |eakage fromcells due to systemc effects other than
hepatic necrosis and in addition sone forms of hepatic injury do not produce
el evations in serumenzyne |evels (Zi merman, 1982).

Zi mrerman proposed the fol low ng classification for serumenzynes in
the detection of hepatic injury:

1. Those reflecting cholestatic alterations such as 5 Nucleotidase (5 NUC) and
Al kal i ne phosphatase (ALK PH).
2. Those reflecting cytotoxic injury subdivided as follows into those
a) that are nonspecific and can reflect extrahepatic damage, such as
aspartate amnotransferase (AST) and |actate dehydrogenase (LDH).
b) that are mainly in liver, such as alanine am notransferase (ALT).
c) that are exclusively in liver, such as sorbitol dehydrogenase (SDH).
The investigator states that the enzymes 5 Nuc, AST, LDH and ALT are the nost
useful for the detection of hepatic toxicity. They are sensitive to hepatic injury
and reach high concentrations in serumin response to parenchymal injury.

The transam nases are the nost w dely enployed and general |y
accepted serum neasure of hepatic injury despite equal or greater
hepat ospecificity of several other enzynes released to blood as a result of

hepatic injury. They are easily measured and have high degree of sensitivity to
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acute hepatic injury which accounts for the general dependence on the
transam nases as a means of detecting toxic liver injury. AST, a cytosolic
enzyme is found in several tissues besides liver, including nuscle, myocardia
and ki dney whereas ALT occurs mainly or al most exclusively in the |iver
(Zimrerman, 1982). In virtually all manmalian species, AST is a sensitive
neasure of acute hepatic necrosis when acconpanied by the el evation of other
liver specific enzymes (Zi mmerman, 1982). Plaa and Hewitt (1982) note that
ALT shows a very good correlation between serumlevels and severity of
hi stol ogi cal |esion since agents that produce severe necrotic |esions also
produce pronounced ALT el evation. Thus, ALT allows detection of the
presence of liver injury in addition to an estimation of the severity of the |esion
by the degree of ALT elevation.

SDH, |ike AST, is a cytoplasmc enzyne and is relatively specific for
hepat ocel | ul ar damage (Plaa and Hewitt, 1982). In several studies, elevation of
SDH has been detected before other enzymes, thus it appears to be one of the
most sensitive enzymatic indexes when danmage is mnimal; however, it
appears to he less sensitive than histopathol ogical evaluation (Plaa and Hewitt,
1982).

LDHis widely distributed in mammalian tissue with the myocardium
ki dney, liver, and nmuscle being especially rich. It is ubiquitous and it can be
released fromerythrocytes with henolysis; thus, it is highly variable in response
to a variety of conditions (Tyson et al., 1985). Total serumenzyme activity of
LDH may not be as useful as Isozyne anal ysis because changes in the
i sozymes may go undetected. Mre specificity can be achieved but it does
require specific equipnent and a nore conplex analysis (Mtoma, 1985). LDH
I soenzynmes have been used in the evaluation of organ damage and are

specific to liver and kidney tissue thus providing the benefit of differentiation of
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organ damage (Plaa and Hewitt, 1982). LDHo is found in rats with liver Injury
and LDHL and 2 are found in rats with renal damage (Plaa and Hewitt, 1982).

Gopinath et al. (1980) reported on the usefulness of hile acid clearance
and serumbile acid concentrations in rats with acute Iiver injury for detection of
biliary tract proliferation or obstruction. 5 NUCis another useful indicator of
obstructive liver injury as it is localized in the membranes of the hepatocyte and
bile ductular cells (Plaa and Hewitt, 1982). A kaline phosphatase i s found in the
ki dney cortex, intestinal nucosa, bone, placenta and the |iver which contains
relatively littlein a variety of species including rats (Dooley, 1982).

Chemical s that are hepatotoxic can alter the activity of the hepatic nixed
function oxidase system thereby changing the rate at which xenobiotics are
met abol i zed (Plaa and Hewitt, 1982). P450 plays a central role In drug
oxidation and thus serves as the binding site for several chemcals that are
oxidized in the liver to reactive metabolites (Plaa and Hewitt, 1982) including
CHCI 3 (Brady et al., 1989) and TCE (Mslen, et al., 1990). The term nal
oxi dase of the mxed function oxidase system cytochrome P-450, is particularly
susceptible to damage and depletion and is an increasingly popular index of
damage to the endoplasmic reticulum(Plaa and Hewitt, 1982).

Finally, the measurement of urea, cholesterol, plasma protein and blood
gl ucose have heen found to be insensitive and nonspecific in the monitoring of
hepatic injury (Z mrerman, 1982).

I ndi cators of Renal Danage
Hi stol ogi cal exam nation of the kidney has been considered a usefu
method for detecting chemcally induced renal damage and is inportant in
determning the site of damage (Chata et al., 1987). Renal pathol ogical |esions
caused by chemcal or biological agents primarily result in nephrosis
enconpassing a range of changes fromcell swelling to overt necrosis and
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desquamation of tubule cells (Tyson et al., 1985). Seventy-five percent of the
water the kidney filters is reabsorbed in the proximal convoluted tubule of the
nephron and consequently is found to be particularly vulnerable (Price, 1982).
The resulting concentration of the remaining fluid, coupled with the high blood
flowthru the kidney (25% cardiac output) makes it particularly vulnerable to
toxic attack (Price, 1982).

Two of the nmore commonly used serumindicators for renal injury in
animal toxicity studies are BUN and creatinine. Increases in BUN
concentrations can result fromany damage to the nephron whether the Iesion
occurs in the glomeruli or tubules or whether it affects renal blood supply and
thus indirectly the glomerular filtration rate (Tyson et al., 1985) BUN provides
no insight into site or nature of the lesion and is generally considered to be a
relatively insensitive mrker for renal injury (Tyson et al., 1985). Berndt (1976)
noted that measurenents of BUN are commonly used to assess gl omerul ar
function. BUN increases as filtration slows or ceases. Serumcreatinine is
derived fromcreatinine in skeletal nuscle and is excreted by the kidneys mainly
by glomerular filtration Serumcreatinine values do not increase significantly in
renal disease until kidney function is considerably inpaired such as severe
toxic nephrosis (Tyson et al., 1985). Plasma creatinine |evels parallel those of
BUN and are frequently used as a marker for glomerular filtration for acute rena
failure due to xenobiotic-induced damage as well as chronic failure (Berndt,
1976) .

Chata et al. (1987) noted that increases in urinary enzyne excretion
precedes other comon indicators of nephrotoxicity including the increase in
urinary protein, the decrease in creatinine clearance, the elevation of serum
creatinine and blood urea nitrogen (BUN and that the increase in urinary

excretion of enzymes correlate well with the onset of histological changes in
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renal damage caused by several nephrotoxic agents. Conpared to serum
enzymes, urinary indicators in general have received little attention as
di agnostic indicators (Price, 1982). The principal reason for the slow
devel opnent is the difficulty involved with assays of enzymes in a fluid which
varies in volune, conposition and which is a hostile environnent for many
enzymes (Price, 1982).

The principal source of urinary enzymes is the kidney while the bl adder
and urogenital tract contribute conparatively little (Price, 1982). Uinary
enzynes have been used in nephrotoxicity studies as noninvasive tests for
renal damage and el ucidation of the primary site of damage al ong the nephron
In addition, as excretion is dose related they can be used to assess the
nephrotoxicity of xenobiotics (Price, 1982). Urinary enzynes are nost val uable
during the early acute stages of renal disease but also can provide information
on the rate of recovery (Price, 1982). Periodic determnation by urinalysis is
required because the increases are transient (Chata et al., 1987). Wen an
enzyne i s chosen as a diagnostic indicator, its subcellular and regional |ocation
shoul d be known, it should be stable in urine and maintain activity under
storage conditions for a reasonable time at 40 (Price, 1982). In addition,
control levels of enzymes in normal serumand urine should be known.

Typically, urine is collected fromanimals housed in netabolism cages
and shoul d be coll ected over ice. The sanples should be filtered or centrifuged
to remove hair, debris, fecal and food contamination because of the presence of
enzynes in gut flora and commercial food pellets (Price, 1982). Most
inportantly urinary enzyne and constituent anal ysis shoul d be done on
sanples collected over a finite period of time and related to urinary creatinine to
reduce intra- and inter-individual variability (Tyson et al., 1985).

[t is inportant to be aware of conditions that may affect results such as
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col lection and sanpling site for serumenzyne analysis (Neptun et a!., 1985)
and collection conditions for urine enzyme analysis. The routine use of
urinalysis in rodent studies for the assessnent of kidney function continues to
be limted by a need to inprove collection methods and handling (Tyson et al.
1985; Sey eta!., 1991).

It is known that there are changes in cortical and medul | ary netabolism
whi ch suggests the differentiation of enzymes al ong the nephron (CGuder and
Ross, 1984); however, no enzyme has proven to be entirely specific to a
particular region (Price, 1982). AST activity is greatest in the ascending |inb
and distal convoluted tubule with considerable activity also present in the
proxi mal tubule. AST, a mtochondrial enzyme is found in the cytosol and
follows the mtochondrial density along the nephron (Quder and Ross, 1984).
M tochondria are unevenly distributed along the nephron with the greatest
density in the thick ascending |inb of the loop of Henle and the proxina
convoluted tubule (Guder and Ross, 1984). ALT is present in all structures in
relatively small amounts except the proximal straight tubule where it is nuch
hi gher and exceeds that of AST (CGuder and Ross, 1984).

ALK PH and 5 NUC are brush border enzymes in the proxinal tubule.
Their role is not well understood; it seens to be similar to that of intestinal brush
border hydrol ases, nanely to split peptides polysaccharides and ot her
mol ecul es into reabsorbable fragments. Activity increases towards the end of
the proximl tubule (Guder and Ross, 1984). In addition, LDH is associated
with the brush border of the proximal tubular cells (Guder and Ross, 1984).
Elevation in LDH isoenzymes in the rat kidney are useful for determning rena
damage at an early stage. The distribution of isoenzymes is not honbgeneous
al ong the nephron allow ng selectively damaged regions to be differentiated

(Onat aetal ., 1987).
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In a study by Stonard et al. (1987) the urinary enzyne NAG anong
Gt hers was measured as an indicator of papillary damage. When damage
occurred, NAG was elevated; thus, it is a useful diagnostic enzymes for that
region (Price, 1982). Sustained increases in urine volume and NAG activity
suggest a defect in concentrating ability and therefore also indicative of
papi | | ary damage (Price, 1982).

Measur ement of nonenzymatic urinary indicators such as tota
protein, glucose, pH albumn and osnolality can prove useful information in
assessing the functional, as opposed to biochemcal, state of the kidney (Price,
1982). Urine volune is used to indicate changes in kidney |oad and function
In acute renal malfunction, urine volume is either normal or reduced (oliguria)
and many well known chem cals such as CCl4 can produce this effect.
Frequently however, the initial oliguria my be superceded by a diuretic phase
(Tyson et al., 1985). Uine volunme, specific gravity and color are somewhat
i nterdependent in that as volume increases color is paler and specific gravity
decreases (Tyson et al., 1985). In the assessnent of the toxicologica
significance of biochem cal changes, it is inportant to have sufficient
background data on normal ranges of values to be expected in the strain and
species used (Tyson et al., 1985). Also, controls should acconpany sanples
and |aboratory historical data can provide a good reference for normal ranges.

The use of urinary enzymes to nonitor glomerular function suffers two
di sadvantages. First there are few exanples of enzymes which are specific
markers for glonmeruli. Second, glomerular damage allows the passage of
normal 'y excluded plasnma enzynes into the tubular fluid which, if not
reabsorbed, appear in the urine (Price, 1982). The nmeasurement of urinary

excretion of proteins is, however, a useful procedure for the assessment of the

glonerular integrity. The selective perneability of the glomerular menbrane is
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an inportant aspect of normal renal function. Wen the selective perneability is

decreased, a common occurrence in renal failure, excessive anounts of plasma
proteins are excreted (Berndt, 1976). The first proteins to |eak through the
glomerulus are al bunmin and al pha-globulin fol | owed by other serum proteins as
the damage increases (Tyson et al., 1985), Not all proteinurias should be
interpreted as evidence of glomerular dysfunction, although any tine an
experinental animal excretes increased anmounts of protein in urine, glomerular
dysfunction i s suspected (Berndt, 1976). In addition, increased protein could
be due to failure of tubular reabsorption and not gl omerul ar danage. The
differentiation of glonmerular fromtubular proteinuria my be acconplished by
separation of high and | ow nol ecul ar weight proteins by gel filtration (Tyson et
al., 1985).

Changes in urinary pH can al so be nonspecific reflecting adaption to
nonrenal physiol ogi c abnormalities. Exposure of urine to air for extended
periods of tine can render pH measurements usel ess (Tyson et al., 1985).
Consequent |y, care should be taken in the nmeasurenent and interpretation of
urine pH It has been noted that nephrotoxic agents reduce the aninmal's ability
to concentrate urine, changes in urine osmolality occur early but osmolality is
not nephro-specific and usually occurs as a prelude to other events (Berndt,
1976) .

The ki dney contains the highest activities of enzymes involved with GSH
synthesi s and degradation, all nephron cells studied contain mllinmolar
concentration of GSH with highest levels in the proximal straight tubule (Guder
and Ross, 1984). Thus the proximal tubule is thought to be the site of GSH
l'inked reactions. Cytochrome P-450 is also nmost prevalent in the proxim
straight tubule. Thus the coincidence of enzymes and cofactors together with

enzynes of GSH metabolism points to the proximl tubule as an inportant site
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of renal drug metabolism (Quder and Ross, 1984).
Il Mat eri al s and Met hods

Ani mal s

Mal e Fischer-344 rats (Charles River Laboratories, Raleigh, NC), 62-65
days ol d on arrival were housed 2/cage in polyethyl ene shoebox cages with
heat-treated pine-shavings as bedding. Two days later rats were noved to
i ndividual plastic Nal gene netabolismcages (Nal gene Corp., Rochester, NY)

for the duration of the experiment including a 3 day acclimtion period prior to

chem cal treatnent.

Tap water and feed (Rodent Chow no. F0165 Bi oServ, Results Brand,
Frenchtown NJ) were provided ad [ibitum Animals were maintained under
conditions of controlled tenperature of 22 +/- 2" C relative humdity of 50 +-
10% and a 12 hour light-dark cycle with light from0600 to 1800. Feed and
wat er consunption and body weight were monitored daily. At the end of the 3
day acclimtion period, rats were assigned by body weight to one of 12
treat ment groups.

Dosi ng

The treatment groups included dosages of 0, 0.5 or 1.0 m CHCl 3/kg, 0 or
1.0 m TCE kg or their factorial conmbinations in either corn oil or aqueous
vehicle. The solutions were administered at a constant volune of 10 nm/kg for
both the oil and aqueous vehicles. The individual chenmicals and their binary
conmbi nations were administered via a single oral gavage, CHCI3 (Al drich,
M | waukee, W, 99.8+% spectrophotonetric grade, Lot No. 04201CX) and TCE
(Aldrich, MIlwaukee, W, 99+% spectrophotonetric grade, Lot No. 00723AP)
were prepared in either corn oil (Sigm, St. Louis, MO, Lot No. 80H0835) or
10% Emul phor (GAF Corp., Linden, NJ, EL-620 Lot No. 3053) in deionized

wat er .
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Control animls received only corn oil or 10% Enul phor. One day prior
to dosing, Enul phor-620 and deionized water were heated separately to 40" C
A 10% sol ution of Emul phor was prepared by shaking the deionized water and
Enul phor vigorously and maintaining the solution at 40" C. Dosing sol utions
were prepared in crinp top vials, sealed and shaken then placed in the water
bath for 2 hours before being renoved, covered and |eft at roomtenperature
until the follow ng nmorning when animal s were dosed. Chemcals were
admnistered in a constant volume of 10 m/kg by oral gavage with 20-gauge,
2.5 inch ball-tipped gavage needles attached to a 3.0 m disposabl e syringe.
Control animals received vehicles in the sane vol une.

Safety Precautions

Al'l dosing solutions were made under the ventilated hood in the
| aboratory. During animal dosing, personnel were required to wear respirators
with cartridges for removing organic vapors in addition to protective |ab coats
and gl oves. Dosing was perforned in an ani mal room under negative pressure
ventilation which is restricted for VOC studies.

Experi mental Design

Twenty-four hours post exposure, rats were tail bled. Blood was col | ected
using serum separator tubes (M crotainer, Becton-Dickinson, Lincoln Park, NJ
Lot No. 1A671) held on ice for 30 minutes then centrifuged at 17,000 x g for 4
mnutes. Serumwas collected and frozen at -80" Cuntil analyzed. At 48 hours
rats were weighed then anesthetized wth sodi um pentobarbital (Nenbutal,
Abbot Lab., Chicago, Il1), injected at 50 ng/kg ip. They were bled through the
abdom nal aorta using serum separator tubes (Becton-Dickinson, Lincoln Park,
NJ). The bl ood was held on ice for 30 mnutes then centrifuged at 1000 x g for
30 mnutes. Serumwas col lected and frozen at -80" C until analyzed.
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Uine Cinical Chemstry

Animal s were housed in stainless-steel wire-bottomed plastic Nal gene
met abol i sm cages (Nal gene Corp., Rochester, NY) with a separating funnel
bel ow to separate feces and allow urine to run down into a collecting tube.
Refrigerant ice packs (Polyform Packer Corp., \Weeler, IL) surrounded the
col lection tube to keep the sanples cold. A baseline urine sanple was
col lected for 12 hours prior to dosing in addition to collection from0 to 6 hours,
6 to 12 hours, 12 to 24 hours 24 to 36 hours and 36 to 48 hours post gavage.
Sanples were centrifuged at 800 x g for 10 mnutes at 40c then poured into
cl ean tubes.

OGsnol ality, pH and vol une were neasured imediately follow ng urine
col lection. Remaining urine sanples were held at 40C and within 24 hours of
the urine collection, urine chemstry profiles were determned by autonated
procedures using a Centrifichem500 centrifugal analyzer (Baker Instruments
Co., Allentown, PA) and appropriate reagent kits. Analysis inlcuded
determnation of activities of aspartate am notransferase (AST), alanine
am not ransferase (ALT), alkaline phosphatase (ALKPH) and | actate
dehydrogenase (LDH) and the concentrations of creatinine (CRE), urea
nitrogen (UN) and total protein. Remaining urine sanples were frozen at
-400C as is or in 10%glycerol (Sigm St Louis, MO, Lot No. 10H0549).

Serum Cinical Chemstry

Serum chem stry profiles were determned by aut omated procedures

using a Centrifichem500 centrifugal analyzer. Analysis included determ nation

of activities of aspartate am notransferase (AST), alanine ami notransferase

(ALT), al kaline phosphatase (ALKPH), |actate dehydrogenase (LDH), sorbitol
dehydrogenase (SDH), 5 nucleotidase (5 NUC) and the concentrations of
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creatinine (CRE), blood urea nitrogen (BUN), bile acids, triglycerides (TR G,
total billinjbin (TBILJ) on the 48 hour sanples and the determnation of ALT and

bile acids on the 24 hour sanples. Paraneters for the 24 hour sanples were
sel ected based on expected sensitivity fromprelimnary experimental data and
quantity of serumrequired for the analysis.
Hi st ol ogy

The liver and kidneys of each rat were excised, rinsed in physiologica
saline, blotted gently and weighed. Relative organ weights (ratio of organ
wei ght to sacrifice body weight) were calculated for each rat. Horizontal and
| ongi tudinal sections of the right and left kidney, respectively, and a sanple from
the left hepatic lobe of the liver were taken for open histopathol ogica
exam nation (Society of Toxicol ogic Pathol ogists, 1986; Prasse et al., 1986).
Ti ssue sections were fixed in 10% phosphat e-buffered formalin then
hemat oxyl i n- and eosin- stained. Hepatocellular degeneration and necrosis
were eval uated and graded separately for lobular location (centrilobular,
periportal, md-zonal) and severity according to the following criteria: none;
mnimal (one to several hepatocytes affected); mld (no more than one-fourth of
the hepatocytes in the affected zone involved); moderate (expansion of the
nunber of damaged hepatocytes up to one-half of the affected zone); and
marked (over one-half of the lobular architecture involved) (Simons et al.
1988). Kidney nephropathy was graded on a scale of increasing severity as
none, mnimal (scattered foci of tubular cell regeneration with affected tubules
having an increased nunber of cells with intense cytoplasmc and nucl ear
staining with up to 25%of the cortex affected); mld (increased extent and
number of regenerative foci, basenent menbranes surrounding regenerative
tubules and within glomeruli thickened, tubular protein casts with 25-50% of the

cortex affected); noderate (further increases in nunber and severity of
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regenerative foci, increased number of tubular protein casts, increased
gl omerul ar damage with adhesions between the gl omerular tuft and perietal
epithelial cytoplasmwth 50-75% of the cortex affected); and marked (diffuse
invol venent of cortex, "end-stage" kidney with sufficient inpairment to result in
ei ther secondary hyperparathyroidismor contribute to death).

