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PROCEEDI NGS
[8:11 a.m]

DR PREUSS: W are ready to begin the
second day of the presentations, and at the end of
the day today, we will have a panel discussion with
all of the speakers hopefully participating, but
they'Il all be up there. 1'mnot sure they'Il al
partici pate.

And agai n, the sanme ground rules as we had
yesterday: you will forgive me for repeating them
But that after each speaker, we will have tine, |
hope, for five or so mnutes of clarifying
questions, and at the end of every three papers, we
will have a longer Q and A session, if there are
still issues that need to be raised and tal ked
about or so on.

At the end of the day today for the pane
session, and |I'm now speaking particularly to all
the fol ks who have presented, | will ask you one
question, and | don't want it to be a surprise, so
I thought | would nention it now and give you a

chance to think about it a little bit, that is,



given all of the things that you have presented,
the papers that you have heard presented here
today, which things would you particul arly conmend
to our attention? That you all clearly know the
field very well; you're famliar with this
literature; you have heard the presentations, and
again, for our purposes in noving forward with the
ri sk assessnment for TCE, we woul d appreciate any
comrents you have with regard to those ki nds of

i ssues.

At the end of that, | will also talk for
about two or three mnutes about where we're
heading with this assessnent, what our plans our
and what our schedule is, so that all of you who
are working in this field can have sone sense of
what is going to happen over the next nonths and
year or two.

So with that, I'd like to begin the first
session, and I'd like to call on Dr. JoEllyn
MM | I an fromthe Medical School of South Carolina,
who will talk about TCE and hepatotoxicity.

DR MCMLLAN: 1'd like to thank the



organi zers for inviting me to tal k about ny
research. W are interested in the mechani sns of
trichl oroet hyl ene hepat ocar ci nogenicity, but
specifically, we are interested in the use of
hepat ocyte cultures to study aspects of this
response.

Overall, our research goals are to
determ ne the role of both peroxisone proliferation
and mtogenesis in the devel opnent of neopl asia and
what is the role of the peroxisome
proliferator-activated receptor in this response as
well, but nore specifically what is the rel evance
of the events that occur in the B6C3F1 nouse to
events that mght occur in human |iver?

As background for this talk, you have
heard many of these before, the response is seen
only in the B6C3F1 nouse and is thought to be due
to two netabolites, trichloroacetate and
di chl oroacetate. For us specifically, we are
interested in these two early responses, the
m togeni ¢ response and the peroxi sone proliferative

response. And the question is whether these



responses occur in humans and what rel evance do
t hey have?

This is a tine line of the events that
occur in the TCE-treated mce. Again, the early
events, DNA synthesis and peroxi sonme proliferation
devel opnent of the enzyne altered foci and the
adenomas and carcinomas. And what we're interested in
is can these two early events be used as nar kers,
or are they markers for the devel opnent of the
| ater carcinogenic events?

So the question we asked, then, was can we
use primary or hepatocyte cultures to study these
two early events? And nore inportantly, can we use
human hepatocyte cultures to replicate these
events, and if they do respond in the sanme way, can
the intensity of the response be used to assess the
ri sk of humans?

First, do we see mitogenesis when nouse
and rat hepatocyte cultures are treated with TCA
or DCA? This is to orient you. This is a review
of the in vivo response. These are our own data,

but other people have shown it as well, that when



you treat this nouse with TCA or DCA, there is an
increase in cell mtogenesis, and in our case, we
used bronodeoxyuridi ne incorporation as an index of
cell proliferation, and we saw an increase in

i ncorporation at both 7 and 14 days of treatnent
with both TCA and DCA.

To study these events in hepatocyte
cultures, we isolated rat and mouse hepatocytes by
standard procedures; placed themin culture;
treated the cells for 36 hours with the test
conmpounds; gave a four -hour pulse of tritiated
thym di ne and then coll ected DNA and assayed it for
t he amount of radioactivity.

First, the rat hepatocyte cul tures.
Again, there was a | ow basal |evel of thym dine
i ncorporation that we observed in these cultures,
but when the cells were treated with a known growh
factor, epidermal growth factor, we saw nice
enhancenent of thym di ne incorporation, indicating
that the cells are capable of responding to a
mtogenic stimulus. However, when we treated the

cells with varying concentrations of DCA or TCA we



did not observe any increase in thymdine
i ncorporation. W did not observe cell
m t ogenesi s.

What about the nouse hepatocytes? The
mouse hepatocytes were problematic in that they had
a very high background | evel of thym dine
incorporation. |In fact, we could not induce any
further increase in thymdine incorporation by
treatment with EG- at any concentration. Thus, we
could not assess whether TCA or DCA were nitogenic
in these cells.

Back to the rat hepatocytes. It is
wel | - known that hepatocytes in culture |lose cells
over tine or hepatocyte cultures |ose cells over
time, and what effect would this have on the
overall mtogenic response? So in the cells
treated with EGF, we did initial cell counts, and
then, after the 40 hours of treatnment, we counted
the cells again, and EGF prevented the | oss of
cells and actually increased the nunber of cells
over those seen in the control cultures.

W observed an interesting phenonmenon wth



DCA in that it prevented this cell loss in a
dose-dependent manner, although it did not actually
i ncrease the nunber of cells, so it seens to be
mai nt ai ni ng the nunber of cells in the culture.
This ef fect was not observed with TCA

Anot her interesting effect we observed
with DCA was an apparent interaction with EG- on
the thym di ne incorporation. Again, here is EG-
increase in thymdine incorporation in a dose
dependent fashion. DCA had no effect. When DCA
was adm nistered with both the [ ow and the higher
dose of EGF, there was a synergi stic increase in
thym di ne incorporation. So the |light purple bar
is conpared to the light green EGF bars, and
failed to put the significance on here, but these
two hi gher doses of DCA were significantly
different than the correspondi ng EG- t hyni di ne
i ncorporation rates, and the dark purple
corresponds to the dark green EGF bar

So there was--whether this interaction is
due to a primng effect that is known to occur for

some hornmones and grow h factors in that the



compound itself is not mtogenic, but when dealing
with a growth factor, it can enhance the response

to the growth factor or whether this is due to sone
other effect is currently under investigation

This interaction was al so observed when we
did cell counts. Again, increase in cell nunbers
with EGF treatnent; maintenance of the cell nunbers
with DCA and a synergistic increase in the cel
nunbers with DCA and EGF, and then these bs
indicate that they are different fromthe levels in
the EGF-treated cells.

So DCA appears to be acting in sone way
different fromTCA in maintaining the cell culture,
the cells in culture, and interacting with the EG-
response.

VWhat about human hepatocytes? W isolated
human hepatocytes fromtissue that we obtained from
organ transplant rejected livers, and we used this
procedure of D Anbrosio, Steve D Anbrosio at Chio
State, to isolate and culture the cells. And this
procedure allows the cells to maintain many of

their liver-specific functions. And the cells then
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can be used as primary cultures, or they can be
subpassaged several times and still maintain their
l'iver function.

So first, the thym dine incorporation
Agai n, when we have--this is cells from human, our
sixth human liver sanple. The primary cells again
responded; there was a mitogenic response observed
with EG-. So they are responsive to a mtogenic
agent. As with the rat hepatocytes, there was no
m togeni c response with DCA or TCA

And the sane effect was observed in the
subcultured cells. This is the fifth passage of
these cells. So the human cells act anal ogously to
the rat cells in this effect.

What about the interactive effect that we
observed in the rat cells of DCA and EGF? Again, a
nice stinulation with EGF;, no effect with DCA
However, the interaction that we observed in the
rat hepatocytes with DCA and EG- did not occur in
the human hepatocytes, either in the primry
cultures or in the subcultured cells. So they do

not react anal ogously to rat hepatocytes.
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So, where do we stand? Can hepatocyte
cultures be used to study the mtogenic response?
Again, in rat hepatocytes and in nouse hepatocytes,
there was no mitogenic activity of DCA or TCA
However, there was an interesting effect in the rat
hepat ocytes. In human hepatocytes, again, there
was no mitogenic effect with DCA or TCA, and there
was no interaction of DCA and EGF

What about the next, the other early
event, the peroxisone proliferati ve event? Can we
replicate this in the hepatocyte cultures? This
slide just illustrates peroxi sonme proliferation in
intact liver, determned as pal mtoyl - CoA oxidation
activity. Again, in untreated rat and m ce,
there's about simlar levels of this activity, and
it can be induced with TCA and DCA and the node

per oxi sone proliferator.

In human liver, the activity is conparable

to that seen in the rat and the nouse; however, it
is on the low end of the range. However, there is
no--it is unclear whether this activity can be

i nduced.
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To assay peroxisone proliferation in our
cultured cells, we took the cultured cells, treated
themfor 72 hours with the test conpound, harvested
them and then the pal mtoyl - CoA oxidation in the
cell honogenates. And what we observed initially
inthe untreated cells was that there was a | arge
drop in the basal rate of this activity. So these
cell's have been in culture for 96 hours now.
However, there was an induction with both DCA and
TCA as ot hers have shown and we have reported in an
earlier paper and with the nodel conpound.

What about human hepat ocytes? Human
hepat ocytes also lost this activity, and the drop
was so profound that we could not detect it. It
was below our limts in detection. And then, when
the cells were given the TCA or DCA or even the
Wet h conmpound, we could not stimulate it above our
limts of detection. So this activity was unusable
i n our human hepat ocyt es.

So are there other peroxisome proliferator
responses that can be used? One response that has

been reported in vivo is induction of cytochromne
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P450 4A. This is a microsonmal enzyne rather than a
per oxi somal protein, and it is involved in the
onega oxidation of fatty acids. It is inducible by
peroxi sone proliferators in rat and nouse liver
So we asked can we detect this protein in
our hurman hepat ocytes, and can we detect induction
of this protein? So we used a commercially
avai | abl e anti body to human P450 4A11. Using this
ant i body, we exam ned the levels in hepatocyte
preparations fromthree different human livers, and
we di d observe detectable |evels of P450 4A in all
of the liver--the hepatocyte preparations. The
i nducti on, however, was variable. Human |liver six
was not very responsive to either the node
peroxi sone proliferator or to TCA and DCA, although
there may be a slight induction with Weth and DCA
The human |iver seven and human |iver
ei ght cells were nmuch nore responsive. W saw a
ni ce enhancenment of this protein with the Weth
compound. However, with DCA and TCA, they seened
to be differentially responsive in that there was a

very robust response with DCA in the HL7 cells;
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however, there was no response in the HL8 cells, but
there appeared to be a mnimal response with TCA

So while you can see induction, the
response anong different human livers is quite
variable, both to the overall responsiveness and to
whi ch conmpounds actual |y i nduce the response.

So back to the question can we use
hepat ocyte cultures to study these peroxisome
proliferative effects? In rat and nouse
hepat ocyte, yes, we can use pal mtoyl - CoA oxidation
as an index of peroxisone proliferation, and it is
i nduci ble with both TCA and DCA. I n hunan
hepat ocyt es, however, pal nmtoyl - CoA oxi dation was
not a useful index of peroxisome proliferation.
However, we observed cytochronme P450 4A protein and
i nducti on of this protein; however, the extent of
i nducti on and whet her induction occurred were quite
variable in different human hepatocyte
pr eparati ons.

So it is well -known that rat and hunan
cells are different in their responses to the

per oxi sone proliferator-type conmpounds, so can we
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use the hepatocyte cultures to try to determ ne
why?