Statistical Methods

Anal ysis of variance (ANOVA) (SAS Institute, Inc., 1989) was used to
assess the statistical significance of CHC 3, TCE and vehicle effects on serum
and urinary indicators of toxicity and organ and body weights. In all cases, 0.05
was the level of significance. A Bartlett's test was performed prior to analysis
to test for the assunption of hombgeneity of variance. The criterion of
significance for the hombscedasticity tests was p* 0.001 (Anderson and
MLean, 1974). If the assunption was not satisfied, a log scale transformation
was performed to correct for heterogeneity.

A four-way analysis of variance with the factors CHClI 3, TCE, vehicle and
experinent and their interactions was perforned on each variable. Experinent
was included as a blocking factor to remove variability due to the effect of
experinmental replication. In the mpjority of analyses of serumand urinary
indicators and organ and body wei ghts, at |east one interaction with vehicle
was significant. Therefore, it was necessary to performa three-way analysis of
variance with CHClI 3, TCE and experiment factors on the data for each vehicle

In the three-way anal yses of variance where CHCI 3 and TCE did not
interact significantly, a Ryan(1959 and 1969)- Ei not (1975)-Wel sh(1977) (REW
nul tiple conparison procedure was performed to assess the differences anong
CHCI 3 doses if that main effect was significant (p<0.05).

In the cases where CHCI3 and TCE interacted significantly, additiona

anal yses were performed. A two-way anal ysis of variance was done on the
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data at each level of CHCI3 to determne if the difference in TCE was significant.
Also, a two-way analysis of variance was done on the data at each |evel of TCE
to assess differences in CHC 3. In these last two analyses if the CHCO 3 effect
was significant, a REWnultiple conparison procedure was done to determne
whi ch dose |evels were different from each other.

The serumindicators LDH CRE, BUN, NUC and AST in addition to body
and organ wei ghts were single independent neasurenents whereas the bile
aci ds and ALT were repeated nmeasures at both 24 and 48 hours. All urinary
indicators were measured over 48 hours at a total of 6 tine intervals. These
repeated measures paraneters were treated separately at each tinme point and
consequent |y anal yzed using the same approach as the single neasure serum
i ndi cators.

A 5-way nultivariate analysis of variance for repeated measures with the
factors CHCI3, TCE, vehicle, tinme, experinent and their interactions was
performed on both ALT and bile acids which were nmeasured at 24 and 48
hours. Experinment was included as a blocking factor to remove variability due to
the effect of experimental replication. Vehicle interactions were significant;

therefore, it was necessary to performa three-way analysis of variance to

exam ne the effects of tine on each conmbinati on of CHCI3 and TCE for each

vehicl e.
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V. Resul ts

Acut e Hepatic Response
Chl orof orm Toxicity

The admnistration of 0.5 and 1.0 m CHCI 3/kg al one in corn oil produced
a significant decrease, conpared to controls, in animl body weight 48 hours
post dosing (Figure 3). Consequently relative liver weight (Iiver weight/body
wei ght) was assessed rather than absolute |iver weight. In both the 0.5 and 1.0
m CHCl 3/ kg dosage groups there was a significant elevation in relative |iver
wei ght over the control animals (Figure 5). The administration of 0.5 and 1.0 n
CHCI 3/ kg in the aqueous vehicle produced a significant decrease in body
wei ght at 48 hours with 1.0 nl causing a significant decrease over 0.5 n
CHCI 3/ kg (Figure 4). Relative liver weight, in the aqueous group, was
significantly decreased by 1.0 m CHCI 3/kg (Figure 6).

Serum enzyme indicators used for the detection of hepatic danage
i ncluded LDH, AST and 5' Nuc which were measured at 48 hours post dosing.
Additionally, ALT and bile acids were measured at both 24 and 48 hours post
dosing in order to assess the effect of time on the observed toxicity. LDH and 5
Nuc were significantly elevated at 48 hours when 0.5 and 1.0 m CHC 3/ kg
alone were admnistered in oil (Figures 7 and 11). AST enzyme |evels were
al so significantly elevated over the control group at 0.5 and 1.0 m CHC 3/kg in
oil with 0.5 m CHC 3/kg causing significantly greater elevations of AST than
1.0 mM CHCI3/kg (Figure 9). Wien admnistered in the aqueous vehicle,
significant elevations in LDH and AST resulted fromthe 1.0 m CHC 3/ kg
dosage only (Figures 8 and 10). No significant differences in 5 Nuc were

observed fol | owing admnistration of CHCI3 in the aqueous vehicle (Figure 12).
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At 24 hours, ALT was significantly elevated over the control group by 0.5
and 1.0 M CHCI3/kg alone in oil (Figures 13 and 14). Simlarly, at 48 hours,
ALT was significantly elevated by both 0.5 and 1.0 M CHC3/kg in oil with 0.5
m CHCl 3/kg causing significantly greater levels of ALT than 1.0 m CHC 3/kg
(Figures 13 and 14). In the aqueous vehicle, both 0.5 and 1.0 m CHC 3/ kg
al one, conpared to the controls, caused significantly greater levels of ALT at 24
hours (Figures 15 and 16). At 48 hours, 1.0 m CHCI 3/kg produced a significant
el evation over controls (Figure 16). Bile acids were significantly elevated by 0.5
and 1.0 n CHCI 3/ kg at both 24 and 48 hours when admnistered in oil
Conversely, in the agueous vehicle, CHCI3 caused no significant elevations in
bile acids at either time (Figures 17 - 20)

Trichl oroet hyl ene Toxicity

The admi nistration of 1m TCE kg al one caused no significant changes in
body weight in either oil or aqueous solutions (Figures 3 and 4). Relative liver
wei ght was significantly elevated over controls in those groups receiving TCE
alone inoil (Figure 5). However, TCE had no effect on relative liver weight
fol lowing admnistration in the aqueous vehicle (Figure 6)

Level s of LDH, AST and 5 Nuc were not altered by 1.0 m TCE kg al one
ineither oil or aqueous vehicle when conpared to the control group (Figures 7-
12). No significant differences in ALT levels at 24 and 48 hours were observed
followng admnistration of 1.0 mM TCE kg al one in either vehicle when
conpared to the control group (Figures 13-16). Bile acids showed no
significant differences at 24 or 48 hours relative to controls when 1.0 m TCE kg
was administered in the aqueous vehicle (Figures 19 and 20) or at 24 hours in
the oil vehicle (Figures 17 and 18). However, 1.0 mi TCE/ kg al one caused a
significant elevation over the controls at 48 hours in the oil vehicle (Figures 17

and 18). In addition, both 0.5 and 1.0 M TCE kg at 48 hours were significantly
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el evated conpared to the 24 hour values when the conpound was

adm ni stered in the aqueous vehicle only (Figures 19-20).

Vehi cl e Effects

Direct vehicle conparisons were performed on the levels of ALT and bile
acids at 24 and 48 hours fol l owing admnistration of CHCI3 alone in oil and
aqueous vehicles. At 24 hours, ALT levels as a result of 1.0 m CHCI 3/kg were
significantly different in the two vehicles with oil causing higher elevations.
(Figure 21). At 48 hours, ALT was significantly greater when CHCl 3 was
admnistered in the oil than in the aqueous vehicle at both 0.5 and 1.0 m
CHCI 3/ kg (Figure 22). Significant vehicle differences were observed in bile
acids at 24 hours with 0.5 m CHCI3/kg in oil causing greater toxicity (Figure
23). At 48 hours both 0.5 and 1.0 m CHCI 3/ kg admi nistered in oil produced
significantly greater levels of bile acids than aqueous vehicle admnistration
(Figure 24).

Differences in vehicle effects were examned indirectly in the additional
serum enzymes by examning the ratio of the response in oil to the response in
aqueous admnistration. Ol to aqueous ratios for LDH AST and 5' Nuc are
presented in Table 2. Overall, the oil/aqueous ratios for AST and LDH show
greater elevation in these enzymes by all dose groups administered in the oil
vehicle. CHC 3 alone resulted in significant increases when conpared to
controls in 5 Nuc when administered in oil but not when admnistered in the
aqueous vehicle (Figures 11 and 12). At 0.5 m CHCI3/kg oi |l gavage resulted
in LDH levels more than 40-fold greater than aqueous gavage. At 1.0 m
CHCI 3/ kg in oil, LDH was elevated by alnost 18-fold relative to aqueous.
Simlarly AST was el evated nore than 110-fold when 0.5 m CHCl 3 was
adm ni stered, and 26-fold when 1.0 m CHCl 3/ kg was administered, in oil
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conpared to aqueous. TCE al one produced al most a 4-fold el evation in LDH
when administered in oil than aqueous; however, vehicle differences were not
apparent in AST and 5 Nuc levels when 1.0 m TCE was admnistered in either
vehicle. Vehicle effects were not as great when CHCI3 is administered in the
presence of TCE, however, LDH and AST were elevated by CHCI3 in the
presence of TCE in the oil conpared to the aqueous vehicle.

Interactions of Chloroformand Trichl oroethyl ene

VWhen both CHCI 3 and TCE were adm nistered there were no significant
differences fromcontrol animals in body weight at either concentration of
CHCI 3 or in either vehicle (Figures 3 and 4). Similarly with relative liver weight,
when both chem cals were adnministered in either oil or aqueous vehicles no
differences fromcontrols were observed (Figures 5 and 6).

Serum | evel s of LDH, AST and 5 Nuc were significantly decreased when
both CHCI 3 and TCE were admi nistered in oil relative to CHCI3 alone in oil.
This occurred at both 0.5 and 1.0 m CHCI 3/ kg (Figures 7, 9 and 11). In the
aqueous vehicle, LDH AST and 5 Nuc levels follow ng both CHCI3 and TCE
admnistration were not significantly different from CHC 3 alone (Figures 8, 10
and 12).

ALT levels at 24 hours were significantly |ower in the groups receiving
both CHCI3 and TCE in oil than CHCI3 alone in oil. This was observed in both
the 0.5 and 1.0 M CHCI 3/ kg dosage groups (Figures 13 and 14). At 48 hours,
0.5 m CHCI3/kg plus TCE in oil produced a significant decrease in ALT levels
relative to CHCI3 alone in oil. Wen admnistered in the aqueous vehicle, both
0.5 and 1.0 m CHC 3/ kg plus TCE significantly decreased ALT |evels at both
24 and 48 hours conpared to CHCI 3 al one (Figures 15 and 16).

Inoil, 0.5 mM CHC3/kg plus TCE caused a significant decrease in hile

acids at both 24 and 48 hours relative to CHCI3 alone. Administration of 1.0 ni
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CHCI 3/ kg plus TCE produced a significant decrease at 48 hours conpared to
CHCI 3 al one. Al'though not statistically significant, the trend of decreased
toxicity was al so observed at 24 hours (Figures 17 and 18). In the aqueous
vehicle, a simlar trend was apparent although none of the changes were
significant (Figures 19 and 20).

H st opat hol ogi cal Results

Wen CHCI 3 al one was administered in oil, the histopathol ogica
exam nation at 48 hours revealed that 0.5 m CHC 3/ kg caused m|d (4/6) and
noderate (1/6) centrilobular hepatic necrosis. Inoil, 1.0 m CHCO 3/ kg caused
mld (6/6) centrilobular hepatic necrosis. In contrast, both 0.5 and 1.0 m
CHCI 3/ kg adm ni stered in the aqueous vehicle produced no observabl e hepatic
necrosis (Table 5).

Inoil, 0.5m CHCO3 caused mld (1/6), noderate (3/6) and marked (2/6)
centrilobul ar vacuol ar degeneration and 1.0 m CHCl 3/ kg caused noderate
(3/6) and marked (3/6) danage. Wen adnministered in the aqueous vehicle,
0.5 m CHC 3/ kg caused m nimal (5/6) vacuol ar degeneration and 1.0 ni
CHCI 3/ kg caused minimal (4/5) and mld (1/5) damage (Table 6). TCE al one
did not produce any hepatic necrosis or vacuol ar degeneration in either vehicle
(Tables 5 and 6).

When ani mal s received oil admnistration of the chemcals, an apparent
reduction in lesion severity was observed in the dose groups receiving both
CHCI 3 and TCE when conpared to the CHCI 3 al one dose group. \WWen 0.5 ni
CHCI3/kg is admnistered in oil in the presence of TCE no (3/6) and m ni nal
(3/6) |esions were observed whereas in the absence of TCE, mld (4/6) and
noderate (1/6) hepatic necrotic |esions were observed. Exposure to 1.0
CHCI 3/ kg in the presence of TCE produced mnimal (6/6) |esions whereas in

the absence of TCE, mld (6/6) necrotic |esions were observed (Table 5).
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In the presence of TCE, 0.5 m CHCI 3/kg in oil produced |esions ranging
formmniml to noderate whereas in the absence of TCE, mld to marked
centrilobul ar vacuol ar degeneration was observed. In the presence of TCE
1.0m CHA3/kg in oil produced mld (3/6) and noderate (3/6) |esions whereas
in the absence of TCE, moderate (3/6) and marked (3/6) |esions were observed
(Table 6). Centrilobular necrosis and vacuol ar degeneration caused by the
aqueous admnistration of all dose groups is |ess severe with no apparent
observabl e interaction of CHCI3 and TCE (Tables 5 and 6).

In all dose groups, the vehicle effect is apparent. CHCI3, both in the
absence and presence of TCE appears to produce nore severe centrilobul ar
necrosis and vacuol ar degeneration when admnistered In the oil than aqueous
vehicle. This is most apparent in the observed hepatocel | ul ar necrosis where
mnimal, mld and nmoderate |esions were observable when the chemcals were

adm nistered in oil whereas no necrosis was observed when chem cal s were

admnistered in the agueous vehicle (Tables 5 and 6).

B. Acute Renal Response
Chloroform Toxicity

When CHCI 3 al one was adnministered in the oil vehicle, both 0.5 and 1.0
m/kg resulted in significant increases in relative kidney weight over the contro
group (Figure 25). Wen CHCI 3 al one was adm nistered in the aqueous
vehicle, only 1.0 m CHC3/kg resulted in a significant elevation in relative
ki dney wei ght (Figure 26)

Serumindicators used for the detection of renal damage included BUN
and CRE which were neasured at 48 hours. Both CRE and BUN were
significantly elevated by the 0.5 and 1.0 mM CHCl 3/ kg dosage when

admnistered in the oil vehicle (Figures 27 and 29). In the aqueous vehicle
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BUN was significantly elevated only by the 1.0 m CHC 3/ kg dosage (Figure 28)
while CRE levels were not elevated at either CHCI 3 dosage (Figure 30).

Due to the investigative nature of this study a nunber of urinary enzynes
and indicators of renal damage were neasured, including urinary AST, ALT
and LDH as well as urea nitrogen (UN), urinary creatinine (UCRE), total protein
(TPR) and osnol ality plus urine volume and pH

Each of these parameters was neasured in a baseline sanple in
addition to 6, 12, 24, 36 and 48 hours post dosing. As a first step in detern ning
the significant differences between dosing groups, an initial analysis of variance
was perfornmed to determne if there was any significant effect due to the vehicle
of admnistration. In order to reduce the nunber of analyses conducted, if
vehicle was not significant, further analysis was done w thout distinguishing
bet ween vehicles, giving an effective N of 12/group. In those cases where
vehicle was a significant factor, dose groups were separated by vehicle before
proceeding with analysis (N=6/group). Consequently, in reporting the results, if
no vehicle distinction is made, it can be assumed that any findings apply to
both vehicles conbined, otherwi se, vehicle differences will be discussed.

AST was significantly elevated by 0.5 and 1.0 mM CHCI 3/ kg al one
adm nistered in both oil and aqueous vehicles at 36 and 48 hours post dosing
(Figures 31 and 32). ALT was significantly elevated at 36 and 48 hours (vehicle
conbi ned) by both-0.5 and 1.0 mi CHCl 3/ kg al one (Figures 33 and 34). LDH
was significantly elevated over control values at 24 hours in both vehicles, 36
hours (vehicle conbined) and 48 hours in both vehicles by 0.5 and 1.0 ni
CHCI 3 (Figures 35 and 36).

UCRE (Figures 37 and 38) was significantly decreased by 0.5 n
CHCI 3/ kg al one (vehicle conbined) at 6 hours. At 12 hours in both oil and

aqueous vehicles, both 0.5 and 1.0 ml CHCl 3/ kg caused a decrease conpared
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to the control group. At 24, 36 and 48 hours both 0.5 and 1.0 ml CHCl 3/kg
decreased the UCRE | evel as conpared to the control values (vehicle
combi ned) .

UN (Figures 39 and 40) was significantly elevated at 6 hours by the 1.0
m CHCl 3/ kg dose (vehicle conmbined). At 12 hours, both 0.5 and 1.0 m
CHCI 3/ kg caused an elevation in UN when admi nistered in oil whereas in
aqueous vehicle only 1.0 mM CHCI 3/ kg el evated the UN | evel significantly above
control. At 24 hours, oil admnistration of 1.0 m CHC3/kg caused a significant
el evation of UN while aqueous adm nistration of 0.5 m CHCl 3/ kg caused a
significant decrease. At 36 hours, 1.0 m CHCI3/kg in both oil and aqueous
vehi cl es produced a significant elevation

TPR (Figures 41 and 42) increased at 36 and 48 hours in the dose

groups receiving 0.5 and 1.0 m CHCI 3/ kg alone in oil. At 48 hours 0.5 m
CHCI 3/ kg resulted in significantly greater TPR than 1.0 m CHC 3/kg. Wen
admnistered in the aqueous vehicle, 0.5 m CHCl 3/kg caused a significant
decrease at 24 hours in TPR when conpared to controls. At 36 and 48 hours
1.0 m CHC 3/kg in aqueous vehicle produced a significant elevation

The osmolality (Figures 43 and 44) was decreased by 0.5 and 1.0 m
CHCI 3/ kg al one at 24 and 36 hours (vehicle conbined) and at 48 hours in both
vehicles. In addition, in the aqueous vehicle, decreases occurred at 12 hours in
the 0.5 and 1.0 m CHCl 3/ kg dosage groups. Urine volume (Figures 45 and 46)
was significantly increased by 0.5 and 1.0 m CHCI 3/ kg al one at 6 hours when
CHCI 3 was administered in oil. Elevations occurred by 0.5 and 1.0 ni
CHCI 3/ kg at 12 and 24 hours (vehicle conbined). At 48 hours when 0.5 ni
CHCI 3/ kg was administered in an aqueous vehicle, a significant increase in
vol ume was observed. pH (Figures 47 and 48) was decreased at 24 hours by

0.5 and 1.0 m CHCl 3/kg al one administered in oil and aqueous vehicles.
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Additionally, simlar results were observed at 6, 36 and 48 hours in the vehicle
conbi ned anal ysi s.
Trichl oroethyl ene Toxicity
In both oil and aqueous vehicles, 1.0 m TCE kg resulted in significant

increases in relative kidney weight (Figures 25 and 26). No differences in CRE

and BUN were observed at 48 hours in either vehicle when TCE al one was
adm nistered relative to control (Figures 27-30). Administration of 1.0 m
TCE/ kg alone in either vehicle did not alter the enzyme |evels of AST or ALT at
any time (Figures 31-34). LDH was unaffected by TCE when adm nistered in
oil; however, a significant elevation occurred at 24 hours when TCE al one was
administered in the aqueous vehicle (Figure 36).

Administration of 1.0 M TCE kg al one caused mininal or no response in
the urinary indicators at each time point when conpared to the control group.
The follow ng are the indicators which were significantly altered by TCE
adm nistration: UCRE at 12 hours when TCE was adm nistered in aqueous
vehicle (Figure 38); TPR at 36 and 48 hours when TCE was administered in an
oil vehicle (Figure 41); osmolality at 12 hours when TCE was administered in
aqueous vehicle (Figure 44); and, pH at 6 and 24 hours when TCE was
administered in an aqueous vehicle (Figure 48).

Vehi cl e Conpari sons

No direct vehicle conparisons were made on the indicators of rena
damage; however, oil/aqueous ratios of urinary enzymes AST and LDH are
presented in Tables 3 and 4, respectively. The urine data were variable, evenin
the control values; consequently, the following is a discussion of the ratios
obt ai ned; however, the investigator feels that vehicle effects as observed in the
urinary enzymes are very weak. At 24 hours, LDH was el evated nore than 2-

fold in the agueous vehicle when conpared to the oil admnistration of 0.5 and
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1.0 M CHCI 3/ kg alone. At 36 hours however, the vehicle effect was reversed
with 0.5 m CHCI3/kg alone resulted in alnost a 2-fold el evation in LDH when
admnistered in oil. The response of LDH at 36 hours to 1.0 m CHCI 3 al one did
not appear to be affected by vehicle. At 48 hours, 0.5 m caused a 4-fold
elevation and 1.0 m CHCI 3/kg resulted in a 1.3-fold elevation in LDH when
admnistered in oil vs aqueous vehicle. Levels of LDH did not appear to be
greatly affected by vehicle when TCE was admi ni stered. The interaction of
CHCI 3 and TCE resulted in slightly higher elevations when admnistered in oi
vs aqueous vehicles at 36 hours and 48 hours when 0.5 and 1.0 m CHCl 3/ kg
were adm ni stered. Conversely, at 24 hours the aqueous vehicle produced a
greater elevation in LDH fromexposure to 0.5 and 1.0 mi CHCI3 in the
presence of TCE

AST was elevated by 0.5 and 1.0 m CHCl 3/ kg al one by al nost 3-fold
when admi nistered in aqueous conpared to oil at 24 hours. In contrast, 0.5 and
1.0 M CHCI3/kg el evated AST at both 36 and 48 hours by 1.3 to 4.5-fold when
admnistered in the oil vehicle. TCE al one appeared to elevate AST at 24, 36
and 48 hours when adnministered in the oil conpared to the aqueous vehicle
(Table 3). At 24 and 36 hours, 0.5 m CHCI3/kg plus TCE in either vehicle
caused a simlar response in AST whereas 1.0 ml in oil in the presence of TCE
el evated AST by nore than 2-fold. At 48 hours, the admnistration of 0.5 n
CHCI 3 in the presence of TCE resulted in a 2-fold elevation in AST when
adm nistered in the aqueous vehicle, whereas 1.0 nl CHCI 3 plus TCE
produced a greater than 4-fold elevation, occurring when the chemcals were
admnistered in oil (Table 3).

Interactions of Chloroformand Trichloroethyl ene

In the presence of TCE, 0.5 m CHCI3 in oil significantly increased

relative kidney weight when conpared to controls; however, 0.5 m CHO3/kg in
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oil in the absence of TCE caused a significantly greater increase when
compared to CHCI S plus TCE (Figure 25). In the presence of TCE, BUN was

elevated following 1.0 m CHCO3/kg in oil; however, this was not significantly
different from1.0 M CHC 3 in the absence of TCE (Figure 27). In contrast,
when CHCI S was administered in oil in the absence of TCE, both 0.5 and 1.0 m
CHCI 3/kg were significantly elevated relative to controls (Figure 27). CHC 3, in
the presence of TCE, did not elevate BUN relative to controls when
adm nistered in the aqueous vehicle; however, 1.0 mM CHCI 3/kg in the absence
of TCE elevated BUN significantly relative to controls (Figure 28).

Wien adm nistered in oil in the presence of TCE, no significant
elevations in CRE resulted from0.5 m CHCI 3/ kg when conpared to controls. In
contrast, in the absence of TCE, 0.5 m CHCI 3/kg significantly elevated CRE
relative to controls. In addition, the CRE concentration resulting fromCHCI3 in
the presence of TCE was significantly less than the CRE concentration resulting
fromCHCI 3 in the absence of TCE (Figure 29). In the presence of TCE, CRE
was significantly elevated by 1.0 mM CHCI3/kg in oil relative to controls;
however, this was not significantly different from1.0 M CHC 3 in the absence of
TCE (Figure 29). The aqueous admnistration of CHCI3 either in the presence
or absence of TCE had no significant effect on CRE (Figure 30).

In the presence of TCE, AST was elevated by 1.0 M CHCI3/kg in oil at 48
hours when conpared to controls. At 36 hours in both oil and aqueous vehicles
and at 48 hours in oil vehicle, AST levels resulting from0.5 and 1.0 m
CHCI 3/kg in the presence of TCE were significantly decreased relative to
CHCI S in the absence of TCE. Simlarly at 48 hours in the aqueous vehicle,
ALT levels followng 1.0 m CHCO S/kg in the presence of TCE were significantly
decreased when conpared to 1.0 m CHCI 3/ kg in the absence of TCE (Figures
31 and 32).
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I'n vehicle conbined analysis, 0.5 and 1.0 m CHCI 3/kg in the presence of
TCE resulted in significantly decreased ALT at 36 hours when conpared to
CHCI3 in the absence of TCE . Although not statistically significant, simlar
trends were seen in ALT at 48 hours (Figures 33 and 34).

At 24 hours, 0.5 m CHCI3 in oil in the presence of TCE, resulted in
significantly lower LDH levels than 0.5 m CHCI3/kg in the absence of TCE At
36 hours (vehicle conmbined), in the presence of TCE, 0.5 and 1.0 m CHCL3/ kg
resulted in significantly | ower LDH | evel s when conpared to 0.5 and 1.0 ni
CHCI 3/ kg in the absence of TCE (Figures 35 and 36). At 48 hours,
admnistration of 0.5 and 1.0 m CHC3/kg in oil in the presence of TCE resulted
in significantly decreased LDH relative to CHCI3 in the absence of TCE At 48
hours, when CHCI3 in the presence of TCE was adm nistered in the aqueous
vehicle, no significant elevations in LDH were observed, whereas CHCI3 in the
absence of TCE produced significant increases in LDH (Figures 35 and 36).

At all time points, CHCI3 doses administered in the presence of TCE did
not produce a significantly different response fromcontrol values or CHO3 in
the absence of TCE in UCRE and vol ume in both vehicles and osnolality in oi
whereas in the absence of TCE, CHClI3 administration produced significant
differences fromthe control values in these parameters (Figures 37, 38, 43, 45
and 46).

In the presence of TCE, 0.5 and 1.0 m CHCI3/kg in oil produced a
significant elevation of UN over control values at 36 hours At 0.5 m CHCI3 in
the presence of TCE, a significantly greater elevation of UN occurred than in
t he absence of TCE. Wen adm nistered in the aqueous vehicle, 1.0 n
CHCI 3/ kg in the presence of TCE resulted in significantly lower |evels of UN at
36 hours when conpared to 1.0 m CHCI 3 in the absence of TCE (Figures 39
and 40).
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Total protein was significantly decreased at 12 hours by 1.0 m CHC 3/ kg
in the presence of TCE (vehicles conbined) when conpared to both the TCE
control (0.0 mM CHCI3/kg/1.0 M TCE kg) and 1.0 M CHCI 3 in the absence of
TCE. At 36 hours in both oil and aqueous vehicles and 48 hours in oil, in the
presence of TCE, both 0.5 and 1.0 m CHCl 3/ kg caused a significant decrease
in TPR conpared to the CHClI 3 doses alone. In contrast, 0.5 and 1.0 m
CHCl 3/ kg in the absence of TCE caused a significant elevation of TPR over
controls. At 36 hours, 0.5 and 1.0 m CHCI3/kg in oil, in the presence of TCE
significantly decreased TPR conpared to 1.0 m TCE/ kg al one. \Wen
adm nistered in the aqueous vehicle, 1.0 M CHCI3 in the presence of TCE
produced significantly lower TPR | evels than CHCI 3/kg in the absence of TCE
which resulted in significant elevations in TPR at 48 hours conpared to controls
(Figures 41 and 42).

Admnistration of 1.0 m CHCI3/kg in aqueous vehicle in the presence of
TCE, resulted in a significant increase in osmolality at 12 hours conpared to
CHCI 3 alone. In contrast, 1.0 mM CHCI3/kg in the aqueous vehicle, in the
absence of TCE, resulted in a significant decrease in osnolality conpared to
controls. No other differences in the CHCI3 doses at the TCE | evels were
observed in the measurenent of osnolality (Figures 43 and 44).

At 24 hours, in the presence of TCE, 0.5 mM CHCI3/kg in oil resulted in a
significant elevation In pH conpared to this CHCI3 dosage al one. In contrast,
admnistration of 0.5 m CHC3/kg in oil, in the absence of TCE, produced a
significant decrease in pH conpared to controls. Additionally, 1.0 m CHO 3/kg
inoil inthe presence of TCE produced a significantly |ower pH than the TCE
control. \Wen administered in the aqueous vehicle, 1.0 M CHCI3/kg in the
presence of TCE, resulted in a significant elevation in pHrelative to the CHC 3
alone. In contrast, 1.0 m CHCI3/kg in the absence of TCE resulted in a
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significant decrease in pH at 24 hours relative to controls. At 36 hours, 0.5 and
1.0 M CHCQ 3/kg (vehicles combined), in the presence of TCE, caused a
significant decrease in pH when conpared to the control. In the absence of
TCE, 0.5 and 1.0 ml CHCI 3/kg also resulted in decreases in pH however, these
were not significantly less than the decreases resulting fromCHCI3 in the
presence of TCE. At 48 hours, 0.5 and 1.0 m CHCI 3/kg (vehicle conbined) in
the presence of TCE produced a significant decrease in pH conpared to
controls. In the absence of TCE, 0.5 and 1.0 m CHCI3/kg al so resulted in
decreases in pH these decreases were significantly Iess those resulting from
CHCi 3 in the presence of TCE. In sumary, in the presence of TCE, CHCI3
produced a significantly higher pH (closer to controls) when conpared to
CHCI 3 in the absence of TCE (Figures 47 and 48).
H st opat hol ogi cal Results

Inoil, admnistration of 0.5 M CHC3/kg alone, resulted in mld (2/6),
moderate (1/6) and marked (2/6) renal tubule degeneration. Mderate (4/6)
and marked (2/6) damage occurred following 1.0 ml CHCl 3/ kg. Wen
admnistered in the aqueous vehicle, 0.5 mM CHCI3/kg resulted in no (3/6)
mninmal (2/6) and mld (1/6) lesions with 1.0 M CHCI 3/ kg causing mninmal (2/5),
mld (1/5) and moderate (2/5) damage (Table 7). In oil, 0.5 m CHC 3/kg
resulted in mniml (3/6), mld (1/6) and noderate (2/6) renal tubule necrosis. At
1.0mM CHCO3/kg minimal (2/6), mld (2/6) and noderate (1/6) damage occurred
When adm nistered in the aqueous vehicle, 0.5 m CHCI3/kg resulted in no (5/6)
and mld (1/6) lesions with 1.0 m CHC 3/ kg causing mniml (3/5), mld (1/5)
and noderate (1/5) damage (Table 8). TCE al one was not observed to produce
any renal tubule necrosis or degeneration in either vehicle (Tables 7 and 8).

Little if any effect of CHO3 and TCE interactions are observed in rena

tubul e degeneration; however, the interaction is evident in renal necrotic
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| esions. In the absence of TCE, 0.5 m CHCl 3/kg produced minimal (3/6), mld
(1/6), and noderate (2/6) renal tubule necrosis whereas in the presence of TCE
a mniml |esion was observed in only one animal and 5 aninals had no
necrosis. In the absence of TCE, 1.0 m CHCI 3/kg in oil produced m nim
(2/6), mld (2/6) and noderate (1/6) renal tubule necrosis whereas in the
presence of TCE, no (3/6) mniml (2/6) and mld (1/6) necrotic |esions were
observed (Table 8).

In the aqueous vehicle in the absence of TCE, 0.5 m CHC 3/ kg resul ted
inmld renal tubule necrosis in one animal. In the presence of TCE, no necrotic
| esions were observed. In the aqueous vehicle in the absence of TCE, 1.0 m
CHCI 3/ kg produced mninal (3/5), mld (1/5) and noderate (1/5) necrosis
whereas in the presence of TCE no necrotic |esions were observed (Table 8).

Vehicle effects are apparent in the renal histological damage. Vehicle
differences appear to be nore apparent in renal tubule degeneration than
necrosis. However CHCI 3, both in the absence and presence of TCE, appears
to produce nore severe renal tubule necrosis and degeneration when
adnministered in the oil than in the aqueous vehicle. One exception is the rena

tubul e necrosis at 1.0 mM CHCl 3/ kg al one where the |esions produced by the

chem cal administration in both vehicles are simlar.
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V. Di scussi on

A diloroformHepatotoxiclty

(bservations fromthe present study indicate that exposure of male F-344
rats by oral gavage to 0.5 and 1.0 m CHCI S/kg alone in both oil and aqueous
vehicles resulted in acute hepatotoxiclty. ALT, a reliable and sensitive indicator
of hepatotoxiclty, found to correlate well with histological |esions (Zi mermn
1982, Plaa, 1982), was el evated nore than 8-fold over controls at 24 hours
when 0.5 and 1.0 m CHCI 3/ kg were administered in oil. At 48 hours, ALT
| evel s exceeded those at 24 hours, with al most a 200-fol d el evation resulting
from0.5 M CHC3/kg in oil and over a 100-fold elevation from1.0 m CHC 3/kg
inoil. Wen CHCI 3 was admi nistered in the aqueous vehicle increases of ALT
ranged from3- to alnmost 5-fold at 24 hours. ALT levels produced by 1.0 ni
CHCI 3/ kg at 48 hours, although significantly elevated over controls, were |ess
than those at 24 hours indicating that the peak hepatotoxiclty, when CHCl 3 was
adm ni stered in the aqueous vehicle, appeared to be 24 hours. Conversely,
toxicity was greatest at 48 hours when CHCI3 was administered in oil. In
addi tion, increased serumbile acids, an indicator of cholestatic damage
(Gopinath et al., 1980) occurred at 24 hours (9-12 fold) and to a greater extent
at 48 hours (58-73 fold) when oil was the vehicle of admnistration. However,
no el evations in serumbile acids occurred when CHCI 3 was administered in
t he aqueous vehicle.

Additional Iy, other serumenzynmes neasured at 48 hours including LDH
and AST, enzymes reflecting cytotoxic damage (Zi nrerman, 1982) and 5' Nuc
(indicative of cholestasis) (Piaa and Hewitt, 1982) were el evated when CHC 3
was adm nistered in an oil vehicle when conpared to aqueous vehicle

admnistration. LDH AST and 5 Nuc were elevated 45- to 48-fold, 88- to 146-
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fold and 2- to 3-fold, respectively, over controls when CHCI 3 was admi nistered
inoil. However, in the aqueous vehicle, elevations were 2.8 fold for LDH 1- to
3-fold for AST with no elevation in 5 Nuc.

Borzell eca et al. (1990) admnistered 0.47 m CHCI 3/kg (700 ng/kg) in 5
% Enul phor (10m /kg dosing volunme) to male Sprague-Dawl ey rats and took
serial blood sanples over 72 hours. They noted an approximate 2.5-fold
el evation in ALT and an approximate 1.75-fold el evation in AST and that peak
toxicity occurred at 36 hours, in the aqueous vehicle, elevations of ALT and
AST at 24 hours in the present study were sinilar to the values obtained by
Borzelleca et al. at 36 hours. Differences may be the result of the animals being
cannul ated for serial blood sanpling or the fasting of animals prior to dosing in
the study by Borzelleca; additionally, they used a different strain of rats. In
another study, Steup et al. (1991) examned the toxicity of an ip admnistration
of 0.2 mM CHCO3/kg (298 ng/kg) inoil (2.0 m/kg dosing volune) in F-344 rats.
The investigators observed an approxi mately 8-fold elevation in levels of ALT
24 hours post dosing. This value is simlar to that observed for 0.5 m CHO3 in
the present study. Hgher values may have been due to the ip injection route of
exposure vs oral gavage used in this study. Harris et al. (1982) adm nistered
0.2mM CHC3/kg ip as a 30%solution in corn oil to male Long Evans rats and
obsen/ed no significant elevations in ALT 24 hours post dosing

Serum enzyme indicators as well as histopathol ogical evidence, usefu
for specific evaluation of liver injury (Plaa and Hewitt, 1982), confirmthe acute
hepatotoxicity of CHC3 in this study and suggest that the severity of
hepatotoxicity i s dependent upon the vehicle of admnistration

Vehicle effects were of interest since these chenmicals are conmon
drinking water contamnants. Also, the mgjority of toxicity studies have

previously been carried out in oil-hased solutions; thus, it was thought that a
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direct vehicle conparison of CHCI3 toxicity and CHCO 3 and TCE interactions
woul d be of interest. Additionally, recent findings indicate that the dosing
vehicle may significantly influence the acute toxicity of hal ocarbon VOCs
including carbon tetrachloride (Kimet al., 1990a) and 1,1 dichloroethylene
(Chieco et al., 1981)

Wthey et al. (1983) studied the effects of vehicles on the uptake of TCE
and CHCI 3 among other VOCs fromthe G tract of the rat. H gher Cmax val ues
were observed for both TCE and CHCI 3 when administered in the aqueous
vehicle vs an oil admnistration (Table 9). Thus, uptake was observed to be
nore rapid from aqueous sol utions when equi val ent anounts were
adm nistered in oil and aqueous solutions. Additionally if unnetabolized,
CHCI 3 coul d be elimnated by exhal ation. Consequently, exhalation of
unmet abol i zed CHCI 3 may occur nore readily fromthe aqueous sol ution
accounting for the reduced toxicity when administered in the agueous vehicle.
Wher eas, when administered in oil, the compounds are not as readily exhal ed
allowing a slow absorption of the chemcals into the systemresulting in
netabol i smof a larger portion of the dose (Burnett et al., 1992).

Kimet al. (1990b) studied the pharmacokinetics of the uptake of CCl4
fromdifferent vehicles of admnistration (Table 10). Kimet al. noted significantly
hi gher Cmax val ues when CCl 4 was adm nistered in the aqueous vehicles vs
the oil and concluded that an overall delay in the uptake occurred when the
chem cal was administered in corn oil. In a conpanion study by Kimet al
(1990a), it was observed that acute hepatic toxicity fromadmnistration of CC4
was more pronounced when given in an aqueous vehicle than in the oil vehicle
Substantial vehicle effects were observed in the present study; however, in
contrast to the increased hepatotoxicity of CCl4 observed in the aqueous

vehicle, CHCI 3 was significantly nmore acutely hepatotoxic when administered
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inthe oil vehicle. Thus, CCl4 and CHC 3 appear to have opposing correlations
with blood concentrations (Cmax) and resulting acute hepatotoxicity. This may
be a result of the specific pathways of metabolismand detoxification involved in
CHCI 3 and CCl 4 nmetabolism Additionally, the relationship between the
kinetics of chemcal absorption into the systemc circulation and saturation of
met abol i ¢ pathways may aid in predicting vehicle effects on toxicity.
Consequently, it appears that the influence of vehicles on uptake into the
systemc circulation, the application of pharmacokinetic data such as Crax and

the correlation between bl ood concentration and hepatotoxicity require carefu

exani nati on.

B. Chl or of orm Nephrotoxicity

Many in vitro studies have addressed CHCI 3 nephrotoxicity (Smth et al
1985; Smith and Hook, 1983); however, little information is available in the
literature on CHCI 3 nephrotoxicity in oil and aqueous vehicles in vivo. A study
by Branchflower and Pohl (1981) exam ned CHCI 3 nephrotoxicity in F-344 rats.
Twenty-four hours after admnistration of 0.5 m CHCI3/kg ip to sesane oi
pretreated rats no significant elevation in BUN over oil controls was evident.

In the present study, acute dose-dependent CHCI 3 nephrotoxicity was
observed in both oil and aqueous vehicles. Histological examnation, a usefu
met hod for detecting chemcally-induced renal damage and for el ucidating the
site of damage, was used to evaluate nephrotoxicity (Chata, 1987). Rena
tubul e degeneration and necrosis were apparent in both vehicles; however, oi
adm ni stration appeared to be nore acutely nephrotoxic. Chata et al. (1987)
al so noted that increases in urinary enzynmes precede other comon indicators
of toxicity such as creatinine clearance, serumcreatinine and BUN and t hat

enzynes correlate well with histological changes.  Thus, in addition to the
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hi stol ogi cal |esions, other indicators of renal damage including urinary AST,
LDH and TPR are suggestive of distal convoluted tubule, proximal straight
tubul e and gl onerul ar damage respectively (Guder and Ross, 1984; Berndt,
1976)

The influence of vehicles on the urinary enzymes was mnimal if any.
However, when exam ning the severity of the histopathol ogical |esions
i ncluding both renal tubule degeneration and necrosis, it is apparent that
CHCI 3 was more acutely nephrotoxic when admnistered In oil conpared to the
aqueous vehicle.

C. Trichl oroet hyl ene Hepatotoxicity

In the present study, no hepatic toxicity was observed fromthe
admnistration of TCE. A significant elevation over control in relative |iver
wei ght was observed when TCE was admi nistered in oil; however, no necrosis
was observed upon histol ogical evaluation of the l|iver tissue. This was
expected as it was the objective of this study to examne the interaction of a
nonhepat ot oxi ¢ dose of TCE on both the hepato- and nephro-toxicity of CHCI3
Simlarly, Pessayre et al. (1982) noted that |iver histology was normal 24 hours
after the admnistration of 1 m TCE kg ip in liquid parafin to male Sprague-
Dawi ey rats; additionally, no significant elevation in ALT was observed

D. Trichl oroet hyl ene Nephrotoxicity

In the present study, elevations in urinary enzynes or indicators of
nephrotoxicity were not observed when TCE was administered. Relative kidney
wei ght was significantly increased over control in both vehicles; however, no
hi stol ogi cal evidence of renal toxicity was observed

Chakrabarti and Tuchweber (1988) studied the acute nephrotoxic

potential of TCE in male F-344 rats. Rats were pretreated with phenobarbita
(80my/ kg ip for 3 days) then 0, 0.49, 0.99 and 1.97 nl TCE/ kg was admi nistered
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ipincornoil. Treatment of rats with up to 0.99 m/kg did not influence any of the
measured bi ochem cal paraneters at 24 hours. TCE at 1.97 ml /kg was
observed to elevate NAG BUN and gl ucose and an apparent saturation of
met abol i sm was observed. Thus, the investigators concluded that TCE exerts
acute nephrotoxicity at very high dose |evels.