As a brief background, nessenger RNA
| evel s of the peroxisonme proliferator activator
receptor al pha are about tenfold higher in nouse
liver than in human liver, and there is evidence
for sone pol ynor phi sm anong human PPAR al pha. And
in fact, in humans taking fibric acid drugs for
hyperlipidem a, there is no evidence for increased
per oxi somal enzynme activity, although these drugs
do i nduce peroxisome proliferation in rats and
nce.

So can we use the human hepatocytes, then
to ask the questions, are the differences in
response due to differences in levels of the
receptor or differences in the overall activation
of the response el enent, the peroxisomne
proliferator response el ement?

First, the levels of the receptor protein
itself: we used an anti body comercially avail abl e
specific for PPAR al pha, it does not crossre act

with ganma, to determine levels of this protein in
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our hurman |iver preparations and in cell cultures,

and what we observed was that the protein is

detectable in human liver, although the levels are

quite vari abl e.

In fact, human liver two here had | evels

that were not that different fromwhat you would

observe in a nouse. And this protein, the | evels

of this protein,

wer e passaged in

were nai ntai ned when the cells

cul ture.

What about the activation of the response

elenent? To do this, we transfected our human

hepat ocytes with

ei ther blank DNA or the npuse PPAR

al pha protein along with its partner, the retinoic

acid X receptor al pha, and we | ooked for activation

of an artificial
transf er ase.

In the
DNA, there was a

response el enment,

response el enent hooked to chl oranpheni co

cells transfected with the bl ank
very | ow basal activation of this

and we coul d not detect any

significant increase in activation when the cells

were treated with the Weth compound or TCA or DCA

However, when the cells were transfected with the



mouse protein, there was a large increase in the
basal | evels of the response elenent activation
suggesting that there is an endogenous activator in
the cells.

And when the cells were treated with the
Wet h conpound or TCA or DCA, there was a further
enhancenent of this activation. So the human cells
are capable of responding to peroxi sone
proliferator receptor activators when you provide
themw th a nouse protein.

So where do we stand? Can we use the
human hepatocytes to study these early events, or
can we use rat, nouse or human hepatocytes to study
these events? For the mtogenic effect, rodent and
human hepatocytes did not respond, as is seen in
vivo, so they are not real useful f or studying
direct mtogenic effects. However, there was an
interesting interaction between DCA and EGF that we
observed in the rat hepatocytes which we want to
i nvestigate further.

As for the peroxisone proliferative

ef fect, palmtoyl-CoA oxidation activity was not a
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useful endpoint in human hepatocytes, but it is
very reproduci ble and detectable i n the rat and
mouse hepatocytes. However, P450 4A induction
occurred both in rodent and human hepat ocytes and
could be used to quantitate differences or to
assess differences in human versus rat or nouse
responses.

So | just wanted to acknow edge the people
who worked, did this work: Jennie VWalgren did this
work as her dissertation research, and David Kurtz
does a |l ot of the nol ecul ar biol ogy work; various
techni ci ans and al so the support of a DCE
cooperative agreenent.

Thank you.

[ Appl ause. ]

DR PREUSS: Questions?

[ No response.]

DR. PREUSS: Before, when | opened the
session this norning, | forgot to thank all of you
for showing up this early. Thank you

Ch, pl ease.

QUESTION: Are you intending to extend



these studies in guinea pig hepatocytes?

DR. MCM LLAN: W don't immediately plan
to do that. | know Ruth Roberts has done sonme work
out in Xeneca with the guinea pig hepatocytes, but
we haven't planned to do any work with the gui nea
pig. W want to concentrate with the human
hepat ocyt es.

QUESTION: Stott, Dow. The nouse data
obviously didn't work out so well. Is this just an
i sol ation issue, or do you have sone ot her
expl anati on?

DR MCM LLAN:  We don't know what it is
due to, and in fact, other people--we've tal ked
with other people, and they' ve report ed the sane
effect. And | don't know if it's the way we
isolate the cells or if there is just sonmething in
the mice thensel ves that nmakes t hem hyperreactive
when they go into culture.

In fact, back in 1997, when we first
started this work, we didn't have this problem
And t hen, suddenly, sonething changed, and now, we

can't decrease the background |evels.
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QUESTI ON:  Because we are aware of data
bei ng generated in other |aboratories where they
are seeing response in the mce to TCA and are able
to get a pretty robust response.
DR MM LLAN  Right.
QUESTION: Trying to put you in touch
DR MCM LLAN:  Thanks.
M5. SCHALK: Anyone el se?

QUESTION:  Hello, nmy nane is Jennifer

Sass. |I'mwth the National Resources Defense
Council. | had a few questi ons.
First of all, in your liver cultures, your

human liver cultures, were they isolated

hepat ocytes or were they whole liver cultures? D d
they include all of the liver cells? D d they have
Kupffer cells in them or were they nonocel |l ul ar

cul tures?

DR. MCM LLAN: They were hepatocyte
cultures, and they are usually about 95 percent
pl us hepatocyt es wi th noncont am nati ng--m ni nmal
contam nation fromeither Kupffer cells or

endot helial cells.
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QUESTION:  Ckay; so, I'ma bit concerned,
I guess, in terns of extrapolating to make broad
statenments about human liver for two reasons: one
is that the cultures that you used didn't represent
an intact liver, and that's, | think, inmportant for
this context because we do know that Kupffer cells
actually are engaged in the human response to
peroxi sone proliferators. And we al so know t hat
humans do respond to the clofibrate-type drugs as
wel | as rodents.

The other thing is | was very interested
inthe different, | guess--1 think you showed it
with the P450s but the different kinds of responses
you got fromyour three different livers, isolated
fromthree different humans. So | wondered, in
that sense, given already the difference in only
| ooking at | guess under 10, because you had them
nunbered at least till seven, how confident you
felt making a broad statenent about humans based on
t hat .

DR MCM LLAN:  Well, | think it suggests

that humans may respond very differently and--



QUESTION: Differentl y fromrodents or
fromdifferently fromeach other?

DR. MCM LLAN: Differently from each
ot her.

QUESTION: That's what | was getting at.
I mean, to me, what your data looks like is that it
is hard to make a broad statenent about humans in
general fromthe differences that you have shown
one to the other and the fact that the cultures
wer e nonocel [ ul ar cul tures.

DR. MCM LLAN: Right; so, you know, the
human popul ation is very diverse versus the rat and
the nouse cells, which is a very honbgeneous
popul ati on.

QUESTI ON:  Thank you.

QUESTI ON: Paul Deergard, HSIA.

I'd like to expand a little bit on what
Bill Stott was tal king about. W have a project at
the nmonent which is directed toward
perchl oret hyl ene, where we are | ess concerned about
DCA, in fact, not concerned about DCA, but we are

| ooking at TCA. So what we are trying to do is to
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string this thing through quantitatively. So we
have | ooked at the |level of TCA generated in the B6
mouse in the inhalation setting; then, |ooked at
the TCA levels in the in vivo setting through
drinki ng water node and then nmoving into the in
vitro node, where we can | ook at the nouse and nan

And we do, as we go across this sequence,
we are able to say that the peroxi sone
proliferation response in the nouse in the in vitro
setting are the sanme level as TCAis generated in
the in vivo setting match one anot her very
precisely. W are also | ooking at cell
proliferation through thym di ne incorporation, and
we do get a response in vitro. The fold of
increase is less than it is in vivo, but we do
manage to see that response in vitro. So the human
work is in progress at this tine.

DR MCM LLAN: [I'Ill have to talk to you
about your nmouse cells and see how you- -

QUESTION: I'mnot involved i n the detail,
but certainly, they are getting the proliferation

to occur successfully in vitro, and there are at



| east two other |abs where that is achieved
successful ly.

DR PREUSS: Thank you

Qur next paper will be on TCA and T-cell
activation and will be presented by Neil Punford of
the University of Arkansas at Fayetteville.

DR PUVFORD: | would like to thank the
organi zers for inviting me to present sone of ny
data on trichl oroethyl ene and autoi nmune di sease.
Specifically today, | will be talking primarily
about trichloroethylene and T-cell activation.

Aut oi mmunity is the | oss of self
tolerance. It is where your own inmune system
mounts a response directed agai nst your own cells
or your own body. Now, the etiology of autoimmune
disease is multifactorial, but it includes a
genetic conponent and an environnental conponent.
And t he environnental conponent consists of
possi bl e effects from chem cal s.

There are over 80 different types of
aut oi mmune di seases. They range fromvery organ-specific

di seases such as Hasinoto's thyroiditis to
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general overall system c diseases such as systemc
| upus erythmatosis and systemic sclerosis.

Now, if add all these different autoinmune
di seases together as one category, you would find
that over 9 mllion Anericans are affected by
aut oi mune di sease; that nmeans one in every five
Anmericans has an autoi nmune di sease [sic]. That's
a maj or public health concern

Now, how can a chemi cal such as
trichloroethylene interact with the inmune system
to accelerate i mmune response or exacerbate an
i mmune response? And if it does, what are some of
t he nechani sns or possi bl e mechani sns that can
cause this? Now, there's over 100 different case
reports inplicating trichloroethyl ene in autoi mune
di sease, primarily in a systemc sclerosis type of
response or a lupus type of autoi mune di sease.

I"mgoing to highlight a couple of
different studies that have inplied that
trichloroethylene is involved in autoi mune
di sease. Byers et al in 1988 showed that there was

alteration in T-lynphocytes and an increase in



antinucl ear antibodi es or autoantibodies. Kilburn
and Washon in Arizona found that there was an
associ ation with antinucl ear anti bodi es and
systemc lupus. 1In 1994, Cark et al found that
percei ved exposure to solvents including

trichl oroet hyl ene and an increase in antinucl ear
ant i bodi es.

Now, Nietert in South Carolina showed that
occupati onal exposure based on an exposure,
particul ar job association, found t hat there was an
increase in risk of systemc sclerosis in the
mal es. In the study presented yesterday by Dr.
Lacey, the researchers found there was an
association with systemc sclerosis, but it was not
significant. Studies in nmouse, in an ani mal nodel
the ani mal nodel is, these autoi mmune prone mce
MRL++ were found by Khan et al to provide an aninma
nmodel that showed an increase in an immune response
in these animals following treatnent with
trichl oroet hyl ene.

So we are using the sanme ani mal node

treating in the drinking water w th
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trichloroethylene to try to ascertain what kind of
cyt oki nes woul d produce these autoi nmune nmarkers
that are and produce nephrotoxicity present in
different organ systens including the liver, the
I ungs and the ki dney.

Qur treatnment is trichloroethylene at the
0.1, 0.5, and 2.5 mlligranms per kilogram This
calculates to be for the 0.1 dose and treatnent it
woul d be--the 0.5 is around 100 mlligrans per
kil ogram per day. There appears to be a decrease
inthe 2.5. Now, how are the T-cells activated?
W initially used two different markers, CD 44,
which is just a marker for T-cell activation; an
increase in this T-cell surface marker would
i ndi cate activation of the T-cells.

W also utilized another T-cell marker
CD45RB. A decrease in this T-cell surface marker
woul d be indicative of T-cell activation

This is flow cytonmet ry, gated on CD-4-positive T-
cells. This first colum is CD-44, and
this colum is CD45RB. What you woul d be | ooking

for with CD44 woul d be an increase or an increase



or CD44 high following treatnent with
trichloroethylene. As you can see, there is a
shift to the right where an increase in the T-cells
that are expressing this on the cell surface. Now,
with CD45RB, you are |looking for a shift to the
left or a decrease followi ng TCE treatnent.

There does appear to be activation of the
T-cells, and it appears to be in a dose-dependent
manner in both the CD44 high and the CD45RB | ow.
So we do have T-cell activation; now, what kind of
activation is this? The T-cells can mature into
two different kinds of mature T-cells, either an
i nflammatory type of response or a THl type of
response or a hunoral type of response or an
ant i body- produci ng type of response or a TH2 type
of response.

W use the markers gamm interferon and
IL-4 as our markers for these cytokine profiles.
SO following TCE treatnment, we have a dose - dependent
i ncrease and a significant increase at
the 0.5 milligrams per ml |evel of gamma

interferon. This is at the 4-week tinme period
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followng treatnment with trichloroethyl ene, and we
found that there were no change in the 104 |evels
follow ng trichloroethyl ene treatnent.

So this is indicative of a THL t ype of
response or an inflammtory response. And this
same pattern was foll owed at 32 weeks follow ng
treatment with trichl oroethyl ene. There was an
increase in ganma interferon with relatively |eve
cytoki ne secretion of 104, so it's a THL type of
response.

W investigated the liver, the lungs, the
ki dney, for serum markers of toxicity and al so
histologically for any kind of toxicity or increase
in fibrosis. The only thing we found in serum
markers was a mld increase in alanine amno
transferase levels, which indicates a mld toxicity
in the liver.

Now, | ooking at the liver histologically,
we found that there appears to be a nmassive
infiltration of nononuclear cells that were in the
trichl oroethyl ene treated group and not in the

control group. The infiltration, as you can see
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here, was primarily localized around the periporta
region and not the centrilovul ar region

A pat hol ogi st working with us, Dr. Laura
Lance, blindly evaluated the histology slides for
portal infiltration and found that there was a
significant increase at the 0.5 mlligrans per mnil
I evel, so there was a significant increase in
portal infiltration. She also scored the
hepat ocytes for reactive changes, neani ng changes
in multiple nuclei, changes in the nucl ear, changes
in the pathological --in the nuclear picture, and
nuclei that were in mtosis.

And in these reactive changes, even at the
21 mlligram per kil ogram per day |evel, she found
significant differences in the hepatocytes. The
picture with a mld hepatic damage, periporta
infiltration, and reactive changes, she determ ned
that this picture, the histopathol ogi cal picture,
resenbl ed i di opat hi ¢ aut oi nmune hepatitis.

So, not only does trichloroethyl ene cause
an increase in an autoi nmune response, such as

increases in antinuclear antibodies, it al so causes
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or exacerbates an autoi nmune hepatitis.

This is our overall schene for possible
mechani sns by which trichl oroethyl ene could cause
an aut oi nmune di sease. You know, of course, there
i s pol yrheunmet abolism there is coval ent binding
of proteins. There is activation of T-cells into a
TH-1 type of response. D cells nust be invol ved,
because there are increases in antinuclear
anti bodi es.

W al so found increases in an antichem ca
response, but we find that that's probably a m nor
response. Endothelial cells are damaged by
increases in--there's an endothelial cell injury.
There's activation of macrophages by proxy nitrate
and nitration of tirosines. But we want to focus
on what could be--is one of the netabolites. 1s a
met abolismrequired for this activation of T-cells?

So in this next study, we used the same
mce, the MRL++ mice and treated it for four weeks
with the trichl oroethylene. W also had an osnotic
punp that chronically treated the mce with

diallele sulfide. And in this study, this is a



Western Blot with anti body events; the cytochrome
P450 2E1. Diallele sulfide is a cytochrome P450
2E1 inhibitor, so we were trying to inhibit the
met abol i sm

You can see in controls there's a nornma
high level of the CYP2El. Wth diallele sulfide,
this is dramatically decreased, and with the TCE
it was al so decreased, and TCE with diallele
sul fi de was an additional decrease.

Now, | ooking at metabolism utilizing the
ant i body against the nodified proteins, with
trichl oroet hyl ene, there was the normal 50
kil odalton protein. This is just an indication
that there is oxidative netabolismby cytochrone
P450. And when you inhibit the CYP2El, there was a
decrease in netabolic activation, so there's a
decrease in oxidative netabolism

Now, is there sonme sort of decrease with a
marker for T-cell activation? This is using mce
treated with trichloroethylene or diallele sulfide;
the mitogen response to Con A. Wth just TCE

there was a dramatic increase in the mtogen
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response, so there was an increase in activation
and this was bl ocked by inhibiting cytochrone P450
2E1, so netabolismis required for the T-cell
activati on.

Now what coul d be sone possi bl e mechani sns
by which trichloroethylene or its netabolite,
primarily its netabolite, could i nteract with the
i Mmune systemto cause this T-cell activation?

It's an overall T-cell activation, not just a
response directly against a certain protein. So in
order for that to happen, there has to be overal
panactivation of the T-cells, and that can happen
say, wWith superantigen; it could activate T-cells
in the nonspecific pan activation, or it could be
an increase in hytolonic acid, which is the
receptor for the CD44.

But there recently was a paper produced by
Rhodes et al; it's a Nature paper, and by--the
normal activation of T-cells is through a T-cel
receptor MSE class 2 with a presentation of
peptide. This is signal one. But you al so have

costimul atory nol ecul es such as B7 and CD28. The



interaction of B7 and CD28 is a shift -based
formation, and this initiates the signa
transduction to activate the T-cells.

VWl |, Dr. Rhodes has shown that you can
use an al dehyde in place of the B7 that will forma
Schiff's base space on the CD28, and that al one can
activate the T-cells in a nonspecific manner. So
our wor ki ng hypothesis is that --thank
you--trichloroethyl ene is oxidating nmetabolites to
trichl oroaci dal dehyde. This acid al dehyde can
interact with the CD28, form ng a Schiff's base,
and of course, trichloroacidal dehyde chloral is in
equilibriumw th trichl oroaci dal dehyde hydrate or
chl oral hydrate.

So today, I'mgoing to refer to this as
trichl oroacet al dehyde hydrate just to enphasize the
this is an acetal dehyde capable of formng a
Schiff's base with CD28. Now, first of all, can
trichl oroacet al dehyde forma Schiff's base on the
cell surface of T-cells? Using flow cytometry and
using the anti body that was produced to

di chl oroacetyl chloride, an adduct, we found that
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that cross reacts, that anti body cross-reacts with
the Schiff's base. The Schiff's base is al so
stabilized with sodi um cyanoborohydrate so that we
can detect it with the flow cytonetry.

This is an increasing concentration of
trichl oroacet al dehyde hydrate incubated on T-cells,
and you can see there's a concentration-dependent
increase in Schiff's base formation on the T-cells.
We also found--this is a proliferation assay in
whi ch you had a very | ow concentration of anti-CD3,
hi gh concentrations of anti -CD3 will cause
proliferation in T-cells. But at |ow
concentrations, you can see an effect from
trichl oroacet al dehyde hydrate at 0.2 mllinolar and
1 mllinmolar concentrations. So the al dehyde by
itself can activate T-cells or cause an increase in
proliferation.

W al so | ooked at, on the cell surface,
CD28, a cell surface marker, is not only the
costimulatory nmolecule but it is also a marker for
T-cell activation. On this side, we didn't treat

the cells with anti -CD3. You can see by itself,
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the trichl oroacetal dehyde hydrate increases the T-cell
marker for activation. Wth [ow | evel s of

anti-CD3, this increase is dramatically

denmonstrated foll ow ng TCAH i ncubati on

Anot her marker for T-cell activation,
whi ch appears to be a very sensitive early marker
is the increase in CD-62L, | nean, the decrease in
this CD-62L, so you're looking for CD-62 |low or a
shift in the curve to the left. And follow ng
i ncubation with TCAH, we found a dose-dependent
increase in this activation marker of CD-62L, a
decrease or increase in the | ow.

So T-cells are activated just by
incubation in vitro with the al dehyde. Now, can
the sane thi ng be produced in vivo, so in our sane
ani mal nodel, the MRL++ mice, they were treated in
drinking water with trichl oroacetal dehyde hydrat e,
and we | ooked at T-cell activation nmarkers. W
found that there was a dose-dependent increase in
the T-cell activation marker CD-62 L low, so the T-cells
followng treatment in vivo with

trichl oroacet al dehyde hydrate activated the T-cells, and

37



they activated it in a TH-1 type
response with increase in gamma interferon in a
dose-dependent manner with IL-4 remaining stable.

I'"d like to thank primarily Kathl een
Gl bert, who is the immunol ogi st that's working on
the project and ny postdoc, Sara Bl ossom Joe
Giffin did the initial TCE in the MRL++ m ce and
Dr. Laura Lanps for our histopathologist. And I
would like to entertain questions.

[ Appl ause. ]

QUESTION: H, Jay Pandey from Medi cal
Uni versity in Charl eston.

I was interested in your costinulatory
studies with B7 and CD28. Did you get a chance to
check out the conpetitive antagoni st of CD28, that

is, CILA4?

DR PUMFORD: Have we antagonized it? No.

QUESTION: So you don't have any data on
the CTLA4, which is the negative revelator of the
costi nmul ati on.

DR PUVFCRD: |'m confused now.

QUESTION: CD-28 and B7 shoul d be there.
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Now, there is a conpetitive antagonist of CD- 28,
CTLAA. Do you have any data on TCE and CTLA4?

DR PUMFORD: No.

QUESTI ON: Now, one ot her question

DR PUVFCRD: W don't even know for sure
that the al dehyde is bindi ng to that area yet.

QUESTION: Ckay.

DR PUVFCRD: Because we haven't bl ocked
it. W haven't shown it binding directly to that.
We've found that it is binding to the cell surface.
W don't know where yet.

QUESTION: I n humans, autoi mmune chronic
hepatitis is SLA associated, and ny question is,
does the H2 genotype occur in mce, it is anal ogous
to or honol ogous to the HLA m ce you used?

DR. PUMFORD: Yes, | know. |'msorry;
don't renenber. Kathleen Glbert would know that.

QUESTION:  And you did not find any
fibrosis, no effect on fibrosis?

DR PUVFCRD: No effect on fibrosis.
That's one thing | neant to point out is that in

our nodel, we did not find the fibrosis, which is
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the classical indicator in system c scl erosis,
which is primary di sease that you found.

QUESTION:  How did you check for it? Dd
you do a col |l agen assay?

DR. PUVMFCORD: Both, histologically and
mar ker s.

QUESTION: Dick Bull, MBull Consulting.

Just to help ny ignorance, what's the
basis of the sensitivity of the MRL++?

DR PUVMFORD: Wiy are they sensitive?

QUESTI ON:  Yes.

DR PUVFORD. The MRLPR have a defect in
their liver LPR gene, so they develop |upus very
early in their life. But the MRL++ mce, they're
not sure exactly why, but they are genetically
predi sposed to, within the first two years of their
life, they will develop lupus-Ilike synptons, the
mce, and usually die within two years due to
ki dney failure.

QUESTION:  Joann Cal dwel |, USEPA. | was
| ooki ng at probably about your third slide, when

you, | believe, antibodies, autoantibodies, and it



41
| ooked like you had a paracentral increase in
staining in your hepatocytes. And yet, later on
when you did other experinents, you had a
periportal infiltrate.

I wanted to see if you could comrent on
that, and al so, did you see evidence of Kupffer
cell activation in the periportal triad with your
infiltrates?