E. Interactions of Chloroformand Trichloroethyl ene on Hepatotoxicity

There are a number of studies in the literature discussing the synergistic
interaction of CC4 and CHCI 3 (Borzelleca et al., 1990; Harris et al., 1982,
Steup et al., 1991) and the synergistic interaction of CCl4 and TCE (Borzelleca
et al., 1990; Steup et al., 1991); however, no studies were found in which the
interaction of CHCI3 and TCE was exanmi ned. In contrast to the increased
hepatotoxicity seen with CCl4 and TCE it was observed in this study that the
concurrent admnistration of CHCI3 and TCE resulted in significantly |ess
hepat ot oxi ci ty when conpared to that caused by CHCI 3 al one. The inhibition of
toxicity by TCE can be observed in the decreased levels of AST, LDH 5 Nuc at
48 hours, ALT and bile acid at 24 and 48 hours and in the histological |esions.
Additionally, the inhibition was observed to be independent of dose, tine or
vehi cl e.

Both CHCI 3 and TCE are known to be metabolized by the |iver m xed-
function oxidase system (Pohl, 1979; MIler and Guengerich, 1983; Rouisse and
Chakrabart!l, 1986). Mslen et al. (1977) studied the deactivation of P-450 by
TCE in phenobarbital -pretreated Sprague-Daw ey rats exposed to 1 % (10,000
ppm) TCE by inhalation for 24 hours. The investigators found significantly
decreased P-450 in the pretreated rats after 1, 2 and 8 hours of exposure by
Inhalation to TCE Brady et al. (1989) perfornmed a study elucidating that the
specific P450 isozyme responsible for the oxidative metabolismof CHA3 is I1E
(CYP2E1). Brady et al. demonstrated that CHCI3 netabolismwas reduced
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when HE! was inhibited by diallyl sulfide. Andersen et al. (1987) examined the
metabolic interactions of TCE and 1,1 dichloroethyl ene, two conpounds
met abol i zed by single saturable oxidative pathways with high-affinity substrate
binding. It was observed that the kinetic interactions in the metabolic pathways
were strictly conpetitive thus explaining the inhibition of netabolism when
coexposed. Andersen noted that the efficacy as an inhibitor in vivo is
dependent both on binding constants and tissue solubilities and that TCE has
high solubility in all tissues and blood. In a study by Gargas et al. (1988) on the
solubilities of hal omethanes, he reported tissue:air partition coefficients of
several conpounds (Table 11). TCE and CHCI 3 have similar values for blood
and |iver tissue indicating that both conpounds readily enter the tissue.
Therefore, a possible explanation for the inhibition of CHO3 toxicity in
the presence of TCE is that the P450 is deactivated by TCE thus inhibiting the
CHCL3 metabolismto its reactive internediates. Another possibility is that the
TCE conpetitively binds to the P450; thus, blocking the CHCl 3 netabol i sm
| f TCE conpetitively binds or deactivates P450, this could [ead to increased
exhal ation of unnetabolized CHCI3 and consequent|y, decreased toxicity.
F. Interactions of Chloroformand Trichloroethylene on Nephrotoxicity
The inhibition of CHCL3 toxicity by TCE observed in the liver was al so
apparent in the kidney. Renal tubule necrosis was nore severe when CHCl 3
was admnistered in the absence of TCE when conpared to the presence of
TCE. Urinary enzymes AST and LDH were al so observed to significantly

increase when CHClI 3 was administered in the absence of TCE. Conversely, a

significant decrease, relative to CHCI 3 alone, is observed when CHCl 3 was
admnistered in the presence of TCE. Total protein concentrations were

el evated over controls when CHCI 3 was adm nistered al one conmpared to no

significant elevation in the presence of TCE These interactions were observed
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to be independent of vehicle and occurred primrily at 36 and 48 hours in hoth

vehi cl es.

It has been noted that the activation of CHCI3 by oxidative dechlorination
to phosgene may not occur in the kidney as it does in the liver since kidney
GSH is not depleted (Docks and Krishna, 1976). Additionally, CHCI3 does not
appear to be netabolized as extensively by P450 in the kidney when conpared
to the liver (Docks and Krishna, 1976). This suggestion was supported by the
observation that the severity of CHO3 nephrotoxicity in vitro did not differ
between the F-344 and Sprague Dawl ey rats although the concentration of
renal P450 has been shown to be two-fold greater in the F-344 strain (Smth et
al., 1985),

Consequently, it was thought that the metabolismof CHCI3 and TCE in
the liver in the present study could be responsible for the observed effects in the
ki dney; however, in a study by MMrtin et al. (1981) that issue was addressed.
The investigator admnistered 0.45 g CHCOI3/kg in corn oil (6%v/v) by gavage to
examne the effects of P450 on hepatic and renal necrosis. MMrtin found no
correl ation between the effects of cadm um phenobarbital or fasting
pretreatments in increasing or decreasing hepatic cytochrone P450
concentrations and increasing or decreasing renal necrosis. Thus, suggesting
that the renal necrosis is a result of CHCI3 metabolismin the kidney rather than
the liver.

These possible differences of CHCI3 netabolismin the [iver and kidney
conplicates the explanation of the interactive effects seen by the inhibition of
CHCOI 3 toxicity by TCE in both organs. This is an area that warrants further
study in order to explain the interactive toxicity observed in both liver and ki dney

tissue.
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VI . Concl usi ons

CHCI 3 was observed to produce a concentration-dependent increase in
hepatic and renal toxicity while TCE al one produced no overt toxicity in either
organ. It was also noted that corn oil appeared to enhance the acute hepatic
and nephrotoxicity of CHCl 3. Vehicle effects appeared to be independent of
dose and time as they were observed at both 24 and 48 hours with 0.5 and 1.0
m CHCI3/kg in both the liver and kidneys. Geater hepatotoxicity appeared to
occur at 48 hours when CHCI 3 was administered in oil whereas the aqueous
vehicl e appears to exhibit nore or equal toxicity at 24 conpared to 48 hours.
Additionally, based on severity of the histopathol ogical |esions CHCl 3
appeared to be nore acutely nephrotoxic when admnistered in the oi
conpared to the aqueous vehicle

In the studies by Kimet al. (1990a and b), a correlation between a high
Cmax and aqueous admi nistration of CC 4-induced hepatotoxicity was evident.
Cmax was al so hi gh when CHCI 3 was adm nistered in an aqueous vehicle
when conpared to oil (Wthey et al., 1983); however, it was found to be nore
hepat 0- and nephrot oxi ¢ when admnistered in the oil vehicle. It appears that
the rate of uptake and absorption plays an inportant role in the toxicity
produced when a conpound is admnistered. As a result of the apparent
opposing correlations of blood concentrations and acute hepatotoxicity of CCl4
and CHCl 3, two structurally simlar halocarbons, it seems elucidation of the
underlyi ng mechani smof vehicle effects is crucial to nore accurate risk
assessnment and that further assessment of the relationship between bl ood
concentration and both hepatic and renal toxicity is of interest.

It is becomng nore apparent that the potentially confounding effects of

the vehicle of chem cal admnistration and route of exposure should be
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exam ned. Additionally, an understanding of the inportance of studying the
toxic effects of a contamnant in the media in which exposure is most likely ta
occur is beconing a nore relevant issue as the influences of vehicles are being
observed. This is especially applicable to the VOCs since they are very
|'i pophilic and recent findings indicate significant vehicle alterations in
phar macoki netics and toxicity.

The purpose of this work is to ultimately lead to an better understanding
of the risks of human exposure to interactions of VOCs in drinking water
Mxture toxicology is a new and conplex field. There are infinite combinations
of mxtures that could be tested and it would an inmpossibility to begin to do so.
Thus, if the mechanisn(s) of the toxicity can be elucidated or if chemcals can
be grouped according to structural properties or toxic endpoint(s), it would
reduce the amount of testing required.

Exanpl es of binary mxture interactions include the potentiation of CCl 4
by TCE and the synergismof CC4 and CHCI3 (Borzelleca et al., 1990; Steup et
al., 1991). In the present study, concurrent exposure to CHCl 3 and TCE
produced significant decreases in toxicity relative to CHO3 alone. This
inhibition of CHCO3 toxicity by TCE was observed to be independent of dose
vehicle and tinme and was observed in both the Iiver and kidney. Thus, this
study in conbination with others (Borzelleca et al., 1990; Steup et al., 1991
Simmons et al., 1992) provides an exanple of the opposing interaction of TCE
on both CHCI3 and CCl4 and the opposite responses of two structurally simlar
binary m xtures.

Toxi col ogi cal assessment of chemcal interactions is a difficult task. It is
inportant not only to assess the biological effects of exposure to chem cal
mxtures but also the pharmacokinetic influences (Andersen et al., 1987) as well
as determning the mechanism(s) of interaction. This information could aidin
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the interpretation of the chemical interactions which ultimtely may lead to nore
accurate assessnents of the health risk associated with multiple chem cal

exposures.
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Table 1 Legend for Explanation of Statistical Symbols

*In the absence of TCE, the CHCI3 dose is significantly different fromthe
controls (0.0 m CHCI3/kg/0.0 m TCE kg).

< In the absence of TCE, the CHCI3 dose | siEnificantly different fromboth
the control (0.0 m 0 g) and the low CHO 3 dose

dose is significantly different fromthe

+1n the presence of TCE th
k TCE kg) .

control's (0.0 m CHO 3/

3w

e
0/1.0

#1n the presence 0

nt f TCE, the CHO 3 dose is significantly different fromhboth
the control (0.0 M CHO3/kg/1.0

m TCE kg) and the [ow CHCO 3 dose
The TCE levels, at the same level of CHO3, are significantly different.

3 There is a significant difference between the vehicles.

$ 24 hour value is significantly different fromthe 48 hour val ue

TINE Vehicle was not significantly.ditferent and statistical analysis was
performed wthout making that distinction.
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Table 2. Vehicle conparison of LDH in serumat 48 hours

CHCI 3/ TCE

(m/ko)

0.0/0.

0.0/1.

0.5/0.

0.5/ 1.

1.0/0.

1.0/ 1.

CHCI 3/ TCE

0

0

0

Vehi cl e comparison of AST in serumat 48 hours

aqueous vehicle

(m/kg)

0.0/0.

0.0/ 1.

0.5/0.

0.5/ 1.

1.0/0.

1.0/1.

0

0

0

oil vehicle

(v

154

498.

6958.

3809.

7387.

529.

oil vehicle

.7

5

3

3

7

3

(iul)

60.

74.

8756.

367.

5267.

980.

2

2

7

aqueous vehicle

(1)

149. 2

135.3

155.3

166. 5

420.0

168. 2

(iul

61.3

56.5

79.5

54.0

200. 8

74.0

oi | /aqueous 1
ratio

1.0
3.7
44. 8
2.3
17. 6

3.2

Q| /aqueous 1

ratio
1.0

Vehicl e conriparison of 5 Nucl €0tidase in serumat 48 hours |

CHCI 3/ TCE

(m/kg)

0.0/ 0.

0.0/ 1.

0.5/ 0.

0.5/ 1.

1.0/0.

1.0/1.

0

0

0

0

0

0

oil vehicle

(1u1)

48.

89.

120.

63.

163.

80.

7

4

9

aqueous vehicle

(1u

87.50

96.

63.

56.

58.

53.

2
7
0
0

4

oi | /aqueous 1
ratio

oA
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Table 3. Normalized AST* in Urine: Ql/Aqueous Ratios

CHCI 3/ TCE
(m/kg)
0.0/0.0 oi

agqueous
ratio
0.0/1.0 oi |
aqueous
ratio
0.5/0.0 oi |
aqueous
ratio
0.5/1.0 oi |
agueous
ratio
1.0/0.0 oi l
agueous
ratio

1.0/1.0 oi |

aqueous

ratio

Chr

0.

09

.24

. 38

.10

.11

.94

.10

11

. 90

.24

.15

. 54

.10

. 06

.48

. 06

.17

. 36

"Expressed as 1U 10 my UCRE

6hr

0.

12

.41

. 30

.15

.17

.91

.23

.14

. 68

. 60

.15

. 94

.16

.15

.03

. 56

.12

. 87

12 hr

1.

24

.17

. 20

.11

.16

. 68

.21

. 20

. 05

.14

.13

. 05

.16

.21

.75

.29

11

.52

24 hr

0.

21

.22

. 05

.33

.22

.49

.47

.12

.42

.18

.19

. 99

.18

.49

. 37

.42

.19

. 26

36 hr

0.12

0.13

0. 87

0.16

0.11

1.43

2.75

0. 87

3. 16

0. 16

0. 16

1.01

3. 46

2.63

1.32

0.29

0.14

2.02

71

48 hr

4.56

1
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Table 4. Normalized LDH* in Urine: O1l/Aqueous Ratios

CHCI 3/ TCE
(m/kg)
0.0/0.0 oi |

agueous
ratio
0.0/1.0 oi l
aqueous
ratio
0.5/0.0 oi |
aqueous
ratio
0.5/1.0 oi |
aqueous
ratio

1.0/0.0 oi |

aqueous
ratio
1.0/1.0 oi l

agueous

ratio

Chr

0. 338

. 375

. 901

0. 355

. 381

. 932

0. 357

0. 361

. 989

0. 355

. 351

. 011

. 367

0.374

. 981

0. 367

0. 303

1.

211

"Expressed as | U 10 ng UCRE

6hr

0. 347

0. 442

0. 785

0. 427

0.477

0. 895

0. 491

0. 438

1.121

0. 487

0. 527

0. 924

0. 550

0. 532

1.034

0. 445

0. 432

1. 030

12 hr

0.778

0. 393

1.980

0. 520

0.678

0. 767

0.551

0.624

0. 883

0. 556

0. 570

0. 975

0. 576

0. 699

0. 824

0. 519

0. 626

0. 829

24 hr

0. 424

0. 310

1. 368

0. 454

0. 488

0. 930

1.019

2.408

0. 423

0. 417

0. 577

0. 723

0. 620

1.413

0. 439

0. 515

0. 595

0. 866

36 hr

0. 294

0.321

0. 916

0. 364

0. 323

1.127

3.128

1.778

1.759

0. 681

0. 434

1. 569

3.770

4.203

0. 897

0. 708

0. 452

1.567

72

4 hr 1

0. 285

0. 333

0. 856
0. 304

0. 324
0. 938
6. 364
1.520
4.187
0. 809
0. 379
2.135
6.241

4. 495
1. 388
1. 337
0.572

2. 337
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Table 5. Centrilobul ar Hepatocel lular Necrosis

CHCI 3/ TCE (m /kg) Gl Vehicle Aqueous Vehicle
0.0/0.0 000000* 000000
0.0/1.0 000000 000000
0.5/0.0 022223 000000
0.5/1.0 000111 000000
1.0/0.0 222222 00000* *
1.0/1.0 111111 000000

* Each digit is the lesion score fromone animal and indicates severity of
damage as described in the nethods section: 0=no |esions observed,;
I=minimal; 2=mld; 3=npderate; 4=narked.

**One ani mal died

Table 6. Centrilobular Vacuol ar Degeneration

CHCI 3/ TCE (mi/kg) Gl Vehicle Aqueous Vehicle
0.0/0.0 000000* 000000
0.0/1.0 000000 000000
0.5/0.0 233344 011111
0.5/1.0 112233 000114
1.0/0.0 333444 11112%*
1.0/1.0 222333 111122

Each digit is the lesion score fromone animal and indicates severity of
damage as described in the nmethods section: 0=no | esions observed:
1=minimal; 2=mld; 3=noderate; 4=marked.

**One ani mal died
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Tabl e?. Renal Tubul e Degeneration

CHClI 3/ TCE (n /kg) Q1 Vehicle Aqueous Vehicle
0.0/0.0 000000* 000000
0.0/1.0 000000 000000
0.5/0.0 022344 000112
0.5/1.0 233333 000011
1.0/0.0 333344 11233**
1.0/1.0 333444 011112

* Each digit is the lesion score fromone animal and indicates severity of
damage as described in the methods section: 0=no |esions observed;
lI=minimai; 2=mld; 3=npderate; 4=nmarked.

**One ani nal di ed

Tabl es. Renal Tubul e Necrosis

CHClI 3/ TCE (i /kg) a1l Vehicle Aqueous Vehicle
0.0/0.0 000000* 000000
0.0/1.0 000000 000000
0.5/0.0 111233 000002
0.5/1.0 000001 000000
1.0/0.0 011223 11123%*
1.0/1.0 000112 000000

Each digit is the lesion score fromone animal and indicates severity of
damage as described in the methods section: 0=no |esions observed;
1=minimal; 2=m|d; 3=noderate; 4=marked.

"One ani mal died
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Table 9.  Wthey et al. 1983, Pharnacokinetic Data on 75 nyg
CHCl 3/ kg and 18 ny TCE/ kg in G| and Aqueous Vehicles
CHCI 3 Corn Q| Std Error Agqueous Std Error
or 95% Cl or 95% Cl
Cmax
(ug/n) 5.9 1.2 39.3 6.8
Trmax
(i n) 6.0 0.0 5.6 1.1
AUC
(ug min/n) 199 93, 426 1735 1280, 2351
TCE
Cmax
(ug/nl) <1.0 15.9 1.1
Trmax
(min) 10. 6 3.7
AUC
(ug mn/n) 111~ 0.5.2.46 241.5 196, 298

"(htai ned by extrapol ation.

Tabl

(ng/m)
Trmax
(mn)
AUC

ug
mn/m

75

e 10. Kimet al. 1990, Pharmacokinetic Data on

25 ny CCl4/kg in Different Vehicles
Corn Std Aqueous Std Pur e Std Water Std
Ol Error Error Chem cal Error Error
371 30 3814 1012 1084 145 3447 654
184 66 6 0.5 20.5 1.9 3.5 0.7
164 8 166 23. 4 114. 2 14.9 175 22.7
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Table 11 Biood:saline and oil partition
coefficients Gargas et al. (1988)

Chemi cal Sal i ne Std Error Qive Gl Std Error
CHCI 3 3.38 0. 09 402 12
TCE 0. 83 0. 30 553 46
CCl 4 0. 35 0. 03 374 11

Tissue: Air Partition (Coefficients.
Gargas et a.(1988)

Std Std Std Std
Bl ood Error Li ver Error Muscl e Error Fat Error
CHCI 3 20.8 0.1 21.1 1.5 13.9 1.9 203 5
TCE 21.9 1.4 27. 2 3.4 10.1 2.7 554 21

CCl 4 4.52 0. 35 14. 2 0. 97 4.54 0.59 359 11
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FIG 7. LDH AT 48 HRS - O L VEH CLE
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FIG 9. AST AT 48 HRS - AL VEH CLE
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FIG 15.  HEPATOTOXICITY OF 0.5 ml CHCl 3/ kg 8°
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FIG 34. NEPHROTOXI CI TY OF CHCI 3 AND TCE I N AQUEQUS VEH CLE
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VITI. Appendix

A. Statistical Tables

BODY WEIGHT O L VEH CLE

119

VEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 38. 77 <0. 001
EXP 1 41. 82
CHCI 3 2 2487. 77 111. 23 <0. 001
TCE 1 94. 74 4.24 0. 049
CHCl 3 X TCE 2 45.18 2.02 0. 151
ERROR 29 22.37
BODY WEI GHT O L VEH CLE

CHCI 3 VMEAN STD TCE MEAN STD
(M/kg)a (grams) DEV N (m/kg) (granms) DEV N
0.0 166.6 3.6 2 00 148.3 14.6 18
0.5 141.8 7.0 210 151.6 11.2 18
1.0 141.5 4.3 12
a05and 1.0n O—I(]S/k%r S|gn|f|cant|y | ower than 0, 0 M CHCI 3/ kg
(p<0.05). 0.5 and 1.0 n 3lkgare not significantly different.