DR. PUVMFORD: Those are very excell ent
questions, because that's what | pointed out in the
manuscript. The adduct formation on the netabolism
was centroovular. The disease is periportal. So
how does--you know--why is there a response agai nst
the periportal? |1 do not know the answer to that,
but | do, now that there is--

QUESTION: That tends to be where the
Kupffer cells hang out.

DR. PUVMFORD: Histol ogically, we | ooked
for Kupffer cell activation using, you know,
nitrotirosine as a marker for activation of the
Kupffer cells, and it appears to be throughout t he

whole liver. And they are activated. But it was
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not centroovul ar, not periportal. It was
pangl omul ar, to answer the second part.

QUESTION:  Larry Moore, Medical University
of South Carolina. | was wondering with respect to
the infiltrate of the liver, whether you | ooked at
the CD4/CD8 ratio, assumng that there are
nonoceyl ynphocyt es.

DR PUMFORD: W attenpted to do that
usi ng i munohi st ochem stry, and the antibodi es were
human and did not crossreact with our nouse. All
we were able to do was detect CD3, so we know it's
a mxture, you know, we know it's CD3 positive; in
fact, not all of themare CD3 positive, so we don't
know the ratio of C4. W did try to do that and
wer e unsuccessf ul

QUESTION:. And | amalso interested in
whet her you saw or | ooked at sone of the same
markers that we typically see in human autoi mmune
hepatitis where, you know, hypergammagl obulin
anem a, you know, nonocl onal hyperganmmagl obul i n
anem a is common; certainly, antinuclear

ant i bodi es, ANCA, those type of things. D d you--
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DR PUVFCRD: W found increases in
i mmunogl obul i ns.

QUESTION. R ght.

DR PUVMFORD: Hyper ganmagl obul i n anem a
O her markers, we did not look at. But we did find
an increase in i munogl obulins, both ITMand ITG
and think it was primary--1 forget.

QUESTI ON: Thank you.

DR BURCH JimBurch from Col orado State.
I was--if | understand and followed all of this
correctly, you are hypothesizing that the Schiff
base protein adduct of TCAH that forns with CD28 is
the adduct that is stinulating an autoi mmune
response, so | was just wondering, did you do the
experinment to | ook for autoantibody formation after
exposure to TCAH?

DR. PUVMFORD: Yes, and this i s very
prelimnary data that data we | ooked at it so far
at the four weeks, we did not see it. But that's
not unusual. It could happen at the 16 or the 32
This experinment will go out 40 weeks, and it has

not been done yet.
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DR. WANG  Jung-Der Wang from Nati onal
Tai wan University. M/ question is when you say
that you have not found fibrosis in the liver, how
| ong have you treated these mce?

DR. PUVFORD: That group of animals were
treated to 32 weeks.

DR WANG Could you give nme an idea,
these 32 weeks are conparable to human, how | ong,
inlife span?

DR PUVFCRD: The nouse won't |ive nuch
more than 3 years at the nost, so 32 weeks is
m ddl e-aged, | guess. But you have a good point.
We are extending our experinent to try t o see if
there is fibrosis later. That is one of the things
I am hoping for that we will have to see.

QUESTION:. Mles &kino with the EPA |
was wondering if you | ooked for 1L10 or TBF-beta or
other markers that are sonewhat associated with
what people are calling regulatory T-cells.

DR PUVFORD: W did not. Those are good
suggestions to do that, but we have not.

QUESTION: Do you see autoantibodies to
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the adduct that you're denonstrating? |[|'m not
tal ki ng about the chloral hydrate adduct, but I
understand that to be a dichl oroacetyl --

DR PUVMFORD: W find antibodi es agai nst

QUESTI ON:  Yes.

DR PUMFORD: Yes.

QUESTION:  So you do get sone
aut oanti bodi es there?

DR PUVFORD: Ve have autoanti bodi es
agai nst proteins that are nodified by the drug, by
the chem cal .

QUESTION:  Ri ght

DR PUVFORD: But it's not a very
i mpr essi ve response.

QUESTI ON.  Ckay.

DR PUVCRD: So | don't think that's a
maj or contributor to the disease.

QUESTION:  John Di Sesso fromMtre Tech
Systens. \What di sease are you proposing that this
is associated w th?

DR PUMFORD: Is trichloroethyl ene
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associated with in ny animals? 1t's autoi mmune
hepatitis. |Is that the sane as it is in human
exposure? GCenerally, human exposure seens to be
associated with system c scl erosis.

QUESTION: |Is there an ani mal nodel ?

DR PUVMFORD: But there's always a
component of both |upus and system c sclerosis of
an aut oi nmune conponent to the liver simlar to
aut oi mune hepatitis in humans in the idiopathic
di sease.

QUESTION: So if you extrapol ate that, do
you think that then TCE exposure can be associ ated
with sone of these, like, you know, sclerosis or
with SLE?

DR PUVMFORD: |'mnot saying | knowit is
or anything. This is what we get in our aninal
nmodel , and the epidemology is--

QUESTION:  How big were your group sizes?
You had graphs that had arrow bars, but how many
animals were in this? You said it was prelimnary
data. How prelimnary?

DR PUVFORD: The | ast ones were



prelimnary. The data before that it was not
prelimnary. It was eight animals per group.

QUESTI ON: Ckay; thank you.

DR PREUSS: Cood; | think we have to nove
on. Thank you for all of the questions. Thank
you.

And our next speaker is Paula Johnson from
the University of Arizona-Tucson, and she will talk
about TCE and fetal heart devel opnent.

DR JOHNSON: Al right; 1'd like to thank
Kate for her assistance and the EPA for inviting me
to come and participate. They' ve asked ne to cone
and tal k about our research with TCE and fetal
heart devel oprment, so I'Il give you a little bit of
history first.

W started | ooking at TCE based on sone
epi dem ol ogi ¢ studies that were done by Dr.

Col dberg, who is a pediatric cardiologist that I
worked with. He noticed that there were a ot of his
patients com ng fromone area, two basic ZI P Codes

in the Tucson basin, that had a high incidence of

heart defects conpared to the rest of t he children
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that he was seeing in the Tucson area.

W all knowit's a worldw de contam nant.
In Tucson, back in the fifties, we had a | ot of
airline or airplane industry going on. They had
used TCE as a degreaser or solvent; clean the
engi nes off and taken the waste way off into the
desert, out away from everybody, |ong ways away,
dunped it into the desert, and by the 1980s, that
TCE had gone into the groundwater and travel ed
toward the City of Tucson

The wells were closed in 1980 because of
high levels. He (Dr. Goldberg) noticed that this happened to
the sane, the plunme of contam nation was the same
as the ZI P Code that he was seeing these high
nunbers of patients from so they did an
epi dem ol ogi ¢ study and found that indeed there was
a difference between those patients; there was
about a threefold increase in that area compared to
the rest of the Tucson basin. So that's why we
started in this project.

Initially, we |ooked at the chick enbryos

just to see if there was in fact something going on

be
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between TCE, DCE. There was al so chrom um
i nvol ved, but we haven't exami ned that aspect to
dat e.

So, we | ooked at the chick enbryo and used
TCE and DCE at high levels and found that indeed
there were an increased nunber of heart
defects and a variety of heart defects, which is
just what we found with the human patients.

The next step was to |l ook at the mammal i an
nmodel , and we chose the Sprague-Daw ey rat because
it denonstrated a | ow i nci dence of spontaneous
heart mal formations, sanme as with the human
popul ation, about 2 to 3 percent. W initially did
an intrauterine study, which was a pretty
provocative way of exposing these animals to TCE
but we wanted to know if this was actually going to
be a problem If we couldn't denonstrate heart
defects using that type of a nodel, there was no
point in going on.

So obviously, we found an increased nunber
of heart defects and decided to use a nodel that

was nore simlar to how humans were bei ng exposed



50
in the drinking water. W | ooked at both
prepregnancy or that tine before they becane
pregnant, before pregnancy and during pregnancy and
then during pregnancy al one. W used high doses of
TCE; 1100 parts per mllion was our max dose.

We did find that there was a significant
increase in the nunber of heart def ects that were
found if the animals were treated during pregnancy.
If it was just before pregnancy, we didn't get an
i ncreased nunber of defects. So it |ooks like it
i s occurring during organogenesis.

We found a significant increase,
and again, these were at the high levels, 1,100
parts per mllion, and a variety of heart defects
was found. So the next step was to do a dose-response
study. We used the sane net hodol ogi es
that we used in the prior studies. W nonitored
the females on a daily basis. W gathered tine
pregnant animals, so we knew exactly when their
pregnanci es began. And on that first day of
pregnancy was when we started the TCE dri nking

wat er .



The waters were changed every 24 hours,
given a fresh solution. There was about a 35
percent degradation of TCE, so that was taken into
account. W nade special water bottle covers to decrease
a light breakdown and then changed them every 24 hours.
They were exposed during their entire pregnancy, so
fromday O through day 22. The femal es were wei ghed
every day. Their health was nonitored. W wanted
to make sure that this was not affecting the
pregnancy in any way. W didn't have any results
that were affected by the fermales and their
pr egnanci es.

W then woul d exam ne, at day 22, and the
ani mal s were euthani zed. W |ooked at the naterna
rat for any abnornalities; we |ooked at the fetuses
for abnormalities; |ooked at their hearts in situ
and then renoved the hearts for |ater exam nation

There were three of us | ooking at the
hearts. W had Dr. CGoldberg, a pediatric
cardi ol ogi st, Dr. Dawson, who was a pathol ogi st,
and nyself as a veterinarian, |ooking at these

hearts individually. If we felt they were



abnormal , they were placed into another pile, and
we woul d all go through them together.

To be on the conservative side, al
three had to agree that yes, that was a defective
heart. |If there was any question, it was placed in
the normal batch, because we wanted to be on the
conservative side

In this--the concentration | evels we used
in the dose-response study, we used the high dose
of 1100 parts per mllion, which was the maxi mum
solubility we could get; about a hundred fold | ower
of 1.5 parts per mllion. W used 250 parts per
billion based on the fact that the high I evel found
in the Tucson wells was 270 parts per billion, so
that was our low point. Then, we went hundred fold
lower at 2.5 parts per billion

I also put on this slide the average dose
on a mlligram per kil ogram per day basis. This
was taking into account the breakdown of the TCE
over that 24 hour period; the amount of water that
the ani mal s drank, that was recorded every day, in

association with their weight gain, which did not
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stay the sane. As they were getting pregnant, that
increased. So it was a fun mathematical chore
trying to figure all that out. So these are the
doses, the average doses per kilogramthat we used.

Now t he groups the we used, we needed
statistically 100 fetuses per group in order to
gain statistical significance. So the nunber of
mat ernal rats varied dependi ng on the nunber of
fetuses that they had. W have a | arger nunber of
control animals, because we ran concurrent controls
with those groups.

The types of heart mal formations that we
found were varied, just as has happened fromthe
begi nning in the human studies or the human
epi dem ol ogy study, the avian study and then the
rats. There is a large variety of heart defects.
The primary ones that we found were ASDs, atrial
septal defects, and VSDs, ventricul ar septal
defects. This makes it difficult in trying to
figure out, at a nolecular level, what's going on,
because all of these things occur in the whol e span

of heart developnent, so it nmakes it very difficult
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to pinpoint what TCE is actually doing and howit's
perturbing the genes.

We are using the atrial septal defects and
the VSDs to kind of pinpoint and give us a star ting
pl ace as to where to begin, so we'll get into that
in a mnute.

The nunber of abnormal hearts that we've
found, you can see on the far right, the 1,100
parts per mllion showed a statistical si gnificance
| ooking at on a per fetus basis. Now, the two
|l ower levels, the 1.5 parts per mllion and 250
parts per billion, were about doubl e that conpared
to the control, but they were not statistically
significant. And we don't know why, but the 2.5
parts per billion showed no heart defects at all

Now on a percent litter of abnorma
hearts, this nmeant that in a litter, they had to
have at | east one abnornal heart, and at the high
dose, we had 66.7 percent abnormal hearts, and
again, the two | ower doses, they were increased,
nore than doubled fromthe control, but not

statistically significant.
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W then gave all of our data to a
statistician, and she did a probit analysis to | ook
at the expected effective dose, to see if we have
actually a dose-response going on. And on the
| ower corner of the left--sorry--fromhere to here
i s where our studies occurred, but carrying this up
with the probit analysis, the effective dose of 50
percent aninmals that woul d have had heart defects
woul d have to have 2,692 parts per mllion

So it's a high level, but this gives us an
indication that there is in fact a dose-response
going on with TCE

The other study that | was asked to talk
about today was conparing our study to one that
was involved with with Dr. Fisher and his group at
Wight Patterson. They asked me to get involved so
that we could be using the same met hod of | ooking
at the heart defects, so we were having the sane
SOP, basically, for exam ning.

Their study used rats. They did a gavage
of TCE on a daily basis fromday 6 to day 15, and

the differences between these two studi es have



raised a |l ot of questions. They only found 4.5
percent or we in that study only found 4.5 of the
fetuses with abnormal hearts, whereas our study,
using the drinking water, had 10.4 percent. That's
a pretty big difference.

They had 60 percent of the litters with
mal f or mati ons, whereas, we had 67. Qur controls
were pretty close, 2.9, which is in that 2 to 3
percent range, and they al so used a soybean contro
at 6.5 percent.

So why did we have these differences?
What was different about these two studies? In
t hi nki ng back on themand trying to figure out what
is going on, we feel that it's probably the nethod

of delivery, difference between a soybean oi

gavage versus the drinking water, which is on a 24 -hour

basis, and the days that they were treated

In the Wight Patterson study, they used gestation
day of day 6 to 15. The heart has already started
to differentiate by day 6, so we may have m ssed
some of those early defects that woul d have gone on

had it been treated earlier, and in the drinking
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water study, it started fromday 0. So it has
rai sed some questions and sone things that we need
to ook at.

The next portion of our studies, which is
what we're currently working on, is the genetic
expression, howis TCE affecting the heart to cause
these defects? W are again using tined pregnant
danms, and they start their treatnents on day 0 of
pregnancy. W are collecting the enbryonic hearts
at day 11. This is a time when there is a |ot of
devel opnental processes specifically with the heart
that are going on. That AV canal is starting to
form The heart is beginning to loop. So there is
a lot going on in devel opnental tines.

To do it earlier would be good, but
there's not enough tissue to generat e for the RNA
analysis that's needed. So this was the best tinme
point. There is a lot of data that has gone on in
the nouse for this tine point, so we know
genetically what is happeni ng and what shoul d be
expect ed.

So we used RNA isolation, collected the
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RNA; did subtractive hybridization and then used
several assays. W generated 160 clones to
anal yze, and these were grouped because there were
so many based on their functionality, so we had
housekeepi ng genes, stress response genes and then
the potential devel opnental processes dealing with
the heart and the cardi ac devel opnent. And we had
9 CDNAs that were sequenced that showed to be
sensitive to TCE exposure.

So the two that we kind of honed in on
based on sone other studies and with the nouse
nodel s was the Serca 2A, CA2+, ATPase, and the rat
GPl - p137 genes. As you can see on the right, the
expression of those genes is decreasing. It's
bei ng downregul ated as the concentration of TCE
increases. And the control is on the left; 100
parts per billion up to 100 parts per mllion, and
it does show a dose-response, as we found with the
live studies.

So the conclusions that we've cone to is
that TCE exposure in rat does cause an increase in

cardi ac mal formati ons when given in the drinking



wat er exposure, and that's started fromthe

begi nning of pregnancy to the end. It does seemto
i ndi cate a dose-response based on our |ive node

and on the enbryonic tissue. The downregul ati on of
the genes, Serca 2A and P137.

So the goals of this project are to
continue with the gene sequencing and see if we can
nore delineate the nol ecul ar nechani sns of how TCE
is involved in causing these heart defects. W do
need to stress that we can't extrapolate directly
to humans. That's not quite possible yet. W're
working on it. W obviously feel this is
inmportant, and there is a link, and that's why
we' re conti nui ng.

These are the investigators that |'ve
worked with over t he years. Dr. Dawson and Dr.

Col dberg were the two who were involved at the

begi nning. They have both since retired. Dr.
Selmn is the nolecul ar biologist that I am
currently working with, and she's doing a great job
| ooking at the nol ecul ar aspects. Dr. Collier is a

graduat e student who has started working with
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these, and he is now over in California. Dr. Mys
is our statistician, who without her, there is no
way we could do any of this.

And then, the research technicians have
been fantastic. Everyone involved in this project
has been very dedicated, and we all believe in what
we're doing, so it's been a good project. And we
really need to thank the NI EHS for their Superfund
grant support. It's kept us going.

Answer any questions?

[ Appl ause. ]

QUESTION: Hi, I'mJohn D Sesso fromMtre
Tech Systens.

It's an interesting situation. One of the
things that I notice about your data--1've | ooked
at your data a nunber of times--is that there's
certain statenents that you nake that | don't know
where they cone from for instance, that the heart
is differentiating on gestational day six. When
you say differentiating, what do you nean by that
by that in that sense? Because by day 6, the

zygote is just inplanting.



DR JOHNSON:  It's just inplanting, but

cardiac looping is starting to begin; it's already

started to--1 don't know how to exactly word it.
QUESTION:  well, | would be very
interested. | would really like to see the data on

that, because |'ve done a |ot of work on that, and
there shouldn't be any | ooping at that point.

DR JOHNSON:  Well, it's the beginning of
all of those systens have started. That's why
we're doing it at day 11. W're taking the enbryos
at day 11 because that's when it's starting.

QUESTION: But the claimis that the dose,
the difference in when the material was
adm ni stered, begi nning on gestational day 6 or
begi nning on gestational day O, the inplication is
that the exposure, | guess, needs to be occurring
earlier than inplantation in order to have these
effects. And |I'mjust wondering why you believe
t hat .

DR JOHNSON: Well the fact that we're
getting--we're seeing such a large difference in

t he nunber of heart defects fromthose who are
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treated fromday O throughout pregnancy fromthose
fromjust day 6 to 15, there has to be some kind of
a difference that went on, and whether it's the
met hod of exposure, whether it's just the one day
dose versus the continual, or whether it's that
onset of when the heart is starting, | mean, that
whol e process starts before day six. Even though
it has not yet inplanted, the whole enbryo is
devel opi ng.

So to get those started earlier, we're not
sure, and that's why we need to do nore research on
t hat .

QUESTION: Al right; 1'Il let you go on
that, but I'mnot convinced. But one of the other
things | wanted to ask you about, then, is when
you' re | ooking at these things, your idea that you
need 100 fetuses to get statistical significance is
i nteresting, because when one does safety
assessnment, one isn't worried about the nunber of
fetuses. Wen you do statisti cs based on the feta
nunbers, you're going to overestimate your risk

So nost people do two things. First of all, they



i ncrease the nunber of litters, and generally, it's
acceptabl e that you have at |east 25 per dose
group, and | think the highest you had in the
treated groups was, like, 13.

DR JOHNSON:  Ri ght.

QUESTION:. And that the Ii tter percentage
that you used isn't the litter percentage that's
normal Iy used. Normally, you take the percentage
of affected aninmals per litter; this is like a
percent of a percent. So instead of saying | had 6
out of the 10 litters had an affected dose doesn't
mean | had 60 percent affected litters. They | ook
at the nunmber of animals in each litter as a
percent age and then average those to get rid of
sonme of the big variance, because you get a | ot of
variance in that.

And with the small nunber of animals you
have, it's tough to understand where your data are
going to take us.

DR JOHNSON:  Well, if, yes, we could get
the funding to do a lot nore animal studies, we'd

doit. It's been a real problemto get the anina
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nunbers. | nmean, we've dealt with the statistician
to try to generate the nunbers that we needed, and

when we first started these studies, people were

| ooki ng at the nunber of fetuses, not the nunber of
litters. This was 15 years ago this was started.

So we have been trying to keep consistent with that
yet increase the nunbers

It's been a juggling nightmare trying to
get the funding to do all this. And that was 1,100
hearts to do this dose-response study; that's a
long-termproject to do, so and it's very tinme
consunming to do that.

QUESTI ON: Have you done hi st ol ogi ca
things at tines during gestation to see if there
were actually effects on the heart that you could
pi ck up?

DR JOHNSON: W did initially. Wen we
first started in 1988, we did histol ogy studies and
found that there were no differences. The
myocar di um does not seem to be affected, at |east
fromthe initial studies that we did

QUESTI ON:  Ckay.
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DR PREUSS: Dr. Bull?

DR BULL: Yes, this is Dick Bull from
MoBul | Consulting. I'minterested in two things,
mai nly. Have you published the information on the
mol ecul ar changes? | don't renmenber if those were
transcripts or--

DR JOHNSON: No, it's in Birth Defects
Research. It was published this |ast year

DR BULL: Last year? kay; and you're
the first author?

DR JOHNSON: No, | think I"'mthird on
that. Dr. Collier was the first author on that.

DR BULL: Okay; thanks.

DR BURCH JimBurch at Col orado State.
Thanks for an interesting talk. | was just
wondering, | wonder about whether there was any
aversiveness to consunption of drinking water at
those high doses. Did you look for differences in
wei ght gain in the nothers or anything like that?

DR JOHNSON: W sure did, and we were
concerned about that, because the high | evels of

TCE, | nean, it snells bad; it tastes bad. As a
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veterinarian, we don't give anything to ani mals
unless we take it ourselves. So | triedit. It's
horri bl e.

[ Laught er.]

DR JOHNSON: After about the second day,
they adjust to the water, and they drink it. W
had a couple of instances where the water bottles
woul d break, and we'd have to give themregul ar tap
water. They wouldn't drink the tap water. They
like the TCE after they get used to it.

[ Laught er.]

DR JOHNSON:  Yes, it was really rather
odd. Wen we did this study with the netabolites,
the TC ethanol, they' re really very happy rats. They
really liked that one. But the TCE and the TCA
that we've tested, they do seemto adjust to it
and they drink normal ampbunts of water. W
monitored the water every day. W nonitored the
wei ght gain to nake sure we were getting adequate
anounts of food and water into them and they do
adjust really wel I.

Vel |, thank you



DR PREUSS: One second, | think there may
be one nore question

Paul ?

QUESTI ON:  Paul Deergard, HSIA. | should
probably point out that it's not just your studies
versus Jeff Fisher's studies, but there are a
nunber of other studies, inhalation studies
i ncl udi ng some very high dose studi es done by EPA
where there are no reports of increased cardiac
abnormalities as well, just to keep the record
straight.

DR JOHNSON:  Yes, | was just asked to
comment on the fact that | was involved wi th Dr.

Fi sher's study as well, so that's why | could
comment on that one, but yes, you're right. There
are sone differences, and that's why we're not
exactly sure we're | ooking at the genetic level to
see if we can determ ne what genes are being
pert ur bed.