BODY WV\E GHT AQUECUS VEHI CLE

NVEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 12. 73 <0. 001
EXP 1 1.58
CHCI 3 2 1713.74 34.70 <0. 001
TCE 1 52.16 1.06 0. 313
CHCl 3 X TCE 2 147.11 2.98 0. 067
ERROR 28 49. 39

BODYWEI GHT  AQUEOUS VEHI CLE
CHCI 3 MEAN STD TCE MEAN STD
(ni/kg)a (grams)  DEV N (nl/kg)  (grams) DEV N
0.0 162. 9 10.9 12 0.0 153.0 14.0 18
0.5 151. 4 4.4 12 1.0 149.7 10.7 18
1.0 138.5 4.8 11
ai, 0n C|-|C|3/kg (s significantly lower than 0.5 m CHO3/kg (p<0.05),
0.5m CHO /kg IS significantly” | ower han 0.0 M CHC 3 kg (p<0 05)" and
1.0 CHO3/kg is significantly Iower than 0.0 m CHO3/kg (p<0. 05),
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RELATI VE LI VER VEIGHT O L VEH CLE

VMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 5. 65 <0. 001
EXP 1 0. 280
CHCI 3 2 0. 401 8.03 0. 002
TCE 1 0. 152 3.04 0. 092
CHCI 3 X TCE 2 0. 229 4.58 0. 019
ERROR 29 0. 050

RELATI VE LI VER WEI GHT 0lL VEH CLE

MEAN STANDARD
CHO3 (m/kg)a TCE (m/kg)b  %of body w  DEVI ATI ON N
0.0 0.0 4.29 0.12 6
0.0 1.0 4.48 0.19 6
0.5 0.0 4.66 0.21 6
0.5 1.0 4.38 0. 38 6
1.0 0.0 4.89 0. 28 6
1.0 1.0 4,60 0.18 6

BL the absence of TCE 0.5 and 1.0 m CHO3/kg are si gn|f|cant|y hi gher
an 0.0 i C|-|C|3/kg (p<0.05). 0.5 and 1.0 m° CHO3/Kg are not”
S|g][1|efr|e%%r(1atsl¥nd|t hfeer&nmlrl}vtene presence of TCE there were no significant

bThe TCE levels are significantly different at 0.0 m CHO 3/kg (p=0.019)
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RELATI VE LI VER VEI GHT
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AQUEQUS VEH CLE

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 7.15 <0. 001
EXP 1 0. 966
CHCI 3 2 0.822 13. 48 <0. 001
TCE 1 0.005 0.09 0.766
CHCI 3XTCE 0.087 1.42 0.258
ERROR 28 0.061

RELATI VE LI VER WEl GHT

CHCI 3 VMEAN STD
(m | kg) a Yof DEV N
body wt
0.0 4.19 0.31 12
0.5 4. 24 0.31 12
1.0 3.77 0.21 11

a .0 (]-I(J'S/kgissignifica |y|
(p<0.05). 0.5and 1.0 m CHCI 3/kg. ar

AQUEOUS VEHI CLE

TCE MEAN STD

(m/kg) Yof DEV N
body wt

0.0 4.08 0.09 17

1.0 4.07 0.08 18

than 0.0 and 0.5 nl CHO 3/kg
o significantly different.
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RELATI VE KI DNEY WEI GHT aL VEH CLE?

MEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 17.88 <0. 001
EXP 1 0. 003

CHCI 3 2 0.634 45. 55 <0. 001
TCE 1 0. 020 1.41 0. 244
CHCI 3 X TCE 2 0.101 7.28 0. 003
ERROR 29 0.014

asased on LOG PCKI D)

RELATI VE KI DNEY WEI GHT 0L VEH CLE

NVEAN STANDARD
CHCOI3 (m/kg)a TCE {m/kg)b  %of body wt  DEVI ATI ON N
0.0 0.0 0.74 0.03 6
0.0 1.0 0. 80 0.03 6
0.5 0.0 1.25 0.19 6
0.5 1.0 0. 96 0. 10 6
Lo 0.0 1.18 0.19 6
1.0 1.0 1.21 0.15 6

ain the absence of TCE, 0.5 and 1.0 m CHCI 3/kg are significantly higher
than 0.0 m CHC! 3/kg (p<0.05). 0.5

and 1.0 i CHCI 3/kg are not
significantly different,

In the presence of TCE, 1.0 ni CHC|3/kg|s significantly higher than 0.5 n
CHC 3/ kg (p<0.05), 0.5 n CHCI 3/kg is significantly higher than 0.0 m
CHCI 3/kg (1e TCE al one 5<0 05) and 1.0 m CHCI3/kg Is significantly
higher than 0.0 m | eTCE al one) (p<0. 05).

bThe TCE |evels are S|gn|f|cant|y different at 0.0 m CHCI3/kg (p=0.005)
and 0.5 m CHC 3/kg (p=0.012).
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RELATI VE KI DNEY WEI GHT

VMEAN

SOURCE DF SQUARE
OVERALL 34

EXP 1 0. 001
CHCI 3 2 0. 087
TCE 1 0. 015
CHCl 3 X TCE 2 0. 049
ERROR 28 0. 007

SBased on LOE PCKI D)

RELATI VE KI DNEY WEI GHT AQUEQUS VEHI CLE
STANDARD
DEVI ATI ON

0.
.05
.04

NMEAN

CHCI3 (m/k9)a TCE (m/kg)b  %of body wt
0.0 0.0 0.77
0.0 1.0 0.83
0.5 0.0 0.84
0.5 1.0 0.82
1.0 0.0 1. 06
1.0 1.0 0.87

ain the absence of TCE, 1.0 m CHC 3/

significantly different.
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AQUEQUS VEHI CLE®

F- VALUE

6. 06

10. 97
1.97
6. 22

oo ooo

04

03
24

.04

P- VALUE
<0. 001

0. 003
0.171
0. 006

oo oo Z

kg is significantly higher than 0.0
and 0.5 m CHCI 3/kg(p<0.05). 0.0 and 0.5 i CHCI 3/kg are not

In the presence of TCE, there were no significant differences in the CHCO 3

| evel s.

bThe TCE levels are significantly different at 0.0 m CHCI3/kg (p=0.030).


NEATPAGEINFO:id=C32A5920-8F96-459B-856B-F279E96B8AED
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SERUM LDH O L VEH CLEa

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 35 14. 18 <0. 001
EXP 1 4.46
CHCI 3 2 14.85 16.93 <0. 001
TCE 1 22.81 26.01 <0. 001
CHClI 3 X TCE 2 8.83 10. 07 0. 001
ERROR 29 0.78

asased on Log(LDH)

SERUM LDH A L VEH CLE

NVEAN STANDARD
CHCI 3 (m/k9)a TCE (n/kg)b (1uL) DEVI ATI ON N
0.0 0.0 154.7 55.2 6
0.0 1.0 498. 5 883. 8 6
0.5 0.0 6958. 3 5135. 3 8
0.5 1.0 389. 3 380.5 6
1.0 0.0 7387.7 8563. 1 6
1.0 1.0 529. 3 544.9 6

ain the absence of TCE, 0.5 and 1.0 m CHCI3/kg are significantly higher
than 0.0 m CHCI3/kg(p<0 05). 0.5 and 1.0 M CHC 3/kg are not

Si Tgn|f|cant|y different. In the presence of TCE, there were no significant
ferences In the CHC 3 | evels.

bThe TCE levels are 3|gn|f|cant|y different at 0.5 CHCOI3/kg (p<0.001)
and 1.0 m CHC 3/ kg (p=0.010).

SERUM LDH AQUEQUS VEHI CLEa

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 2.20 0. 073
EXP 1 0.176
CHCI 3 2 0.716 3. 97 0. 030
TCE 1 0.421 2.34 0.138
CHCI 3 X TCE 2 0.314 1.75 0.193
ERROR 28 0. 180

SBased on Log(LDH)
SERUN LDH AQUEOQUS VEHI CLE

CHCI 3 NVEAN STD TCE NVEAN STD
{Mikg)a  (IUL) DEv N (m/kg) (1uL) DEV N
0.0 142. 3 41.6 12 0.0 231.0 258.1 17
0.5 160. 9 53.1 12 1.0 156. 7 49,8 18
1.0 282. 6 312.2 11

ai.onm CHO3/kg is significantly higher than 0.0 m CHCI3/kg (p<0.05).
No other differences were significant.
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SERUM AST O LVEHI CLEa

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 40. 23 <0. 001
EXP 1 0.15
CHCI 3 2 39.70 73. 20 <0. 001
TCE 1 28.92 53. 33 <0. 001
CHCl 3 X TCE 2 11.21 20. 68 <0. 001
ERROR 29 0.54

aBased on Log{ AST)

SERUM AST O L VEH CLE

NVEAN STANDARD

CHO3 (m/kg)a TCE (m/kg)h (1uL) DEVI ATl ON N
0.0 0.0 60. 2 6.7 6
0.0 1.0 74.2 42. 4 6
0.5 0.0 8756. 7 1967. 4 6
0.5 1.0 367.5 487. 9 6
1.0 0.0 5267. 2 3847.5 6
1.0 1.0 980. 3 841.1 6

3| n the absence of TCE, 1.0 ni CHC|3/kg i's significantly

| ower than 0.5 n O—ICIS/ki(p .05, 0.5 CHCI3/kg is significantly

higher than 0.0 m CHO 3/kg (p< <0.05) and 1.0 nf kg is significanlty

hi her than 0.0 m CI-|C|3/kg (p<0.05). In the presence of TCE, 1.0 n
kg I's significantl ?/ higher than 0.5 and 0.0 M CHCI 3/ kg 0.5and 0.0

/'kg are not signi |cant|y di fferent
bThe TCE levels are significantly different at 0.5 m CHOI3[kg (p<0.001)

and 1.0 m CHG 3/kg (p=0.008).
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AST
SOURCE DF
OVERAL L 34
EXP 1
CHCI 3 2
TCE 1
CHCI 3 X TCE 2
ERROR 28
aBased on Log(AST)

AS-r
CHCI 3 MEAN  STD
{nilkga  (IUL) DEV N
0.0 58.9 5.9 12
0.5 66. 8 20.7 12
1.0 131.6 162.8 11

AQUEQUS VEHI CLE?

MEAN

SQUARE

0. 305
0. 927
1.198
0. 240
0.127

F- VALUE

4.54

7.31
9.45
1.89

AQUEQUS VEHI CLE

TCE

(m/kg)

0.0
1.0

NVEAN

(UL

108. 7
61.5

126

P- VALUE
0. 003

0. 003

0. 005
0.170

STD

132.9 17
15.3 18

al .0n C|-|C130%|33|gn| icantly higher than 0.0 and 0.5 nt CHC 3/kg (p<0. 05).

0.0 and 0.5

3lkg are not significantly different.
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SOURCE
OVERALL
EXP

CHCI 3

TCE

CHClI SXTCE
ERROR

CHCI3 (m/kg)a

0.0
0.0
0.5
0.5
1.0
1.0
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SERUM 5' N JCLEOTI DASE O L VEH CLE
MEAN
DF SQUARE F- VALUE P- VALUE
35 9. 80 <0. 001
1 122710
2 8352 2.80 0.077
1 10127 3. 40 0.076
2 12884 4.32 0.023
29 2980
SERUNMB' NUC-EOTIDASE 0 L VEHI CLE
STANDARD
TCE (i /kg)b MEAN DEVI ATI ON N
0.0 48.7 36. 1 6
1.0 89. 4 109. 1 6
0.0 120.9 76. 1 6
1.0 63.0 40. 6 6
0.0 163. 4 124.0 6
1.0 80. 0 76.3 6

ain the absence of TCE 0.5 and 1.0 nt CHOI 3/ k&_mremgmhcan |y hi gher

than 0.0 m CHC 3/ kg(

significant |¥nd|tfhfeercekrl1CIS

bThe TCE levels are S|gn|f|can ly different
and 1.0 m CHCO 3/ kg (p

di f'f erences

p<0.05). 0.5 andl.On are not
In t he presence of TCE, there were no significant

gt at 0.5 1 CHO 3/kg (p=0. 046)
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SERUM CREATI NI NE O LVEHI CLEa

NVEAN
SOURCE DF SQUARE F- VALUE
OVERALL 35 7.15
EXP 1 1.93
CHCI 3 2 4.53 12. 60
TCE 1 2.01 5.60
CHCI 3 X TCE 2 1.23 3.38
ERROR 29 0. 36
asased on Log(CRE)
SERUM CREATI NI NE O L VEH CLE
MEAN STANDARD
CHCOI3 (m/kg)a TCE {m/kq)b (mg/dl) DEVI ATI ON
0.0 0.0 0.53 0. 08
0.0 1.0 0. 47 0.12
0.5 0.0 2.72 1.52
0.5 1.0 0.72 0. 20
1.0 0.0 2.27 1.86
1.0 1.0 2.17 2.06
ain the absence of TCE, 0.5 and 1.0 m CHCI3/kg are si
than 0.0 n CHC|3/kg(p<O 05% 0.5and 1.0 m CHC 3/kg are not
S|gn|f|can ly different. In the presence of TCE, 1.0 nf CHO3/kg is

significantly higher than 0.0 and 0.5 nl OHC
3/kg are not significantly different.

he TCE levels are significantly differ

L.
CHCI 3/kg. 0.0 and 0.5 ni

128

P- VALUE
<0. 001

<0. 001
0. 025
0. 048

oo o0 Z

gni ficantly higher

at 0.5 n CHO 3/kg (p=0.003).
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BLOOD UREA NI TROGEN O L VEH CLES
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NMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 35 14. 37 <0. 001
EXP 1 1. 40
cHCl 3 2 8. 04 28. 22 <0. 001
TCE 1 2.71 9. 50 0. 005
CHClI 3 X TCE 2 2.19 7.68 0. 002
ERROR 29 0. 29

asased on Log(BUN)

BLOOD UREA NI TROGEN O L VEH CLE

NVEAN STANDARD
CHCI 3 (m/kg)a TCE (nml/kg)b (ng/dl) DEVI ATI ON N
0.0 0.0 20. 8 2.4 6
0.0 1.0 20.5 2.3 6
0.5 0.0 169.5 80.5 6
0.5 1.0 33.2 12.2 6
1.0 0.0 141.0 101.7 6
1.0 1.0 112.5 72.1 6

ain the absence of TCE 0.5 and 1.0 ml CHO 3/kg are i

than 0.0 m CHCI3/kg(p<0.05). 0.5 and 1.0 nf CHO'3/

significantly different. In the presence of TCE L. 8

Si n|f|can|yh|gher than 0.0 and 0.5 n 3/kg(p<0 05). 0.0 and 0.5 n
3kg are not 'significant.

3L0OD UREA NTROGEN  AQUEOUS VEHI CLES

VMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 3.67 0.008
EXP 1 0. 593
CHG 3 2 0.626 4.79 0.016
TCE 1 0. 693 5.30 0.029
CHCI 3 X TCE 2 0. 368 2.82 0.077
ERROR 28 0.131

asased on LOE BUN)
BLOOD UREA NI TROGEN AQUEQUS VEH CLE

CHCI 3 NMEAN STD TCE NVEAN STD
(Mikga (mid) DOEV N (rikg)  (ngd) DEV N
0.0 23.3 2.8 12 0.0 41.8 59.1 17
0.5 25.9 4.5 12 1.0 24. 4 3.9 18
1.0 50. 8 73.0 11

al.0m CHC3/kg is 5|gn|f|cantIY higher than 0.0 n
CHCI 3/kg (p<0.05). No other differences were significant.
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SERUf y* ALT 24 HR

SOURCE DF
OVERALL 35
EXP 1
CHCI 3 2
TCE 1
CHCI 3 X TCE 2
ERROR 29

asased on Log(ALT24)

SERUM ALT 24 HR

CHOI 3 (
0.0
1.0
0.0
1.0
0.0
1.0

PP O OO0OOo
o o ululo o3

Ikg)a TCE (m/kg)b

ain the absence of TCE 0.5 andl.Om CHC 3/kg

than 0.0 m CHO 3/ kg{ p<0. 05) .
significantly d|fferent In the presence of TCE, 0.5 and|

are si gn|f|can gher han 0.0
Ifferent (p<0.05).

are not significant Iy

O L VEH CLE®
VEAN
SQUARE F- VALUE
24. 80
0.03
7.95 51. 33
3.79 24. 44
1.67 10. 75
0. 15
O L VEH CLE
NVEAN STANDARD
(1UL) DEVI ATI ON
35.7 7.6
45.0 16.2
322.2 157.5
105. 2 65.9
284.0 175. 4
94.5 24.6
are S|gn ficantly
0.5and 1.0 i CHO3/K aroenqot

m CHCI3/kg. 0.5 and 1.0 n
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P- VALUE
<0. 001

<0. 001
<0. 001
<0. 001

o0 0000 Z

hi gher

[ kg

[kg

bThe TCE levels are S|gn|f|cant|y different at 0.5 CHO3/kg (p=0.001)

and 1.0 m CHC 3/kg (p=0.
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SERUM ALT 24 HR  AQUEQUS VEH CLEa
NVEAN
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SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 29 8.62 <0. 001
EXP 1 0. 60
CHCI 3 2 2.45 13. 89 <0. 001
TCE 1 2. 46 13. 97 0. 001
CHCI 3 X TCE 2 0. 86 4. 86 0. 017
ERROR 23 0.18
"Based on Log(ALT24)
SERUM ALT 24 HR  AQUEQUS VEHI CLE
MEAN STANDARD
CHCI 3 (m/kg)a TCE (m/kg)h (1uL) DEVI ATI ON N
0.0 0.0 37.0 8.7 6
0.0 1.0 41.0 13.7 5
0.5 0.0 179.8 110.0 6
0.5 1.0 57.8 17.3 6
1.0 0.0 124.0 48.5 3
1.0 1.0 56.5 15.8 4
SLn the absence of TCE 0.5 and 1.0 nt CHO 3/ky are significantly higher
than 0.0 m CHCI 3/ kg(p<0.05). 0.5 and 1.0 nl "CHOI3/kg are not
S|gn|[|cant|y differént. In the presence of TCE 0.5 and 1.0 m CHOI3/kg
ar S|gn.|f|,cant|>/ higher than 0.0 m CHCI3/kg. 0.5 and 1.0 m CHOI3/kg
are not“significantly drfferent.
bThe TCE levels are significantly different at 0.5 CHO3lkg (p=0.019)
and 1.0 " CHCI 3/ kg (p=0.052)
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SERUM ALT 48 HR O LVEH CLEa
NVEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 19.78 <0. 001
EXP 1 2.80

CHCI 3 2 39. 15 34. 86 <0. 001
TCE 1 29.03 25.85 <0. 001
CHCl 3 X TCE 2 11. 60 10. 33 <0. 001
ERROR 29 1.12

"Based on Log(ALT48)

SERUM AL”r 48 HR QO L VEH CLE

MEAN STANDARD
CHG 3 {mi/kg)a TCE (m/kg)b (1uL) DEVI ATI ON N
0.0 0.0 35.8 1.7 6
0.0 1.0 31.2 1.4 6
0.5 0.0 6961. 7 1853. 8 6
0.5 1.0 271.0 364.5 6
1.0 0.0 3802. 7 3294. 6 6
1.0 1.0 534.5 621.0 6
%the absence of TCE, 1.0 nt CHOI3/kg is significant Ig | ower than 0.5 n
13/kg {p<0.05), 0.5 m CHCI 3k |SS|gn|f|cant| | gher hn00m
CHO 3/kg (p<0.05) and 1.0 i CHC /%|SS|gn||can Ym her_t hn00m
CHG 3/ kg (p<0.05). In the presence 0 CHG 3/kg are
(s:lt&nmcantly hi gher than 0.0 m CHCI 3/ kg(p<0.05). 0.5 and 1.0
3/kg are not Significantly different.

g
"The TCE levels are significantly different at 0.5 CHO 3l kg (p<0.001).
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SERUM ALT 48 HR  AQUEQUS VEHI CLEa
VMEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 8.42 <0. 001
EXP 1 0.22

CHCI 3 2 0. 56 7.25 0. 003
TCE 1 2.29 29.52 <0. 001
CHCl 3 X TCE 2 0. 36 4.57 0. 019
ERROR 28 0. 08

"Based on Log(ALT48)

SERUM ALT 4<3HR AQUEOUS VEHI CLE

MEAN STANDARD
CHCOI 3 (mi/kg)a TCE {m/kg)b (1UL) DEVI ATl ON N
0.0 0.0 36.5 4.5 6
0.0 1.0 30.2 3.5 6
0.5 0.0 46.3 14.5 6
0.5 1.0 28.3 2.2 6
1.0 0.0 94.6 80.2 5
1.0 1.0 32.3 4.1 6
a In the absence of TCE, 1.0 ml CHO3/kg is significantly h|gher than 0.5
and 0.0 CI-ICI3/kg(P<0 05). 0.0 and 0.5 m CHCI3/kg are not
s;gmhcantl)( differen In he presence of TCE, there were no significant
differences 1n the CHC 3 eve S.
bThe TCE | eve Isae3|gn|f|cant|y different at 0.5 m CHCI3/kg (p=0.007)
and 1.0 m CHC 3/ kg (p=0.005)
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SERUM BI LE ACIDS 24 HR O L VEH CLES

VMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 21 6. 17 0. 002
EXP 1 1.13
CHCI 3 2 4.21 5.90 0.013
TCE i 8.83 12. 38 0. 003
CHCI 3 X TCE 2 4.22 5.91 0.013
ERROR 15 0.71

"Based on Log(BAC24)

SERUM BILE ACIDS 24 HR 0 L VEH CLE

NVEAN STANDARD
CHOI3 (m/kg)a TCE (m/kg)b (unfL) DEVI ATI ON N
0.0 0.0 24.8 20. 7 4
0.0 1.0 31.8 17.6 4
0.5 0.0 296. 3 263. 2 4
0.5 1.0 59.5 43. 3 4
1.0 0.0 223.0 166. 6 4
1.0 1.0 14.0 14. 1 2

a Inthe absence of TCE, 0.5 and 1.0l CHOI3/ kgmre significantly higher

than 0.0 m CHC|3/kg(p<0 05). 0.5 and 1.0 n [kg are not

S|9n|f|can |¥ eren In he presence of TCE, there were no significant
ferences 1n the eve S.

t>The TCEIeveIsaeS|gn|f|can ly different at 0.5 m CHO3kg (p=0.038).
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SERUM BI LES ACID 48 HR O LVEHI CLEa

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 13.71 <0. 001
EXP 1 1.60
CHCI 3 2 23.90 25.23 <0. 001
TCE 1 10. 34 10. 92 0. 003
CHCI 3 X TCE 2 7.32 7.73 0. 002
ERROR 28 0. 95

aSased on Log(BAC48)

SERUM BILE ACIDS 48 HR 0 L VEHI CLE

MEAN STANDARD

CHO 3 (n/kg)a TCE (m/kg)h (und L) DEVI ATl ON N
0.0 0.0 14.5 5.9 6
0.0 1.0 21.6 7.3 5
0.5 0.0 1054. 2 654.1 6
0.5 1.0 132.0 157.5 6
1.0 0.0 848. 2 543. 2 6
1.0 1.0 122.3 92.5 6

a In the absence of TCE, 0.5 and 1.0 nl CHC 3 k are 5|gn| | cantly higher

t han 0 0 n C|-|C|3/kg$p<0 05). 0.5 and 1 g are not

S| gpL rle %ggts Ynd|tfhfeercekniC 3Ilneveq presence of TCE, there V\E e no significant

5

S
bThe TCE | evel s are3|%n|f|can ¥d| erent at 0.0 m CHA3/kg (p=0.018),
0.5m CHCO3/kg (p=0.041) and 1.0 m CHCI 3/ .001).
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URI NE AST 36 HR AQUEQUS VEHI CLES

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 12.12 <0. 001
EXP 1 0.54
CHCI 3 2 7.86 13.73 <0. 001
TCE 1 17.51 30. 60 <0. 001
CHClI 3 X TCE 2 3.69 6. 44 0. 005
ERROR 28 0.57

asased on Log( NAST36)

URI NE AST 36 HR AQUEOUS VEHI CLE

VEAN STANDARD
CHO3 (m/kg)a TCE (m/kg)b (IU1OmCRE) DEVIATION N
0.0 0.0 0. 13 0.08 6
0.0 1.0 0.11 0.10 6
0.5 0.0 0. 87 0.93 6
0.5 1.0 0.16 0.10 5
1.0 0.0 2.63 2.68 6
1.0 1.0 0. 15 0. 05 6
ain the absence of TCE, 1.0 m CHCOI3/kg is 3|gin|f|cant|y higher than 0.5
m CHO 3/ kg gp<0 05), 0.5 m CHCI3/kg is signiticantly higher than 0.0 n
CHO 3/ kg (p and 1.0m CHO3/kg is significantly higher than 0.0 m
C|-|C|3/kr9 Sp<00 n the presence of TCE, there were no significant
differences in the CHCISI Is
bThe TCE levels are S|gn|f antly different at 0.5 m CHOI3/kg (p=0.021)
and 1.0 m CHC 3/kg (p<0.001).
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URI NE AST 36 HR O L VEH CLES

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 34. 77 <0. 001
EXP 1 <0. 01
CHCI 3 2 12.18 36. 17 <0. 001
TCE 1 25.74 74. 45 <0. 001
CHCl 3 X TCE 2 10. 08 29.92 <0. 001
ERROR 29 0.34

aeased on Log( NAST36)

URINE AS1r 36 HR O L VEH CLE

MEAN STANDARD

CHO3 (n/kg)a TCE (m/kg)b (1U1OmCRE) DEVIATI ON N
0.0 0.0 0.12 0.07 6
0.0 1.0 0.16 0. 06 6
0.5 0.0 2.75 0.06 6
0.5 1.0 0.16 0.07 6
1.0 0.0 3. 46 1.87 6
1.0 1.0 0.29 0.28 6

L the absence of TCE, 0.5 and 1.0 m CHOI3/kg are S|gn|f|cant|{ hi gher

an 0.0 nt CHCI3/kg. 0.5 and 1.0 nt CHCI3/kg are not Significantly

d| fferent (p<0.05).

In he  presence of TCE, there were no significant differences in the

bThe TCEIeveIs are 3|gn|f|can ly different at 0.5 m CHCI3/kg (p<0.001)
and 1.0 M CHCI 3/kg {p<0.001).


NEATPAGEINFO:id=0B8F946B-15BB-490F-9CAA-8200639F8EA8


138

URI NE AST 48 HR AQUEQUS VEHI CLES

VMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 29 5.18 0. 002
EXP 1 <0.01
CHCI 3 2 5.48 6.14 0. 007
TCE 1 5.90 6. 60 0. 017
CHClI 3 X TCE 2 3.36 3.76 0. 039
ERROR 23 0. 89

asased on Log(NAST48)

URI NE AST 48 HR AQUEQUS VEHI CLE

VEAN STANDARD
CHCI3 (m/kg)a TCE {m/kg)b (I U IOWCRE) DEVIATICON N
0.0 0.0 0.16 0.10 6
0.0 1.0 0.14 0.05 5
0.5 0.0 0. 89 0. 80 6
0.5 1.0 0. 59 0. 62 3
1.0 .0 2.95 3.77 6
1.0 1.0 0.20 0.17 4

ain the absence of TCE, 0.5 and 1.0 ml CHO 3/kg are significantly higher
than 0.0 m CHC 3/kg(p<0.05). 0.5 and 1.0 m "CHCOI 3/kg are not

significantly different. o . .
llgvetlfle presence of TCE, there were no significant differences in the CHOI3

bThe TCE levels are significantly different at 1.0 nt CHA3 kg (p=0.033).
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URI NE AST 48 HR O LVEH CLEa

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 32 24.12 <0. 001
EXP 1 0.01
CHCI 3 2 14.11 36.91 <0. 001
TCE 1 14. 66 38. 35 <0. 001
CHCI 3 X TCE 2 4.83 12. 62 <0. 001
ERROR 26 0.38

"Based on Log( NAST48)

URI NE AS1lr 48 HR O L VEH CLE

NVEAN STANDARD

CHO3 (m/kg)a TCE (m/kg)b (IU1OmCRE) DEVIATION N
0.0 0.0 0.19 0.07 6
0.0 1.0 0.27 0.32 4
0.5 0.0 4.00 1.22 6
0.5 1.0 0.33 0.24 6
1.0 0.0 3.74 1.85 5
1.0 1.0 0.92 0.34 6

ain the absence of TCE, 0.5 and 1.0 m CHCI3/kg are significantly higher
than 0.0 m CHO 3/kg(p<0.05). 0.5 and 1.0 m CHC 3/kg are not
significantly different.

In the presence of TCE, 1.0.m CHOI3/kg is significantly higher than 0.0

t
and 0.5 m CHO 3/kg(p<0.05). 0.0 and 0.5 nf" CHCI 3/kg are not
significantly different,

bThe TCE levels are significantly different at 0.5 m CHO3/kg (p<0.001)
and 1.0 m CHC 3/kg (p=0.003).


NEATPAGEINFO:id=991F5C29-3CC3-4B4C-8739-AF2D9124522A


URINE LDH 24 HR AQUEQUS VEH CLE"
NVEAN

SOURCE DF SQUARE F- VALUE
OVERALL 33 15. 67
EXP 1 0.28

CHCI 3 2 3.20 20. 65
TCE 1 2.39 15. 44
CHCI 3 X TCE 2 2.34 15. 12

ERROR 27
~"Based on Log( NLDH24)

URI NE LDH 24 HR AQUEQUS VEHI CLE

MEAN STANDARD
CHO3 {m/kg)a TCE (m/kg)b (1U1OmCRE) DEVIATION
0.0 0.0 0.31 0.08
0.0 1.0 0.49 0.05
0.5 0.0 2.41 L7l
0.5 1.0 0.58 0.11
1.0 0.0 141 0.59
1.0 1.0 0.60 0.15

}7 the absence of TCE, 0.5 and 1.0 ml CHQ3/kg are s
an 0.0 m CHO'3/kg(p<0.05). 0.5 and 1.0 m CHCI3/
5|gn|f|cant|y different.

|
kg are not

In he  presence of TCE, there were no significant differences in the

vel's
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P- VALUE
<0. 001

<0. 001
<0. 001
<0. 001

oo Mo OO Z

gnificantly higher

bThe TCEIeveIsaeS|gn| |cant|1y different at 00n1 CHCI 3/ kg (p=0.006),

06) and .0 m CHCI 3/kg (p=0.006).

0.5m CHC3/kg (p=0
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URINE LDH 24 HR O LVEH CLEa
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MEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 28 7.93 <0. 001
EXP 1 0.14

CHCI 3 2 0.25 3.91 0. 035
TCE 1 0.51 7.96 0. 010
CHCI 3 X TCE 2 0.34 5. 37 0.013
ERROR 22 0. 06

SBased on Log( NLDH24)

URINE LDH 24 HR O L VEH CLE

VMEAN STANDARD
CHO3 (m/kg)a TCE (m/kg)b (1U1OmCRE) DEVIATION N
0.0 0.0 0.42 0.11 6
0.0 1.0 0.45 0.05 6
0.5 0.0 1.02 0.33 6
0.5 1.0 0.42 1
1.0 0.0 0.62 0.17 6
1.0 1.0 0.52 0.12 4

%t he absence of TCE, 1.0 m CHO3/kg |55|gn|f|cantlxlower than 0.5 m
3k E 0<0.05), 0.5 ni CHCI3/kg|SS|gn|f|can |y higher than 0.0 nf
CHO 3/ kg (p<0 05) and 1.0 n CHCI3/kg i's significanitly higher than 0.0 ni

CHCI 3/Kg '(p<0. 05) .

In the presence of TCE there were no significant differences in the CHO3
bThe TCE levels are significantly different at 0.5 m CHO3lkg (p=0.050).


NEATPAGEINFO:id=5E4FD85D-8921-4E66-8682-F0C206750E95


SOURCE
OVERALL
EXP
TCE
CHCI 3
VEHI CLE
TCE X CHCI 3
TCE X VEH
VEH X CHCI 3

TCE X CHCI 3 X VEH

ERROR

aBased on Log{ NLDH36)

CHOI 3 (/K TCE (nt/kg)t>
O(l0 9)a (e.og)

0.0
0.5
0.5
1.0
1.0

F the absence of TCE, 0.5 and 1.0 m CHO3/kg are
an 0.0 m CHOI 3/ kg( p<0. 05).

5|gn|f|cant|y different.

1.0
0.0
1.0
0.0
1.0

TNNPNEN e~ e N %

UR NELDH 36 HRa
NEAN
SQUARE

8.03
14. 96
13. 36

1.03
. 20
29
56
13
29

cooouwu

URI NE LDH 36 HR
NVEAN
(I U | OnyCRE)
0.31
0. 34
2.45
0.56
3.98
0. 58

0.5and 1.0 el CHCI3/kg are not

E-

STANDARD
DEVI ATl ON

S
I

VAL UE
18. 28

52. 28
46. 66
3. 60
18.19
1.00
1.95
0.44

0.13
0.12
1.89
0.21
3.72
0. 26
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P- VALUE
<0. 001

<0. 001
<0. 001
0. 063
<0. 001
0. 322
0.151
0. 647

N
12
12
12
12
12
12

ignificantly higher

In the %resence of TCE, 0.5 and L0 m CHCI3/kg are S|gn|f|cant|y hi gher

han 0.
5|gn|f|cant|y different.

M OHO! 3/ kg{p<0. 05)

0.5 and 1.0 n "CHCI 3/kg are not

bThe TCE |evels are S|gn|f|cant|y different at 0.5 m CHO3/kg (p<0.001)
and 1.0 m CHC 3/kg (p<0.
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URI'NE LDH 48 HR AQUEOUS VEH CLEa

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 10.91 <0. 001
EXP 1 0.44
CHCI 3 2 4.48 10. 28 <0. 001
TCE 1 11. 32 25. 96 <0. 001
CHClI 3 X TCE 2 3.40 7.79 0. 002
ERROR 28 0. 44

asased on Log( NLDH48)

URI NE LDH 48 HR AQUEOQUS VEHI CLE

MEAN STANDARD

CHA3 (m/kg)a TCE (m/kg)b (1WI1OWCRE) DEVIATION N
0.0 0.0 0.33 0.03 6

0.0 1.0 0.32 0. 03 6

0.5 0.0 1.52 1.30 6

0.5 1.0 0. 38 0.14 6

1.0 0.0 4.50 3.00 6
1.0 1.0 0.57 0. 64 5

a|n the absence of TCE, 1.0 m CHCI3/kg IS 5|gn|f|cant|?< hi gher than 0.5
CHC|3 kg gp<00), 0.5 CHQ /kg| si.gnificantly higher than 0.0 n
l— d1.0nt CHU3/kg is significantl’y higher than 0.0 n
ISIK% p<0. 05) .

[n.t heé)resence of T CE, there were no significant differences in the
vel's (p<0.05

AThe TCEIeveIs i mgmficantly different at 0.5 m CHO3/kg (p=0.01L)
and 1 CHG 3/'kg (p=0.007).

v
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URI NE LDH 48 HR O LVEH CLEa
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NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 34 32.17 <0. 001
EXP 1 0.20
CHCl 3 2 17.50 61.51 <0. 001
TCE 1 13. 26 46. 61 <0. 001
CHCI 3 X TCE 2 3.81 13. 38 <0. 001
ERROR 28 0.28
"Based on Log( NLDH48)
URI NE LDH 48 HR O L VEH CLE
NVEAN STANDARD
CHO 3 {nmi/kg)a TCE (m/kg)t> (IUIOmCRE) DEVIATION N
0.0 0.0 0.29 0.10 6
0.0 1.0 0.30 0.12 6
0.5 0.0 6. 36 2.14 6
0.5 1.0 0.81 0.39 6
1.0 0.0 6.24 3.33 5
1.0 1.0 1.34 0.81 6

3n the absence of TCE, 0.5 and 1.0 ml CHCOI3/kg are significantly higher

than 0.0 ni CHCI3/kg(p<0 05).

0.5and 1.0 m CHC3/kg are not

5|gn|f|cant|y different.

he %resence of

CHO 31 kg(p<0. 05).

TCE, 0.5 and 1.0 m CHC 3/ kg are3|gn|f|can|yh|gher
0.5 and 1.0 m "CHCL3/kg are not

5|gn|f|cant|y different.

bThe TCE Ievels a g S|gn|f|ca
(=0. 006

and 1.0 m 3 kg

51t|y different at 0.5 m CHOI3(kg (p<0.001)


NEATPAGEINFO:id=FBE99611-2A34-4A33-AC91-CE50B1693E31


SOURCE
OVERALL
EXP
TCE
CHCI 3
VEHI CLE
TCEXCHCI 3
TCE X VEH
VEH X CHCI 3
TCE X CHClI 3 X VEH
ERROR

aBased on LOG NALT36)

DF
58

1
1
2
1
2
1
2
2

46

URI NE ALT 36 HR a
NVEAN

SQUARE

SoocopNRrRrO

.28

39
01
46
36
36
19

.17
.19

URI NE ALT 36 HR

NVEAN

CHCI3 (m/kg)a TCE (m/kg)b (11U OngCRE)

0.0 6.0 0.1

0.0 1.0 0. 15

0.5 0.0 0. 22

0.5 1.0 0. 14

1.0 0.0 0. 35

1.0 1.0 0.17
ain the absence of TCE, 0.5 and 1.0 m CHCl3/kg are
than 0.0 m CHO 3/kg(p<0.05). 0.5 and 1.0 m qTG

di

S|9n|f|can ly d|fferen In the presence of TCE,
ferences 1n the CHCOI'3 levels.
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F- VALUE P- VALUE
4.28 <0. 001
7.35 0. 009
5.35 0. 008

13. 02 0. 001
7.18 0. 002
1.90 0.175
0.99 0. 379
0.92 0. 407

STANDARD

DEVI ATI ON N

0. 04 11

0. 06 9

0. 09 10

0. 06 10

0. 29 10

0.14 9
significantly higher
3/kg are not

e were no significant

bThe TCE levels are significantly different at 0.5 m CHOI3/kg (p=0.025)

and 1.0 m CHC 3/ kg (p=0.018).
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UR NEALT48 HRa

NMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 71 3.28 0. 002
EXP 1 0. 89
TCE 1 2.10 5. 20 0. 027
CHCI 3 2 2.46 6. 10 0. 005
VEHI CLE 1 2.11 5.23 0. 027
TCEXCHC 3 2 1.15 2.85 0. 068
TCE X VEH 1 0.33 0. 83 0. 367
VEH X CHCI 3 2 0.28 0. 69 0. 509
TCE X CHCI 3 X VEH 2 0.73 1.79 0.178
ERROR 59
aSased on LOG NALT48)
URI NE ALI"48 HR
CHCI 3 MEAN  STD TCE MVEAN STD
(m/kg)a (1U1l0ng  DEV N (m/kg) (1U10 g DEV N
CRE) CRE)
0.0 0.16 0.10 24 0.0 0.41 0.57 36
0.5 0,36 0.29 24 1.0 0.22 0.20 36

1.0 0.47 0.73 24

a05and 1.0n G{ISIk%e significantly higher than 0.0 m CHC 3 kg
(p<0.05). 0.5 and 1.0 M CHO3/kgare not si'gnificantly different,
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SOURCE
OVERALL
EXP
TCE
CHCI 3
VEHI CLE
TCE X CHCI 3
TCE X VEH
VEH X CHC 3
TCE X CHClI 3 X VEH
ERROR

aBasedonLog{ NTPR1

CHCI3 (nm/kg)a TCE (

(m
6.0
0.0
0.5
0.5

1.0
1.0

Mn the absence of TCE, there were no significant differences in the

CHCI 3 | evel s.

2)

TOTAL PROTEIN 12 HR
NVEAN
(nmy/ ng CRE)
0.
. 008
. 008
. 007

I kg) b
0.0

1.0
0.0
1.0
0.0
1.0

TOTAL PROTEI N 12HRa
MEAN

DF

NDNEFENPRNP

()}
©

SQUARE

©cooooooonN

© 0o o oo

05
37
04
57
37
14
20

.03
. 07

007

009
007

F- VALUE

5.

STANDARD
DEVI ATI ON

oNNUG OO

46

49

. 68

42

. 50
.05

94
38

0. 002
0. 003
. 003
001
. 003
. 003

o o o o
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P- VALUE
<0. 001

. 023
. 510
. 005
. 007
. 157
. 060
. 689

O OO o OoOOoOo

12
12
12
12
12
12

In the presence of TCE, 1.0 m CHCI3/kg is significantly lower than 0.0
CHC 3/ kg (p<0.05). No other differences were significant.

bThe TCE levels are significantly different at 1.0 nt CHOI3/kg (p=0.006).


NEATPAGEINFO:id=FBF64EA5-2B6F-4C19-B7A2-8EA14988EA8D


TOTAL PROTE N 24 HRS AQUEQUSVEHI CL £3

SOURCE DF
OVERALL 35
EXP 1
CHCI 3

TCE 1
CHCI 3 X TCE 2
ERROR 29

asased on Log( NTPR24)

TOTAL PROTEI N 24

CHCI3 NMEAN  STD

(mlkg)a (m9/ny DEV
CRE)

0.0 0.009 0.002

0.5 0. 005 0. 002

1.0 0. 008 0. 002

N

12
12
12

NMEAN

SQUARE

26
46
03
54
22

©cooro

TCE
(n/kg)

0.0
1.0

F- VALUE

3.27

6. 66
0.16
2.47

NMEAN

(mo/ ny

CRE)
0.008
0.007

P- VALUE

0. 014

0. 004
0. 694
0. 102

HRS AQUEQUS VEHI CLE

STD
DEV

0.003
0.002

a0.5 m CHC 3/kg is significantly lower than 0.0 and 1.0 m CHCl 3/ kg
(p<0.05). 0.0 and 1.0 m CHCI3/kg are not significantly different.

18
18

148
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TOTAL PROTE N 36 HR AQUEOQUS VEHI CLEa

VMEAN
SOURCE DP SQUARE F- VALUE P- VALUE
OVERAL L 35 11. 82 <0. 001
EXP 1 0. 03
CHCI 3 2 0.25 4.20 0. 025
TCE 1 2.86 47.06 <0. 001
CHCI 3 X TCE 2 0. 45 7.45 0. 002
ERROR 29 0. 06

~"Based on Log( NTPR36)

TOTAL PROTEI N 36 HR AQUEOUS VEHI CLE

NMEAN STANDARD
CHCOI3 (m/kg)a TCE (mM/kg)b  (mg/nmg CRE)  DEVIATION N
0.0 0.0 0. 008 0. 004 6
0.0 1.0 0. 006 0. 001 6
0.5 0.0 0.010 0. 002 6
0.5 1.0 0. 005 0. 000 6
1.0 0.0 0. 004 0. 003 6
L0 1.0 0. 006 0. 001 b 1

ain the absence of TCE, 1.0 m CHCI3/kg is significantly different than 0.0
m CHCI 3/ kg. No other differences were significant.

In the presence of TCE, there were no significant differences in the CHC3
level s (p>0.05).

bThe TCE levels are significantly different at 0.5 m CHQO3/kg (p<0.001)
and 1.0 ni CHC 3/kg (p<0.001).
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TOTAL PROTEI N 36 HR O L VEHI CLEa

VMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 35 24.52 <0. 001
EXP 1 1.083
CHCI 3 2 0.31 5.52 0. 009
TCE 1 2.71 48. 38 <0. 001
CHClI 3 X TCE 2 1.94 34. 68 <0. 001
ERROR 29 0. 06

~"Based on Log( NTPR36 )

TOTAL PROTEIN 36 HR O L VEH CLE

NMEAN STANDARD
CHCI 3 (m/kg)a TCE (m/kg)b (nmy/ng CRE)  DEVIATION N
0.0 0.0 0.007 0.001 6
0.0 1.0 0.010 0. 002 6
0.5 0.0 0.018 0. 006 6
0.5 1.0 0. 007 0.002 6
1.0 0.0 0.017 0.007 6
1.0 1.0 0. 006 0.003 6

ain the absence of TCE, 0.5 and 1.0 m CHCI 3/ kg are significantly higher
than 0.0 m CHCI 3/ kg(p<0.05). 0.5 and 1.0 m CHCI 3/ kg are not
significantly different.

In the presence of TCE, 0.5 and 1.0 m CHCI 3/ kg are significantly |ower
than 0.0 m CHC 3/ kg(p<0.05). 0.5 and 1.0 m CHCl 3/ kg are not
significantly different.

bThe TCE levels are significantly different at 0.0 mf CHCI3/kg (p<0.001),
0.5 m CHO3/kg (p<0.001) and 1.0 nmf CHCI 3/kg (p<0.001).
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TOTAL PROTEIN 48 HR O LVEH CLEa

NMEAN
SOURCE DP SQUARE F- VALUE P- VALUE
OVERALL 33 33. 96 <0. 001
EXP 1 0. 06
CHCI 3 2 0. 85 19.01 <0. 001
TCE 1 3.48 78. 01 <0. 001
CHCl 3 X TCE 2 2.03 45. 54 <0. 001
ERROR 27 0.04

asased on Log( NTPR48)

TOTAL PROTEIN 48 HR O L VEH CLE

NMEAN STANDARD
CHO 3 (m/kg)a TCE (m/kg)b (nmo/mg CRE)  DEVIATION N
0.0 0.0 0.007 0. 000 6
0.0 1.0 0.009 0.002 6
0.5 0.0 0. 026 0. 005 6
0.5 1.0 0.007 0.001 6
1.0 0.0 0.019 0. 005 5
1.0 1.0 0. 008 0. 002 5

3In the absence of TCE, 1.0 m CHCI3/kg is significantly lower than 0.5 m
CHCI 3/ kg (p<0.05), 0.5 m CHCI3/kg is significantly higher than 0.0 n
CHCI 3/ kg (p<0.05) and 1.0 m CHCI3/kg is significantly higher than 0.0 m
CHCI 3/ kg (p<0.05).

In the presence of TCE, there were no significant differences in the CHC 3
| evels.

bThe TCE levels are significantly different at 0.0 mt CHCI3/kg (p=0.002),
0.5 m CHC 3/kg (p<0.001) and 1.0 m CHCI 3/ kg (p=0.003).
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TOTAL PROTE N 48 HR AQUEOUS VEHI CLEA

VEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 34 3.11 0. 018
EXP 1 0.16
CHCI 3 2 0. 44 2.87 0. 073
TCE 1 0. 55 3.60 0. 068
CHCI 3 X TCE 2 0.58 3.80 0. 035
ERROR 28 0.15

asased on Log( NTPR48)

TOTAL PROTEIN 48 HR AQUEOUS VEHI CLE

NVEAN STANDARD
CHOI3 (m/kg)a TCE {m/kg)b (ng/ng CRE)  DEVIATION N
0.0 0.0 0. 008 0. 002 6
0.0 1.0 0. 008 0. 001 6
0.5 0.0 0. 008 0. 004 6
0.5 1.0 0. 008 0. 003 6
1.0 0.0 0. 019 0. 015 6
1.0 1.0 0. 008 0. 003 5

ain the absence of TCE, 1.0 m CHCI3/kg is significantly different than 0.0
and 0.5 m CHCI 3/k (p<0 05). 0.0 and 0.5 m CHCI3/kg are not
significantly dlfferent

En Hhe presence of TCE, there were no significant differences in the CHC 3
evel s

t>The TCE levels are significantly different at 1.0 nt CHCI3/kg (p=0.050).
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URI NE CREATI NI NE 6 HR

NEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 71 2.94 0. 003
EXP 1 4140
TCE 1 3226 7.70 0. 007
CHCI 3 2 2033 4. 85 0.011
VEHI CLE 1 1241 2. 96 0. 091
TCE X CHCl 3 2 486 1.16 0. 321
TCE X VEH 1 70 0.17 0. 684
VEH X CHCI 3 2 508 1.21 0. 305
TCE X CHCI 3 X VEH 2 15 0. 04 0. 964
ERROR 59 419
URI NE CREATI NI NE 6 HR

CHCI 3 NMEAN STD TCE NMEAN STD
(M/kg)a (mo/dl) DEV N (m/kg) (ng/dl) DEV N

0.0 74.2 21.5 24 0.0 57.9 24.0 36

0.5 55.8 18.4 24 1.0 71.3 21.4 36

1.0 63.7 27.4 24

a0.5m CHO3/kg is significantly lower than 0.0 m CHC 3/kg (p<0.05).
No other differences were significant.
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URI NE CREATI NI NE 12 HR AQUEQUS VEH CLEa
MEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 10. 47 <0. 001
EXP 1 CGET

CHCI 3 2 0. 84 12.74 <0. 001
TCE 1 0.10 1.46 0. 237
CHCl 3 X TCE 2 1.17 17. 68 <0. 001
ERROR 29 0. 07

aBasedonLog( CRE12)

URI NE CREATI NI NE 12HR AQUEQOUS VEHI CLE

MEAN STANDARD
CHO 3 {m/kg)a TCE (m/kg)h (ng/dl) DEVI ATl ON N
0.0 0.0 115.8 9.2 6
0.0 1.0 54,4 17.5 6
0.5 0.0 45.1 15.0 6
0.5 1.0 67.7 21.3 6
1.0 0.0 45,1 6.7 6
1.0 L0 48.9 6.4 6

ain the absence of TCE 0.5 and 1.0 m CHO3/kg are significantly |ower
than 0.0 m CHC 3/kg(p<0.05). 0.5 and 1.0 m CHC 3/kg are not
significantly different.

llgvetlile presence of TCE, there were no significant differences in the CHO3
bThe TCE levels are significantly different at 0.0 mf CHO3/kg p<0.001).


NEATPAGEINFO:id=60031E50-EC49-4FA7-AD47-138E32543119


URI NE CREATININE 12 HR O LVEH CLEa

NVEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 35 2. 46 0.048
EXP 1 0.12
CHCI 3 2 1.66 6. 97 0. 003
TCE 1 <0.01 0.01 0. 908
CHCI 3x TCE 2 0.03 0.14 0. 869
ERROR 29 0.24
aBasedonLog{ CRE12)

URI NE CREATINNE 12 HR O L VEHI CLE
CHCI 3 MEAN STD TCE MEAN STD
(m/kg)a (mog/dl) DEV N (m/kg)  (mg/dl) DEV N
0.0 115.0 27.9 12 0.0 79.6 36.7 18
0.5 67.5 34.6 12 1.0 86.0 42.4 18
1.0 65. 9 35. 4 12

ao.5 and 1.0 m CHC 3/kg ar
(p<0.05).

e significantly

| ower than 0.0 M CHCI 3/ kg
0.5and 1.0 mM CHCO3/kg are not significantly different.

URI NE CREATI NI NE 24 HR

VMEAN
SOURCE DF SQUARE

OVERALL 71
EXP 1 111
TCE 1 1106
CHCI 3 2 13660 '
VEHI CLE 1 250
TCE X CHCI 3 2 1118
TCEXVEH 1 81
VEH X CHCI 3 2 203
TCE X CHCI 3 X VEH 2 363
ERROR 59 438

URI NE CREATI NI NE 24 HR

CHCI 3 NVEAN STD
(m/kg)a (mg/dl) DEV
0.0 78.8 19.4
0.5 36.3 23.5
1.0 38.7 20.2
a 0.5 and 1 0m CHC|3/kg
(p<0.05). 0.5and 1.0 nt CHC

TCE
N (m/kg)
24 0.0
24 1.0
24
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F- VALUE P- VALUE
6.14 <0. 001
2.53 0.117

31. 20 <0. 001
0. 57 0. 453
2.55 0. 086
0.19 0. 669
0. 46 0.631
0.83 0. 441

VMEAN STD

(ngid)  DEV N

55.2 30.3 36

47.3 26.7 36

are ﬂwHMmHyermm00n1GOym
3kg are not significantly different.


NEATPAGEINFO:id=D3170861-3281-4354-8A81-81B46ED851F7
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URI NE CREATI NI NE 36 HR

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 71 9.73 <0. 001
EXP 1 10658
TCE 1 806 1.31 0. 256
CHCl 3 2 13592 22.03 <0. 001
VEHI CLE 1 21736 35. 39 <0. 001
TCExCHCI 3 2 1381 2.25 0.114
TCEXVEH 1 5083 8. 28 0. 056
VEHXCHCI 3 2 1609 2.62 0. 081
TCE X CHCI 3 X VEH 2 205 0.34 0.717
ERROR 59 614
UR NE CREATI NI NE 36 HR
CHCI 3 NVEAN STD TCE NVEAN STD
(m/kg)a (ny/dl) DEV N (mlkg) — (ng/dl) DEV N
0.0 117.7 30.1 24 0.0 87.3 35.1 36
0.5 73.2 32.0 24 1.0 94.0 42.8 36
1.0 81.1 39.8 24
30.5and 1.0 m CHO3/kg are significantly |ower than 0.0 M CHO 3/kg (p<0.05).
0.5and 1.0 M CHCI3/kg are not significantly different.

URI NE CREATI NI NE 48 HR

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 69 4. 46 <0. 001
EXP 1 3353
TCE 1 1342 1.85 0.179
CHCI 3 2 7396 10. 17 <0. 001
VEHI CLE 1 14057 19. 33 <0. 001
TCE X CHCI 3 2 497 0. 68 0. 509
TCE X VEH 1 1 0. 00 0.964
VEH X CHCI 3 2 1258 1.73 0. 186
TCE X CHCl 3 X VEH 2 868 1.19 0. 311
ERROR 57 727
URI NE CREATI NI NE48 HR

CHCI 3 NVEAN STD TCE NVEAN STD
(M/kg)a (mu/di)  DEV N (Mikg)  (mgrdl) DBV N

0.0 96. 8 23.0 24 0.0 73.7 34.2 35

0.5 62.4 28. O 24 1.0 81.7 34.1 35

1.0 73.7 41. 1 22

a0.5and 1.0m CHJ3kg are significantly different than 0.0 m CHO 3/kg
(p<0.05). 0.5 and 1.0 nt CHOI3/kg are not significantly different.


NEATPAGEINFO:id=4152B3B0-0577-4567-B14E-2BA860946E14
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UREA NI TROGEN 6 HR

NMEAN
SOURCE DF SQUARE F- VALUE P- VALUE 1

OVERAL L 71 2.37 0.014
EXP 1 115. 58

TCE 1 55. 06 1.22 0.274
CHCI 3 2 179. 58 3.98 0.024
VEHI CLE 1 210. 72 4.67 0. 035
TCE X CHCl 3 2 96. 42 2.14 0.127
TCE X VEH 1 170. 84 3.78 0. 057
VEH X CHCI 3 2 45. 05 1.00 0.375
TCE X CHClI 3 X VEH 2 45. 01 1. 00 0. 375
ERROR 59 45. 14

UREA NI TROGEN 6 HR
CHCI 3 NMEAN STD TCE MEAN STD
DEV N DEV N

(/kg)a (19 1 (kg (o

0.0 29.6 8.2 24 0.0 33.5 8.1 36
0.5 33.4 6.3 24 1.0 31.7 6.7 36
li.0 34.9 7.0 24

ai.Om CHCI3/kg is significantly higher than 0.0 M CHC 3/kg (p<0.05).
No ot her differences were significant.

UREA NI TROGEN 12 HR AQUECUSVEHI CL Ea

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 34 8. 66 <0. 001
EXP
CHCI 3 2 0.57 15. 94 <0. 001
TCE 1 0.29 8.14 0. 008
CHCI 3 X TCE 2 0.11 2.95 0. 069
ERROR 28 0.04

aBasedonLog( NUN12)

UREA NI TROGEN 12HR AQUEOUS VEHI CLE

CHCI 3 NVEAN STD TCE NMEAN STD

(my/ ny DEV N (m [ kg) (mg/ ng DEvV N
(m/kg)a UCRE) UCRE)
0.0 30.5 13.2 12 0.0 31.7 8.1 17
0.5 32.3 4.3 12 1.0 39.3 12.4 18
1.0 45.0 8.0 11

ai .0m CHO3/kg is.significantly higher than 0.0 and 0.5 m CHC 3/kg
(p<0.05). 0.0 and 0.5 m CHCI3/kg are not significantly different.


NEATPAGEINFO:id=484CFE94-AD05-411B-BA39-31EDD28D42DE


SOURCE
OVERALL
EXP

CHCI 3

TCE

CHCI 3 X TCE
ERROR

UREA NI TROGEN 12HR A LVEHI CLEa

DF
35
1

N =N

29

aBasedonLog( NUN12)

CHCl 3 MEAN
(my/ ng
(m/kg)a erE)
0.0 20.9
0.5 25.6
1.0 28.0

NEAN
SQUARE

<0.01
0.24
0. 36
0. 06
0.02

UREA Ni |l r ROGEN12HR O LVEHI C_E

STD

DEV N
1.5 12
6.5 12
4.9 12

TCE
(m/kg)

0.0
1.0
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F- VALUE P- VALUE
7.76 <0. 001
11.59 <0. 001
17. 23 <0. 001
3.08 0. 061
MEAN STD
(my/ my DEvV N
UCRE)
27.5 6.1 18
22.2 3.3 18

a0.5and 1.0 m CHCI3/kg are significantly higher than 0.0 m CHC 3/ kg
(p<0.05). 0.5 and 1.0 m CHCI3/kg are not significantly different.

SOURCE
OVERAL L

EXP

cHal 3

TCE

CHCI 3 X TCE
ERROR

CHCI3  NMEAN
(m/kg)a (”U%R”E%
0.0 35.7
0.5 30.0
1.0 40.1

DF

35
1
2
1
2

29

STD

DEV N
6.1 12
4.5 12
6.9 12

MEAN
SQUARE

262.91
303. 85
41. 45
8.45

28.52

TCE

(nt /kg)

0.0
1.0

F- VALUE
5.43

10. 65
1.46
0. 30

UREA NI TROGEN 24 HR AQUEOUS VEHI CLE

P- VALUE
0. 001

<0. 001
0. 236
0. 746

UREA NI TROGEN 24 HR AQUEQUS VEHI CLE

VMEAN STD

(nmg/ my DEV N
UCRE)

34.2 6.9 18

36.3 7.3 18

ao.5 m CHCOI3/kg is significantly lower than 0.0 and 1.0 ml CHC 3/ kg
(p<0.05). 0.0 and 1.0 M CHCI 3/kg are not significantly different..


NEATPAGEINFO:id=15542DB4-6A19-418E-B26A-A5CA3F38A8E4


SOURCE
OVERAL L
EXP

CHCI 3

TCE

CHCI 3 X TCE
ERROR

cHO'3  MEAN
(n/kg)a (mo/ng

UCRE)
0.0 26.8
0.5 28.0
1.0 32.2
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UREA NI TROGEN 24 HR O L VEHI CLE

NMEAN
DF SQUARE F- VALUE P- VALUE
35 5.54 0. 001
1 337. 86
2 98. 92 5.45 0. 010
1 22.09 1.22 0. 279
2 23.12 1.27 0. 295

29

UREA NAROGEN 24 HR O L VEH CLE

STD TCE NVEAN STD

DEV N (m / kg) (ng/ ny DEV N
UCRE)

3.5 12 0.0 29.8 7.0 18

4.2 12 1.0 28.2 4.1 18

7.4 12

al .0m CHO3/kg is significantly higher than 0.0 and 0.5 m CHCI 3/ kg
(p<0.05). 0.0 and 0.5 m CHCI3/kg are not significantly different.


NEATPAGEINFO:id=087840DD-44E0-447A-8CD9-C5DD7CF7A295
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UREA NI TROGEN 36 HR AQUEQUS VEHI CLE

NMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 8.18 <0. 001
EXP 1 214,98
CHCI 3 2 122.51 7.86 ~ 0. 002
TCE 1 28.44 1.83 0. 187
CHCI 3 X TCE 2 138. 05 8.86 0. 001
ERROR 29 15. 58
UREA NI TROGEN 36 HR AQUEQUS VEHI CLE
NVEAN STANDARD
CHO'3 (ni/kg)a TCE (nf/kg)b (ny/mg UCRE) DEVI ATI ON N
0.0 0.0 25.33 5.70 6
0.0 1.0 28.08 3.13 6
0.5 0.0 28.97 3.82 6
0.5 1.0 30.50 3.54 6
1.0 0.0 37.87 5.42 6
1.0 1.0 28.29 5.88 6

3|n the absence of TCE, 1.0 m CHCI3/kg is significantly higher than 0.0
and 0.5 m CHG 3/kg{p<0.05). 0.0 and 0.5 m CHCI 3/kg are not
significantly different,

IIn tlhe presence of TCE, there were no significant differences in the CHC 3
evel s.

bThe TCE levels are significantly different at 1.0 m CHC 3/kg (p=0.007).


NEATPAGEINFO:id=F81D5044-ED89-4776-B4B2-867739CB6439
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UREA NI TROGEN 36 HR O L VEH CLE

MEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 35 7.12 <0. 001
EXP 1 102. 99

CHCI 3 2 399. 59 14. 62 <0. 001
TCE 1 76. 94 2.82 0. 104
CHCI 3 X TCE 2 93. 83 3.44 0. 046
ERROR 29 27.31

UREA NI TROGEN 36 HR O L VEHI CLE

NMEAN STANDARD
CHO'3 (mikg)a TCE (m/kg)b (mg/mg UCRE) DEVI ATION N
0.0 0.0 22.2 3.3 6
0.0 1.0 25.5 2.3 6
0.5 0.0 25.9 2.6 6
0.5 1.0 34.2 4.6 6
1.0 0.0 36. 8 11. 4 6
1.0 1.0 34.0 3.0 6

3 In the absence of TCE, 1.0 m/kg CHO3 is significantly higher than 0.0
and 0.0 are not significantly different.
k

and 0.5 m/kg CHCI 3. (p<0.05). 0.5 an
In the presence of TCE, 0.5 and 1.0 m/kg CHCI 3 are significantly higher
than 0.0 m/kg CHCI 3. (p<0.05). 0.5 and 1.0 m/kg CHCI 3 are not

significantly different.

bCHCI 3 and TCE interact significantly at 0.5 mi/kg CHCO3 (p=0.003).