QUESTION:  Just a quick one. Did you | ook
for any other mal formations besides--

DR JOHNSON:  Yes, we did. Wen we
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initially would sacrifice the animals, we | ooked
grossly at the nother and at the fetuses. W found
very few other abnormalities. W found no tunors.
Birth defects, otherwise, we found a couple. |
mean, much | ower than we woul d have had expected on
a normal basis, but both the controls and the
treated animals were statistically norma

QUESTI O\ Yes, because sonething with
that response, you woul d expect to have seen a
nunber of other changes as well.

DR JOHNSON:  Yes, we did; long, short
tails, toes, all that; everybody was really norma
and normal weights. W expected to see sone | ower
wei ghts, but the fetal weight was fine

DR PREUSS: Well, thank you and we thank
the first three speakers.

W have a little extra time for our break
but we'll reconvene at 10:00 pronptly. Thank you

[ Recess. ]

DR PREUSS: Can | ask everybody to take
their seats so that we can get started again,

pl ease?
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Qur next speaker is Dr. Quengerich from
Vanderbilt University, and he's going to be tal king
about netabolismof TCE and coval ent bi ndi ng of
reacti on products.

DR GUENGERICH: Good norning. 1'd like
to talk to you about the indicated title. |
appreciate the opportunity to be here. [|'ve been
wor ki ng on trichloroethylene in one way or anot her
off and on for the last 25 years. 1In the |ast
year, | have been actually involved in a practica
issue with alleged trichl oroethyl ene contam nati on
in Dickson, which is about 40 nmiles away from
Nashville, and you can read sone of our conments on
the issue at our Website for the toxicol ogy center

There had been quite a bit of press. It
turns out we really don't know how much
trichloroethylene is there or if that's really a
problemor not. Unfortunately, most of the
attention has been paid to some potential tort
cases, and when sone of the celebrity | awers
pull ed out, I think because of |ack of interest or

avai | abl e noney, the press has died down on this
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particul ar subject.

Well, that's so nuch for the practica
issue. Now, I'mgoing to talk about the science or
the basic science, | should say, and I'mgoing to
talk primarily, well, really, everything |I'm going
to talk about is going to be about basic netabolism
and al so sonme raw chem stry. | shoul d apol ogi ze.

I think in vivo work is very inportant, but |I'm not
going to tal k about any today here.

I"mgoing to talk about reactive
met abolites and the potential for these being
i nvol ved in sone of the danage. First 1'd like to
just nention epoxides, and the epoxide of
trichloroethylene will be the central object of
what 1'mgoing to talk about today. In general
when we have aromatic conmpounds or particularly
olefins like trichloroethylene, we have the
potential to form epoxides.

Epoxi des have a nunber of fates. Because
of their ring strain, they tend to react with
nucl eophiles like protein and DNA, and they can

al so be intercepted by the enzyne epoxide



hydr ol ase, which gives a diol, or a conjugation wth
gl ut at hi one transferase to give a gl utat hi one
conjugate. As far as we know, these processes are
not relevant in the case of trichloroethylene,
however, although we do get some of the epoxide,
and that's been the central object of our interest.

Now, if you read the literature in this
area and about epoxi des, one gets the idea that
per haps these are magical things that just sort of
fry things imediately all the time. That's not
really true. They vary considerably in termnms of
their half-lives, and they al so can vary
considerably in terms of their biological effects.

So, for exanple, if we look at this old
study here by Norman Drinkwater with Jimand Betty
Mller, it turns out that some epoxides are quite
stabl e, such as styrene oxide. And it's not
terribly genotoxic; it is genotoxic but not al
that nmuch, and in fact, it has a half-life in water
of about 5 hours or sonething like that.

And as we go up to sone of the benzopyrene-

derived epoxi des, they becone |ess stable and nore
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biologically reactive. GCkay; what about things
that are of relevance in the way of hal ogenated
ol efins and rel ated conpounds? W' ve nade a
nunber of compounds, and some of these are not
hal ogenated olefins. And this comes from
uret hane, but over the years, | think well this
cones fromthe MIllers' work but all of these other
compounds have been made in our |aboratory, and you
can see that they vary in stability too.

These are rather unstable. And in fact,
let's go to the focus here. This is the epoxide of
trichl oroethyl ene. W have synthesized that.

That, if you put that in water, it has a half -life
of about 12 seconds. |If you go to vinylidine

chl ori de epoxide, that half-life is down around 2
seconds. Just for conmparison, the half-life and
reactivity don't necessarily predict genotoxicity.
It turns out that we' ve nade the epoxide of
aflatoxin Bl1. This only has a half -life of one
second. It's extrenely genotoxic.

On the other hand, these epoxides don't

seemto be very genotoxic. The epoxide of vinyl



chloride has a half life of about 90 seconds, and
that's actually pretty genotoxi c and nutagenic
here. So these are sone of the things we've done
and gives you sone kind of a glinpse into what's
goi ng on.

Ckay; what about the netabolisn? Well,
years ago, when we got into this business, the
literature seened to indicate that the epoxi de was
a very transient precursor of chloral. W showed
that that wasn't really true. Qur interpretation
is that there i s an enzynme internediate fornmed by
the cytochrone P450 enzynes that partitions in two
di fferent ways.

One way is to go directly to
chloral, and then chloral goes on to form
trichl oroethanol and tri chl oroacetic acid, and
these can form gl ucuroni des, as you realize. W
al so have a partitioning of this internediate into
the epoxi de. Now, we've nade the epoxide, and
we' ve | ooked very hard, and you really cannot get
this to formchloral. So this is not on the

pat hway.

73



Thi s epoxide, as | nentioned, has a half
life of 12 seconds. W have identifi ed the major
products. One of these is dichloroacetic acid, and
this was the object of sone di scussion yesterday.
We think this is probably the origin of the
di chl oroacetic acid. This is a mnor product
conmpared to the trichloro compounds up here, and we
al so get glyoxylic acid, and we get |arge anounts
of these one-carbon products. That is, we are
splitting the carbon-carbon bond, form ng carbon
nonoxi de and form c aci d.

This is of particular interest, and we've
wonder ed about how you're getting the carbon-carbon
splitting for sone tinme. Sone of our early schenes
had proposed fornyl chloride as an internmedi ate on
the way, and I'mgoing to cone back to this later
It turns out that both of these proposed nmechani sns
are wong, but we do know t he answer now.

I'"mnot going to say nuch about this.
Larry Lash tal ked about the gl utathione dependent
conj ugation yesterday. There's been a lot witten

about that, and it probably has rel evance in
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different systens. But I'mnot really going to
tal k about that.

One al so generates an acylchloride and a
t hi oketene there as the reactive internedi ates.
Here's thioal dehyde as well. [I'mnot going to say
much nore about that today. W' re going to focus
on the oxidative systens. You' ve already heard
that cytochrone P450 2E1 seens to be the mgjor
culprit here as far as we know. W' ve known that
for, well, over 10 years now that P450 2El is t he
maj or player in humans and in animal systens with
nmost of these vinyl nononmers and hal ogenat ed
hydr ocar bons, including trichloroethyl ene, so
that's going to be the object of the main focus
t oday.

| should point out--and this is what I
think is an inportant issue in terns of any kind of
ri sk assessnment or at |east kinetic
predictions--there's a variability in the human
enzynes, particularly the cytochrone P450s, and
this has been nmentioned this norning in regard to

P450 4A11 in humans. It also happens with P450

75



2E1, and we've been involved in sone eff orts over
the years in collaborations with PBPK anal ysis,
particularly with methyl ene chloride, not really
with trichloroethylene in this regard.

There are a nunmber of issues that really
come up when you're trying to really node
popul ati ons where you have variability. The
variability of P450 2E1 is nore than an order of
magni tude in the general popul ation. And that
beconmes inmportant. That's in liver. W don't
really have a good grip on this in some of the
extrahepatic tissues such as lung, heart, things
l'ike that.

There are al so sone issues about which in
vitro paraneters one really plugs into sone of
these nodels. Do you use Vmax, Km or the actua
catalytic efficiency here? So maybe other people will
tal k nore about that, but it's not trivial in terns
of sonme of these decisions.

There have been some efforts, particularly
with drugs, using in vivo clearance in terns of

nmodel i ng and dealing with this variation in the
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popul ation in particular enzynes, introducing
uncertainty factors based on that, nmaking a long--1I
can refer you to these. These particular ones are not with P450
2E1. They're with 2D6 and 3A4. Turns out that
these factors of uncertainty increase with the
encretion fraction of netabolismdue to a single
enzynme.

That is, if you have the netabolism spread
out among several enzynes, you don't really have so
much variation. |If everything is due to one enzyne
in question, then, you' re going to get a |lot nore
uncertainty, and we're going to have w der
variations in the popul ati ons.

So let's go back and tal k about the
chem stry. | told you that sone of our early
hypot heses about how tri chl or oet hyl ene broke down
were wong, and so, eventually, we did work out
what we think is the final answer. | won't go
through the details of this. This has been
published in JACS a few years ago, but we took the
syntheti c epoxide, and we did a nunber of

experinments with OL8 and deuterium-1|abel ed water



and | ooked at the final products and their

i ncorporation of deuteriumand oxygen 18, and these
are really the only pathways that will explain
ever yt hi ng.

I want to point out a couple of things
here. You get down to these acylchlorides, and that
is going to be very inportant in form ng adducts.
Here, we have this derivative here, which is an
acyl chloride; here, we have an acyl chloride. These
are entities that can potentially react with
proteins, and here we have anot her acyl chl oride
that is going to be inportant as well.

W went on in that particular study and
defined the nmechani sns by which the epoxi de reacted
wi th nucl eophiles or at least with lysine. And
this was done the sane way. W took the epoxide
and, by schene of going through those | abels and
finding out by mass spectronetry where they were,
here are the products we get and the nechani sns.

So you can see that the initial attack is not on
the epoxide itself. And in fact, if you start

pushi ng arrows around, you won't get any stable
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products out of that anyway.

The internediate, really, here are these
two acylchlorides. This one reacts with the epsilon
group on lysine to formthis dichl oroacetyl
derivative, and we also get this glyoxal derivative
and also fornyl lysine. This turned out to be very
important. Wy? Because we did nmore studies with
real proteins, and nost of these things are done
with al bumin as a nodel. You can then digest the
protein with a proteinase K and do nass
spectronetry, HPLC nmass spec, to anal yze your
products; here's fornyl lysine; here's
di chl oroacetyl |ysine.

And it turns out --focus your attention on
this box here--that if we react trichl oroethyl ene
oxide with albumn, here's the dichl oroacetyl
| ysine adducts, and I think Dr. Punford had
i ndicated that these were detected with a
particular antibody. It turns out that you have an
order of magnitude nore fornyl |ysine adducts, so
think if you re quantifying the coval ent adducts

formed with protein based on this, this is the
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proverbial tip of the iceberg.

W really have a | ot nore of these adducts
floating around, and these are reasonably stable,
at | east stable enough to survive the overnight
digestions with the proteases to get to this
particul ar point.

Now, this slide--let ne go one nore and
then 1'Il cone back. | nmeant to change that. |
told you about |ysine, but we did another
experiment, and I'Il try to explain this quickly.
We're using insulin here. Insulin is a nodel here.
This has nothing in particular to do with diabetes.
But we took insulin, and we | ooked at insulin directly
by mass spectronetry. Now, what we're doing here
is more or less a direct injection onto an
el ectrospray nass spectroneter. To tell you the
truth, what we do we actually put it on a snal
guard colum, elute all the pr oteins together so
we're not separating any proteins.

Ckay; now, if we treat the insulin with a
fairly high concentration of trichloroethyl ene

oxi de, we see all of these extra peaks. These al



correspond to nodified insulin. And this is
probably reasonably quantitative, because we're
using el ectrospray ionization, so we're not really
changi ng the sensitivity.

So what you can do here is integrate
these, and you can tell how nmany of each adduct is
being formed with the insulin, and in one shot, we
can quantitate the binding to this particul ar
protein. But we did another experinent, and we
took this sanple, treated it with mld base, 0.1
nor mal sodi um hydr oxi de, which woul d not affect the
| ysine residues, but it would affect any ester
groups; did this for 5 mnutes; neutralized it, and
you can see that nost of these adducts, many of
t hese adducts have di sappear ed.

So this would argue that many of the
adducts are not to the lysine group, but they are
to things like cysteine, tyrosine and serine

and these would be unstable. Let's go back to this,
now, and so, what about neutral pH? Well, we did

the experinent again with insulin and also with



ACTH as anot her nodel, and even at neutral pH you
can see that the adducts are di sappearing pretty
rapidly; in fact, they have a half life of about an
hour under these conditions.

And we get down to this level. This
residual |evel presumably corresponds to the |ysine
derivatives, but we've |ost these other adducts.

So they're probably forned with the hydroxyls, that
is, serine and tyrosine and perhaps cysteine. So
let me go on and okay, what does this nean? Well
what we did here, we picked two enzynmes, and these
are known to have critical |lysine groups. And we
nmodi fied these with enough trichl oroethyl ene oxide
so we knocked the activity down by 50 percent.

W didn't want to conpletely obliterate
it, because we wanted to see if this was
reversible. So we knocked this down by 50 percent,
and you can see with tinme, the activity of these
enzynes stays down, agai n because we've probably
hit a critical |ysine group

Now we went to sonme ot her enzynes.

Chymotrypsin is a nmodel enzynme. 1t has a reactive



serine group. D-Amno acid oxidase has an
i mportant cystine group and tyrosine group, and
papai n has an inportant cysteine group

So then we do the sane experinent, and
there's a bunch of baggage here because we're al so
usi ng sone nodel asol ating agents, but the activity
comes down hal fway with the trichl oroethyl ene
oxi de, and now, it cones back over this time
peri od; sane thing happens here; sane thing happens
here.

So in fact we're regaining our activity
again with a half |life of about an hour, and this
corresponds to what we saw when we were doing the
mass spectrometry experiments on the stability of
the adducts. So you can interpret this in a couple
of different ways in ternms of its relevance to
toxicity, et cetera, but the point is we seemto
have a | ot of unstable adducts forned with
trichl oroet hyl ene oxide, and if you go back to the
ol d days when we started and the ways peopl e | ooked
at coval ent binding of proteins, we would have

m ssed t hese, because it woul d have taken us too
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long to do the analysis with radi oactive materi al

We don't think that the epoxide is
particularly genotoxic. W have tried Anes test,
and there's a real response, but it's pretty |ow
W have done experinents with snal
ol i gonucl eoti des, again, using mass spectronetry,
and one can find adducts. Apparently, they're with
guanine; | won't go into why we believe that. But
these are al so unstable, and you | ose these with a
half life, again, of about an hour or actually |ess
in this case. So we have unstabl e adducts fornmed
with nucleic acids and DNA as wel | .

W have gone on, and I'Il go through this
briefly, but we've worked with perchl oroethyl ene or
tetrachl oroet hyl ene as well for conparison. Again,
I think the literature had al ways postulated this
epoxi de as being critically on the way to the acid
chloride and trichloroacetic acid. W don't think
that's true; we think that that's also the case
here as with the P450, where we have an
internediate that can formthe epoxi de and al so

this as well.
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This is certainly capable of reacting with
lysine as well, and we have verified that, and we
have al so worked out this pathway. W didn't do
this in as great a detail as we did with the
trichl oroethylene oxide, and 1'll conme back to this
later. Turns out that the critical internediate
here seens to be oxalyl chloride that's formed in
the hydrolysis, and that's an interesting nol ecul e.

This is sonething you can buy from Al drich
and work with, and we found some interesting
things, for instance, a reaction wi th phosphate as
well as with lysines, and this al so undergoes this
car bon- carbon bond scission to give carbon nonoxi de
t hen.

So what we've tried to do is pull together
a nunber of studies that we've done over the years
with a nunber of different conpounds. Here's vinyl
chloride, which is sort of off by itself in terns
of its deconposition products fromthe epoxide.

But with these conmpounds, we can see that, if you
will, this carbon here, which is bound to those two

hal ogens, al ways seens to come out as carbon
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monoxi de and then, depending on the valence state
due to the anount of chlorine substitution, we

wind up with other products in a different
oxidation state. Here, we get formal dehyde; here,
we get formic acid, and here, we get carbon di oxi de
as well as these two carbon hydrol ysis products as
wel | .

So we think that we have a fairly good
gri p on understandi ng what sone of these reactive
met abolites that are produced, how they really
behave in ternms of their chemstry.

Now | nentioned before that we really
characterized the reaction with perchl oroethyl ene
in ternms of going through these acyl halides, and
this seens to be reasonable. |In fact, it turns out
that if you do these reactions in vitro and
phosphate buffer, that's really a problem so we've
been avoi di ng phosphate buffer, because you're
form ng sonething called oxal yl phosphate in this
particular case. W've actually characterized,
identified, isolated this and identified it and

then | ooked at its reactions as well.
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You can see the formation of oxalyl
phosphate, and you may think that this is just a
curiosity. It turns out, if you go back in the
literature and | ook at what a I ot of the people
have done over the years, historically, a lot of
peopl e have done 100 mllinolar phosphate
reactions, and we know now, in fact, this explains
some of the discrepancies we saw early in our
trichl oroet hyl ene work, where some of the
i nternedi ates woul d di sappear if you used phosphate
buffer instead of sonething el se.

So you can see the oxalyl phosphates
form ng. W' ve then taken the oxalyl phosphate.
It is not reactive, so it won't react with |ysine,
for instance. So this seens to be an artifact
that's in a lot of the literature, and that's
sonmet hing that we need to be aware of. What does
all this mean? Well, we can--we've | earned sone
thi ngs, and some of these have practicality; sone
are nore basic and nmay not.

W know that cytochrone P450 2E1 in humans

or in animals seens to be the main enzyme invol ved



in trichloroethylene nmetabolism it yields mainly a
chloral or chloral hydrate; it does yield sone of
the epoxide. But the epoxide is not the precursor
of the chloral. The trichloroethyl ene oxide seens
to be the major reactive netabolite of interest, at
|l east in the oxidative system This rearranges to
an acyl halide, and that goes on to react with

nucl eophi | es.

So we can understand what they are. 1In
proteins, the reaction with a lysine will give you
an amde, which is a reasonably stable entity, and
you get either the fornyl or the dichl oroacetyl
derivative. You also seemto get a |lot of reaction
with these alcohols, with cerine, threonine and
tyrosine, as | pointed out.

W haven't been able to characterize these
too much. We've known in this work that if you do
the reactions, we can nake these amno acid
derivatives with the epoxide, but they won't
survive overnight in buffer, so we can't do nuch
with them And as | nentioned, we al so get

reactions with phosphate buffer. W're not sure
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what that nmeans in terns of potential reactions
with the phosphates on DNA

This issue of the sem stable protein
adducts with these alcohols is one of interest.

W' ve shown that this nodification can affect

bi ol ogical activity transiently, and the question
i s does the existence of these raise or lower the
risk?

You can | ook at these things two different
ways. You can say, well, these things aren't
around for very long, so this isn't really very
inmportant. On the other hand, you can say, hey,
we're totally underestimating the anmount of
coval ent binding, and even in this hour or so tine
frame, hour or two tine frane, we could have
somet hing going on in terns of disrupting
regul atory processes.

Fi nal ly, any PBPK nodel s and ot her things
shoul d really not be based on the epoxide being
obligatory in ternms of going on to chloral or
trichloroacetic acid or ethanol. The final point

I'd like to nake is that we need to consider the



human variation in the overall activation process
if, indeed, this activation is inportant for the
toxicity.

I have not dwelled on exactly what the
mani festations of the coval ent binding mght be.
You can envision a nunber of different things, not
necessarily related to cancer but perhaps to other
toxicities in ternms of imunol ogy, cardiotoxicity,
things like that.

So with that, this is ki nd of dark, but,
most, well this work has been going on for a |l ong
time. It was really started by nmy first graduate
student, Randy MIler. Mst of what | tal ked about
today was done either by Hongliang Cai, who's at
Pfizer now, and the latter stuff was done by
Tadashi Yoshi oka with the perchl oroethyl ene, et
cetera, and thanks to ny benefactor, the NIH, and
I"mjust out of tinme | guess.

Thank you.

[ Appl ause. ]

QUESTION:  Two questions. Dick Bull

MoBul | Consul ti ng.
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Do you have an estimate of how nuch of
that epoxi de would go to dichl oroacetic acid
versus- -

DR GUENGER CH. Ch, yes.

QUESTION:. Gve it relative to the chlora
going to trichloroacetic acid.

DR GUENGERICH Well, it's a major
product. You caught me a little off guard here,
but I think it's about 30 percent of the epoxide.
Now, the epoxide is a mnor product conpared to
chloral, so we're probably tal ki ng down, you know,
5 percent of what the chloral pathway woul d be.

QUESTION:  The ot her question with this
phosphat e reacti on, how much reacti on woul d you
expect with inorgani c phosphate in the cell?

DR. GUENGERI CH:  Probably not that nuch.
I don't know what the physiol ogi cal concentrations
of free phosphate are. They're not 100 milli nol ar
So it's--the point is not that that's going to be
an issue in your body, but | think it's probably
been a player in terns of a lot of the literature

that is out there; in fact, | would say that



probably mpbst experinents that used phosphate
buf fer probably are underestimating the amount of
coval ent binding in various studies.

QUESTION:  David Joll ow, Medi cal
Uni versity of South Carolina.

I had the sane question as Dick's first
question but with an add a little bit. Can you
i magi ne any situation where you may change the
di sposition of the oxide into the chloral hydrate
versus the--sorry the P450 intermediate into the
two pat hways? Can you i magi ne any differences
within the cell that may affect that breakdown
rati o?

DR. GUENGERI CH:  Probably not, because we
think it's happening inside of the P450. Now I
will say this, as you go to devel opment of P450s, that
rati o probably varies, and, in fact, there's well
this is non P450 enzyne, a bacterial enzyme called
met hane nonoxygenase, which will also do this kind
of chem stry, and that enzyme apparently nmakes all
epoxi de and no chloral.

So we think that different P450s will
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vary. | doubt if the ratio would be sensitive to
anything else that I can think of.

QUESTION:  So you woul dn't expect an
ef fect of pol ynorphisnms within the 2E1s?

DR GUENGERICH Wl l, you know, it could
happen. Wen | said different enzynes, when you
have a polynorphism if it's in the coding
sequence, | suppose that could do that, because
effectively, you have potentially a different
enzynme.

QUESTI O\ John Li psconmb, USEPA. Two
qui ck questions: as we begin to devel op nore and
nmor e sophi sti cated physiol ogi cally based
phar macoki netic nodel s, one is tenpted to consider
the lipofilicity of a conpound and determni ne the
differential partitioning of that conmpound into the
aqueous versus the lipid nmediumof the cell and the
endopl asmi ¢ reticulum also known as m crosones
when i sol at ed.