NEATPAGEINFO:id=4742DA0D-48AD-4DE9-A889-F56EDA84AFE8
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PH 6HR AQUEOUS VEHI CLE

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 6. 60 <0. 001
EXP 1 <0.01
CHCI 3 2 1.27 4.59 0. 019
TCE 1 6.19 22.32 <0. 001
CHClI 3 X TCE 2 1.21 4. 36 0. 022
ERROR 29 0. 28
pH 6HR AQUEOUS VEHI CLE
STANDARD
CHCI3 (m/kg)a TCE (m/kg)b MEAN DEVI ATI ON N
0.0 0.0 8.34 0.34 6
0.0 1.0 6.78 0.63 6
0.5 0.0 1.25 0.41 6
0.5 1.0 6.82 0.47 6
1.0 0.0 7.21 0.49 6
1.0 1.0 6.71 0.68 6

ain the absence of TCE, 0.5 and 1.0 M CHCO3/kg are significantly | ower
than 0.0 m CHO 3/kg(p<0.05). 0.5 and 1.0 m CHCI3/kg are not
significantly different,

In the presence of TCE, there were no significant differences in the CHUI3 |evels.

n
bThe TCc levels are significantly different at 0.0 nl CHCI3/kg (p=0.001).


NEATPAGEINFO:id=5B6671F5-F523-4AE0-9727-5E3A14C934BF
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pH 6HR O LVEH CLE

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 5.44 <0. 001
EXP 1 GET
CHCI 3 2 4. 44 15. 15 <0. 001
TCE 1 0.21 0. 70 0. 409
CHCI 3 X TCE 2 0.24 0. 82 0. 452
ERROR 29 0.29

pH 6HR O L VEH CLE

cHCl 3 STD TCE STD
(m/kg)a MEAN DEV N (n/kg) NMEAN DEV N
0.0 7.88 0.57 12 0.0 7.26 0.70 18
0.5 6. 89 0.47 12 1.0 7.11 0.75 18
1.0 6.77 0.54 12

a0.5and 1.0 nl CHC SIk%_Ure Signi |cant|y | ower than 0.0 m CHCI 3/ kg
(p<0.05). 0.5 and 1.0 3lkg are not significantly different.


NEATPAGEINFO:id=DF6CCC39-8B5C-4530-AEE0-27CC351F81CE


164

pH 24 HR O LVEHCLEa

NMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 9.55 <0. 001
EXP 1 0. 001
CHCI 3 2 0. 064 22.48 <0. 001
TCE 1 0. 004 1.24 0.274
CHCl 3 X TCE 2 0. 016 5.51 0. 009

ERROR 29
aBased on LOGE pH24)

pH 24 HR O LVEH CLE

STANDARD
CHCI3 (m/kg)a TCE (m/kg)h MEAN DEVI ATl ON N
0.0 0.0 7.16 0.47 6
0.0 1.0 6.9 0.33 6
0.5 0.0 5.97 0.22 6
0.5 1.0 6.55 0.28 6
1.0 0.0 6.01 0.32 6
1.0 1.0 6.12 0.39 6

Sin the absence of TCE, 0.5 and 1.0 m CHCI3/kg are significantly |ower
than 0.0 m CHC 3/kg(p<0.05). 0.5 and 1.0 m CHCl 3/kg are not
significantly different.

In the presence of TCE, 1.0 m CHCI3/kg is significantly |ower than 0.0
and 0.5 mM CHO3/kg (p<0.05). 0.0 and 0.5 M CHO 3/kg are not
significantly different,

bThe TCE levels are significantly different at 0.5l CHC3/kg (p=0.004).


NEATPAGEINFO:id=230022C4-88E5-4952-8095-F0BBA0D59D1C
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pH24HR AQUEQUS VEHI CLEa

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 35 24.32 <0. 001
EXP 1 0. 025
CHCI 3 2 0. 160 55. 62 <0. 001
TCE 1 0. 002 0. 67 0. 421
CHCI 3 X TCE 2 0. 037 12.70 <0. 001
ERROR 29 0. 003

asased on LOGE pH24)

pH24HR  AQUEQUS VEH CLE

STANDARD
CHO 3 (m/k9)a TCE (nl/kg)b MEAN DEVI ATI ON N
0.0 0.0 8. 36 0.18 6
0.0 1.0 7.33 0. 86 6
0.5 0.0 6. 37 0.31 6
0.5 1.0 6. 46 0. 20 6
1.0 0.0 6.12 0. 09 6
1.0 1.0 6.62 0.34 6
ain the absence of TCE, 1.0 m CHOI3/kg is significantly lower than 0.5 nf
CI-IC|3/kg$<005 0.5 m CHOI 3/k |SS|gn|f|can|y|ov»erthan00m
CI-iCI%//kkg (p<0008 and 1.0 m CHCI3/kg is significantly |ower than 0.0 m
p<

In the presence of TCE, 0.5 and 1.0 m CHCOI3/kg are significantly |ower
than 0.0 m CHC|3/kg(p<0 05). 0.5 and 1.0 mf CHCI 3/kg are not
significantly different.

bThe TCE levels are significantly different at 0.0 m CHO3/kg (p=0.008)
and 1.0 m CHC 3/ kg (p=0.003).


NEATPAGEINFO:id=E8658AB1-97A4-4987-AB65-F7A5A45B63E0


pH 36 HPa
NEAN
SOURCE DF SQUARE
OVERALL 71
EXP 1 2.22
TCE 1 0.01
CHCl 3 2 6. 62
VEHI CLE 1 0. 60
TCE X CHCI 3 2 0.26
TCE X VEH 1 0.09
VEHX CHCI 3 2 0.03
TCE X CHCI 3 x VEH 2 0. 10
ERROR 59
aeased on LOE pH36)
pH 36 HR
CHCI3 {m/kg)a TCE (m/kg)b VEAN
0.0 6.0 6. 99
0.0 1.0 6. 76
0.5 0.0 5. 96
0.5 1.0 6. 50
1.0 0.0 5. 89
1.0 1.0 6.07
S|n the absence of TCE, 0.5 and 1.0 m CHC 3/
than 0.0 m CHG 3/kg{p<0.05). 0.5 and 1.0 ni
significantly different. In the presence of TCE,
are significantly lower than 0.0 m CHCI 3/kg.

not significantly different,
b The TCE | evels do not interact.

L)'IO

F- VALUE

21. 39

STANDARD
DEVI ATI ON

PO P WwW®OOooOo

14

. 28

08
87
37

.48
. 57

0.2§
0.52
17
23
. 20
41

©cooo

166

P- VALUE
<0. 001

0. 705
<0. 001
0. 004
0. 026
0. 247
0.624
0. 216

12
12
12
12
12
12

kg are significantly | ower
3/kg are not

5and 1.0 mM CHC 3/kg

nd 1.0m CHO3/kg are


NEATPAGEINFO:id=B432570C-7693-401B-A570-741F9B4EAAB9


167

pH 48HRa
MEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 69 19. 97 <0. 001
EXP 1 0.43
TCE 1 1.01 4.82 0.032
CHCl 3 2 16. 96 81. 37 <0. 001
VEHI CLE 1 1.88 9. 05 0. 004
TCEXCHCI 3 2 1.87 8.98 <0. 001
TCE X VEH 1 0.09 0. 47 0. 495
VEH X CHCl 3 2 3.21 15. 42 <0. 001
TCE X CHCI 3 X VEH 2 1.30 6. 24 0. 004
ERROR 0.21
asased on LOG pH48)

pH 48 HR
STANDARD

CHC|3(rr1/kg)a TCE m/kg)b MEAN DEVI ATI ON N

0.0 6.0 8.31 0.18 12

0.0 1.0 7.89 0. 65 12

0.5 0.0 6. 47 0.61 12

0.5 1.0 7.03 0.75 12

1.0 0.0 6.23 0.38 11

1.0 1.0 6.86 0.79 11

ain the absence of TCE, 0.5 and 1.0 ml CHO3/kg are significantly | ower
than 0.0 m CHO 3/kg(p<0.05). 0.5 and 1.0 ni C|-|C|3/kg are not
significantly different. In the presence of TCE, 0.5 and 1.0 nl CHO 3/kg
are significantly lower than 0.0 m CHC 3/kg(p<0.05). 0.5 and 1.0 n
CHC 3/kg are not significantly different.

bThe TCE levels are significantly different at 0.5 m CHCI3/kg (p=0.036)
and 1.0 m CHC 3/kg (p=0.032).


NEATPAGEINFO:id=04C0E903-F1F3-4497-804D-05DF8580FCF7


SOURCE DF

OVERAL L 35

EXP 1

CHCI 3 2

TCE 1

CHCI 3 X TCE 2

ERROR 29

CHCl 3 NMEAN STD

(mM/kg)a (m) DEV

0.0 2. 00 0.82

0.5 3.03 1.15

1.0 3.28 1.03

a05and 1.0 /k%mr

(p<0.05). 0.5 an d 1.0

SOURCE

OVERAL L

EXP

TCE

CHCI 3

VEHI CLE

TCEXCHCI 3

TCExVEH

VEH X CHCl 3

TCE X CHClI 3 X VEH

ERROR

aBasedonLOG VOL12)

CHCI 3 MEAN STD

(m/kg) a (nt) DEV
0.0 2.34 0. 98
0.5 4.90 3.24
1.0 4.29 2.81

VOLUME 6 HP O LVEHI CLE

NEAN
SQUARE

10. 13
5.50
1.56
0. 65
0.71

VOLUME 6HR O LV EH CLE

N

12
12
12

TCE

(m/kg)
0.0
1.0

VOLUME 12 HRa
MEAN
SQUARE

. 011

065
610
331

588
004
157
540
. 355

cooooomOoO

VOLUVE 12 HR

N
24
24
24

TCE

(m/ko)

0.0
1.0

168

F- VALUE P- VALUE
5. 66 <0. 001
7.79 0. 002
2.21 0. 148
0.92 0.411

NMEAN STD

() DEV N
3.00 1.21 18
2.56 2.56 18

e significantly higher than 0.0 nl CHO 3/kg
3/kg are not significantly different.

F- VALUE P- VALUE
1.92 0. 050
0. 859
0.18 0. 670
7.33 0. 001
0.93 0. 339
1.65 0. 200
0.01 0.914
0. 44 0. 645
1.52 0. 227
MEAN STD
(m) DEV N
3.58 2.05 36
4.12 3.29 36

a0.5 and 1.0 m CHO3/kg are significantly higher than 0.0 m CHCl 3/kg

(p<0.05).

0.5and 1.0 m CHCI3/kg are not significantly different.


NEATPAGEINFO:id=B5F127C4-1643-4320-B4BE-3651890D6FA2
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VOLUME 24 HRa

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 71 2.77 0. 005
EXP 1 1. 254
TCE 1 0. 087 0. 26 0. 615
CHCI 3 2 3.47 10. 23 <0. 001
VEHI CLE 1 0. 116 0. 34 0. 560
TCE X CHCI 3 2 0. 099 0.29 0.748
TCE X VEH 1 0. 276 0.81 0.371
VEH X CHCI 3 2 0. 262 0.77 0. 466
TCE X CHCGl 3 X VEH 2 0. 948 2.79 0. 069
ERROR 59 0. 340
SBased on LOG VOL24)
VOLUME 24 HR

CHCI 3 NVEAN STD TCE VMEAN STD
(m/kg)a (nf) DEV N (m /kg) () DEV N

0.0 4.75 1.29 24 0.0 7.89 5.22 36

0.5 12. 71 8.99 24 1.0 9. 44 8.51 36

1.0 8.54 6. 16 24
30.5 and 1.0 mf CHCI 3/kg are significantly hi?her than 0.0 m CHC 3/ kg
(p<0.05). 0.5 and 1.0 m CHO3/kg are not significantly different.

VOLUME 48 HR AQUEOL S VEHI CLE
NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 34 4.30 0. 003
EXP 1 0. 25
CHCl 3 2 35.01 8.83 0. 001
TCE 1 7.11 1.79 0.191
CHC 3 X TCE 2 12. 47 3.14 0. 058
ERROR 28 3.97
VOLUME 48 HR AQUEQUS VEHI CL -

CHCI 3 NVEAN STD TCE VMEAN STD
(n/kg)a () DEV N (mikg) () DEV N
0.0 4.45 1.79 11 0.0 5.55 3.03 17
0.5 6. 55 2.60 12 1.0 6.21 3.35 18
1.0 3.17 1.83 12
a0.5n CI-|O|3/ké] is significantly higher than 0.0 and 1.0 nf CHCI 3/kg
(p<0.05). 0.0 and 1.0 m CHCI3/kg are not significantly different.


NEATPAGEINFO:id=910F58D7-A95C-4CB5-B305-7D40A3E30805


OSMOLALI TY 12 HR AQUEOQUS VEHI CLE

MEAN
SOURCE DF SQUARE
OVERAL L 35

EXP 1 666400
cHCl 3 2 627187
TCE 1 10133
CHClI 3 X TCE 2 1030542
ERROR 29 77855

3Based on Log()

F- VALUE

8.55

8. 06
0.13
13. 24

OSMOLALI TY 12 HR AQUEOUS VEH CLE

CHOI3 (m/kg)a TCE (m/kg)b MEAN
0.0 0.0 1873
0.0 1.0 1167
0.5 0.0 893
0.5 1.0 1262
1.0 0.0 1081
1.0 1.0 1318

STANDARD
DEVI ATI ON

163
461

268
418
224
220

170

P- VALUE
<0. 001

0. 002
0.721
<0. 001

OO0 000 Z

ain the absence of TCE, 0.5 and 1.0 ml CHCI3/kg are significantly |ower
than 0.0 m CHCI 3/ kg(p<0.05). 0.5 and 1.0 M CHCI 3/kg are not

significantly different,

In the presence of TCE, there were no significant differences in the CHO 3

| evel s.

bThe TCE levels are S|gn|f|cant|y different at 0.0 nl CHO3/kg (p=0.007)

and 1.0 m CHC 3/ kg (p=0.016).
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SOURCE
OVERALL
EXP
TCE
CHCI 3
VEHI CLE
TCE X CHCI 3
TCE X VEH
VEH X CHCI 3
TCE X CHCI 3 X VEH
ERROR

CHCI 3

{m/kg)a MEAN
0.0 1617
0.5 674
1.0 848

a 0.5 and

(p<0.05). 0 and 1

OCSMOLALI TY 24 HR

OSMOLALI TY 24 HR

STD

DEV N
366 24
398 24
416 24

MEAN
SQUARE

479383
160083
6049454
170236
127456
23148
128934
285177
149057

TCE

(m/kg)
0.0
1.0

F- VALUE

7.84

1.07
40. 58
.14
86
16
. 86
.91

PO ook

NVEAN

1094
999

171

P- VALUE

<0.

<0.

STD

585
552

0n CHOI3/k ar S|gn|f|can ly Iower than 0.0 nl CHQ 3/ kg
m kg are not significantly different.

coooo

001

. 304

001
290
431
695

. 426
. 157

36
36
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SOURCE
OVERALL
EXP
TCE
CHCI 3
VEHI CLE
TCE X CHCI 3
TCE X VEH
VEH X CHCI 3
TCE X CHCI 3 X VEH
ERROR

OSMOLALI TY 36 HR

DF

I\JI\J'_‘NI—‘ND—‘l—\'j

a1
©

CSMOLALI TY 36 HR

NMEAN
SQUARE

1669878
32555
3147160
3574692
292976
66
270051
56532
128212

TCE

(n/kg)
0.0
1.0

F- VALUE

8.32

0.25
24.53
27.87

2.28

0. 00

2.11

0. 44

VMEAN

1459
1417

STD

597
473

kg are not significantly different.

OSMOLALI TY 48 HR AQUEQUS VEH CLES

CHCI 3 STD

(m/kg)a MEAN DEV N
0.0 1840 363 24
0.5 1136 419 24
1.0 1338 552 24

a05and 1.0 |

(p<0.05). 0.5and 1.0 m

SOURCE DF

OVERALL 34

EXP 1

CHC 3 2

TCE 1

CHCI 3 X TCE 2

ERROR 29

"Based on Log( OSM48)

CHCI 3

(m'/kg)a MEAN
0.0 2116
0.5 1685
1.0 1562

N0.5 and 1.0 ni O|-|C|3{ﬂk

(p<0.05). 0.5 and 1.0

STD

DEV N
200 12
468 12
708 11

MEAN

SQUARE

0. 60
0.50
0.01
0.16
get

TCE

(nt /kg)

0.0
1.0

OSMOLAL TY 48 HR AQUEQUS VEH CLE

172

P- VALUE

<0.

0.
<0.
<0.
L1121
. 982
. 131
. 646

O O o o

m CHCISIK%%rg/si gnificantly lower than 0.0 mf CHCI 3/kg

001

616
001
001

36
36

F- VALUE P- VALUE
3.04 0. 020
4. 64 0. 018
0. 05 0. 819
1.45 0. 252

STD

VMEAN DEV N

1815 534 17

1775 556 18

g are significantly lower than 0.0 m CHC 3/kg
CHC 3/kg are not significantly different.
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OSMOLALITY 48 HR O LVEH CLEa

MEAN

SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 32 7.75 <0. 001
EXP 1 0.13

CHGi 3 2 3.06 18.74 <0. 001
TCE 1 0. 54 3.28 0. 082
CHCI 3 X TCE 2 0.52 3.21 0. 057
ERROR 26 0.16

aSased on Log(OSM)48)

OSMCOLALITY 48 HR O L VEH CLE

CHCI 3 STD TCE STD
{M/kg)a MEAN DEV N (m/kg) MVEAN DEV N
0.0 1711 547 12 0.0 1008 713 16
0.5 839 473 11 1.0 1171 590 17
1.0 627 209 10

a0.5and 1.0mM CHG3/kg are significantly lower than 0.0 m CHC 3/kg
(p<0.05). 0.5 and 1.0 m CHCI3/kg are not significantly different.

r

Ul
o
s =3
=
H%
o
=3 X
=
(7>)
& o
w D

significantly lower than 0.0 M CHC 3/ kg
kg are not significantly different.
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Ol vs Aqueous Comparison of ALT and BAG | evel s caused bv CHCI 3 do. gage. g

SERUM ALT 48 HOURS™ CHCI3 =1.0 m/kg

MEAN
SOURCE DF SQUARE F- VALUE P- VAL UE
OVERAL L 22 22.56 <0. 001
VEHI CLE 1 40. 407 22.56 <0. 001
ERROR 21 1.791
aBased on LOG ALT)

STD
VEHI CLE VEANa (| u L) DEV N
aL 3803 3007 6
AQUEOQUS 102 68 5
al0mnm CHO3/kginoil is significantly greater than 1.0 mi CHO3/kg in
ageous vehicle (p<0.05).
SERUM ALT 24 HOURSa CHCI 3 =1.0 nl/kg

MEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 18 5.69 0.029
VEH CLE 1 2.098 5. 69 0.029
ERRCR 17 0. 369
aBased on LOG ALT)

STD

VEHI CLE VEANa (| u L) DEV N
aL 284 160. 0 6
AQUEQUS 124 39.6 3

al0n CHA3/kginoil issignificantly greater than 1.0 m CHO3/kg in
ageous vehicle (p=0.03).
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SERUM BAC 48 HOURS* CHCI 3 =1.0 m/kg

SOURCE DF
OVERAL L 21
VEHI CLE 1
ERROR 20

aBased on LOG BAC)

VEHI CLE VEANS (UM L)
aL 148
AQUEOUS 52

NVEAN
SQUARE F- VALUE P- VALUE
- 22.72 <0. 001
30. 839 22.72 <0. 001
1.357
STD
DEV N
49 6
26.7 5

al0nm CHU3/kginoil issignificantly greater than 1.0 m CHO3/kg in

ageous vehicle (p<0.001).

SERUM ALT 48 HOURSa CHC3 =0.5 nl/kg

SOURCE DF
OVERALL 23
VEH CLE 1

ERRCR 22

asased on LOGFALT)

VEHI CLE VEANa (| U L)
aL 6962
AQUEQUS 46

NEAN
SQUARE F- VALUE P- VALUE
26. 32 <0. 001
30. 839 26. 32 <0. 001
2.481
STD
DEV N
1692 6
13 6

a0.5nm CHA3/kg inoil issignificantly greater than 0.5 m CHCO3/kg in

ageous vehicle (p<0.05).
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SERUM BAG 48 HOURS™ CHC 3 =0.5 nl/kg

NVEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERAL L 21 19. 38 <0. 001
VEHI CLE 1 34.65 19. 38 <0. 001
ERROR 20 1,788
aBased on LOG BAC)

STD

VEHI CLE MEANS (uM L) DEV
aL 154 59 6
AQUEOUS 25 13 6

a0.5nm CHA3/kginoil issignificantly greater than 0.5 M CHCI3/kg in
ageous vehicle (p<0.05).

SERUM BAC 24 HOURSa CHCI 3 =0.5 m/kg

NMEAN
SOURCE DF SQUARE F- VALUE P- VALUE
OVERALL 14 4,84 0.047
VEHI CLE 1 3.984 4,84 0.047
ERROR 13 0. 824
asased on LOG[ BAG

STD

VEHI CLE MEAN g (UM L) DEV N
aL 296 228 4
AQUEOUS 46 18 4

a0.5m CHO3/kg inoil issignificantly greater than 0.5 M CHG3/kg in
ageous vehicle {p<0.05).
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