Do we know where the active site of the
P450 2E1 is? Does it reside in the part of the

protein, in the nmenbrane, or in a cytosolic-exposed
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regi on?

DR GUENGERI CH: The short answer is no.
W have sonme hunches, though, from-well, we
certainly don't know with P450 2E1. There are sone
i ndications fromthe few mamual i an P450s that have
been crystallized. In the case of P450 2C9, it
| ooks like it may be used, the quote, entry channe
may involve interaction with the nenbrane. But
even that is a little fuzzy. So it's probably
premature to try to deal with that too much right
now.

QUESTION: M last question gets back to
some ongoi hg conversati ons about the inpact of
geneti c pol ynor phi sns on susceptibility and risk
and | was wondering if you could clarify your
comments; specifically, are you aware of any
pol yrmor phi sns in CYP 2E1 that affect the functiona
component of the protein?

DR GUENGERI CH. The answer is no. There
are a bunch of --a nunber of pol ynorphi sns that have
been identified in P450 2E1, and ny col | eague at

Vanderbilt in clinical pharmacol ogy G ant WI ki nson
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has | ooked at sonme of these or at |east sone of the
comon ones. They've |looked in vivo with real

peopl e | ooki ng at chl orazoxazone netabolismas an
indicator, and they really haven't seen any

di fferences in the pharnmacokinetics yet.

Does that mean they don't exist? Well,
we're not sure. Now, when | tal ked about variation
in the population, this is not necessarily due to
genetic pol ynorphism There are a nunber of other
factors; you know, it depends whether people are
exposed to other inducers or, you know, how rmuch
they drink, things like that. So there are--just
because sonething is not--a variation is not
genetic, doesn't nean it's not real and inportant.

QUESTI ON:  Thank you.

DR PREUSS: Last question.

QUESTION:  Stott, Dow.

Fred, |I thought | heard you answer a
question that the phosphate interaction in the
early work woul d have underestimated--or

overestinated- -

DR GUENGERICH: Well, a couple of things.
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Remenmber in, you know, Randy MIler's thesis work,
we knew that if you did the breakdown of the
trichl oroet hyl ene oxi de in phosphate buffers, sone
of the products disappeared. W understand that
now because they were getting reaction with
phosphat e.

The point 1'd like to nmake, though, is
that if people did reactions, for instance, and
measured coval ent binding to proteins in the
presence of high concentrations of phosphate, and
typically a lot of these experinents used 0.1 nolar
phosphate, you woul d be basical |y squel ching sone
of the reactive internediates.

DR GUENGERI CH:  Thanks.

DR PREUSS: Thank you

Qur next presentation is by Jeff Fisher
fromthe University of Georgia, who is going to
updat e us on PBPK nodel i ng.

DR. FISHER  CGood norning. The talks
yesterday--sone of the new effects about
trichl oroethyl ene froma researcher perspective, |

noted one effect that wasn't nentioned that has to



do with Dick Bull. Wen he started working, his
hair was black. Now, all of a sudden, it's gray.

[ Laught er.]

DR FISHER  There are some confoundi ng
factors. Age, | guess, could be one. But |I've
noticed that trichloroethyl ene has caused tension
and confusion al so.

[ Laught er.]

DR FISHER  And it still continues.

I"mgoing to talk about some work that's
been done recently at Georgia. |It's been supported
by DCE through a subcontract with the Medica
Uni versity of South Carolina.

I was asked to comment on what's been
goi ng on since the nonograph on trichl oroethyl ene
in 2000. I'mgoing to do that. 1'mgoing to talk
about sone work that was done with
trichloroethylene itself in the rat based on data
coll ected by JimBruckner's |aboratory and then
some information that we collected on the ability
of TCAto bind to protein in the serumfrom

di fferent species.
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We have wor k ongoing now with DCA in the
nmodel devel oprment of DCA PBPK nobdel in mice and
rats, and it accounts for zeta gl utathione
inhibition. Then, I'mgoing to end up and tal k for
a few m nutes about what's really going on with the
nmodel s, and one of the big issues that's cone out
since the nonograph is the harnonizing of the two
nmodel s, Harvey Cole's and ny nodel, and that we use
different data sets. And I'mgoing to talk just a
few m nutes about what's going on with that. W
think that's an inportant contribution to the EPA' s
effort.

Dr. Deborah Keys is working at the
Uni versity of Georgia, and she published a paper
recently on trichloroethylene and a ot of the
sol vent nodels we usually use, four conpartnents,
five maybe. Well, we had a | arge data set, and we
used several conmpartnents. And Deborah is a
bi omat hemati ci an, so she spent quite a bit of tine
understanding, well, does it matter if it's a four
conmpartnent nodel or a nine conpartnent nodel ?

And to answer that question, it real |y
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doesn't matter for richly profused tissues. But
al ong the way, we found out a couple of interesting
thi ngs about trichloroethylene. W kind of knew
that in the fat, you see we have an arrow goi ng
bot h ways.

We found that trichloroethylene | oads into
the fat rather rapidly but clears very slowy. W
never really looked at the fat in a ot of the
studies that we did before. It does have sone
inmplications for residual TCE for |low | eve
exposures and al so about netabolismin the liver
whi ch we used a two-conpartnent nodel in an attenpt
to describe the trichloroethylene kinetics in the
liver itself.

First, the liver: to point out, usually
it's assumed to be sinple one-conpartnent,
uniformy mxed liver, and we never collected liver
TCE tine course data. JimBruckner did. And so,
we | ooked at the data, and we couldn't describe it
with the nodels that we had published.

So Deborah Keys devel oped the next -sinpl est thing:

a two-conpartnent nodel, in which
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we assune that there is a deep conpartment and a
shal | ow conpartnent and that the metabolism occurs
in the shall ow conpartnent; that the deep
conpartnment may contain |iquophilic stores that
exchange slowy with the bl ood.

Vell, we did a better job. The blue lines
represent the two-conpartnent sinulations, and the
red lines represent our old si mul ations.

Looking at the fat, we never collected fat
either, and the fat clears very slowy. The blue
Iine shows the new data sets with the node
predictions assumng diffusion linmtation, and the
dotted line in red shows our flow-limted
assunption with rapid cl earance

The inplications for nodel devel opnent for
use of PBPK nmodeling in risk assessnent: the liver
compartnent is really insensitive to netabolismthe
way we' ve devel oped the nodel now, because we
assune that the netabolismoccurs in, quote, the
shallow liver. The diffusion limtation in fat,
however, is a sensitive nmodel paraneter. And

that's a little nore serious, | think, in terns of



maki ng sure we incorporate that in the
har noni zati on of the PBPK nodel for
trichl oroet hyl ene and netabolit es.

As | nmentioned before, the idea of having
multiple conpartnents or three or four conpartnents
at least for richly profused tissues doesn't have
much inpact. And Deborah Keys did a statistical
approach, cross-validation, to |look at the effects
of removal of a conpartnent, one at a tine,
something I woul d never do, probably.

Anot her ongoing project is dealing with
trichloroacetic acid. The nodels that | have
listed here were published and were used in the
monograph.  And we've nodified themfor TCA as a
subcompartnent or a subnodel of trichl oroethyl ene
met abolismto include new information on binding,
serum protein binding.

And this is taken from M chael Lunpkin's
di ssertation research. He published this paper
recently. And he did equilibriumdialysis binding
studies with sera fromnouse, rat and human, and

it's really interesting: there had been some
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publ i shed work; Dick Bull had done some work and
col | eagues; we did sonme when | was at Wight Pat.
But Mchael did a really thorough job | ooking at a
wi de range of concentrations, which is on the X
axi s and the percent balance on the Y axis, and as
you can see, in the nouse, the fraction bound is
much I ess than in the human

That's an inportant consideration for PBPK
nmodel i ng because of trying to understand tissue
dosinetry of TCA, an extrapol ation of aninma
findings to human if you were to do that. For sone
peopl e that might be interested in this, we don't
have on and off rates. W solved the equation of
equilibrium and we used a formnul ation that was
created at Wight Pat by John Frazier and Brent
Foy.

So this is what we used in the nodel
It's as determined in vitro in the cells,
equilibriumdialysis cells. To give you a flavor
of the issue, all TCA and serum or whole blood is
measured for nmost--1 can't think of any times it's

not--but it's total TCA but a lot of TCA is bound,



and sone is free. So what we have here is one of
our human exposures in a simulati on of total and
free TCAin blood, and total TCA is what we
nmeasur ed.

You see that in the red boxes and bl ue box
represents neasured free trichloroethanol, and this
particul ar subject was exposed for four hours to
trichloroethylene. This is the 1998 paper on a
human PBPK nodel. Well, the point | wanted to make
is the calculated free is nmuch lower, and the
inplications for dosinetry are that the tissue dose
may be level if only the free TCA is available for
diffusion into the tissue such as the liver. So we
are currently looking at the inplications of that.

DCA: there's been a ot of data collected
since 2000, quite a few studies at the Te
Nort hwest, where Dick Bull was. |Irv Schultz and
his col |l eagues working with rats, mce and nost
recently humans, and there's sonme human DCA Kkinetic
data in the literature al so

VWhat 1'mgoing to present is a little bit

of information on DCA. This nbdel is not connected
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to trichloroethylene. 1t's a DCA standal one nodel
if you will. And DCA has been published as a PBPK
nmodel as a subconpartmnent of trichloroethyl ene, and
in those nodels, the inhibition of its netabolism
is not accounted for, and there's been quite a bit
of work done on the netabolismof DCA as you
probably know. Several of you--Anders Lab
St ackpool in Florida.

And 1'd like to point out that what we
have here describes inhibitable nmetabolism zeta
gl ut at hi one netabolism but we're al so proposing,
there's al so another pathway that's a mn nor
pat hway, but it doesn't appear to be
i nhi bi tabl e--not inhabitable.

[ Laught er.]

DR FISHER So t his is froma nodeling
ki netic anal ysis; you know, we have not | ooked at
the pathway and tried to identify netabolites but a
ki neti c anal ysi s.

And the zeta gl utathione passway is
recogni zed as the major pathway, and that's how

we're describing it in the nodel. It's just under
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i nhibited condition, there's still clearance of
DCA, and we're proposing t hat there nmust be anot her
m nor pathway. The m nor pathway beconmes nuch nore
i mportant under severe inhibition of the zeta
pat hway.

In this nodel, we have included data
coll ected by Anders Lab col |l eagues on actually
monitoring the activity as well as the protein
content of zeta, and this is at one dose, so we
have devel oped a function described as a Vmax that
changes with tinme. It's inhibited with time and to
reproduce this tine course for zeta gl utathione.

To give you an idea how pronounced the
inhibition can be, here's a sinulation of a data
set collected fromBatel Northwest and published
recently. In a naive rat, a 20 ng per kg |V dose,
here's cl earance kinetics, here's a nodel or node
prediction. As it stands now, if you pretreat the
animals, here's pretreatnment with 200 m|ligrams
per liter for 7 days and then do the IV dose, see,
the cl earance is inhibited.

This has been known for quite awhile. It



was observed by Dr. Stackpool in human studies wth
terminally ill children. So it is a significant
i nhi bition.

1"l show you just one nore data set.
This is over inhibition and then dosing with a w de
range of doses. W do reasonably well at sone of
the doses with our nodel describing the clearance

ki neti cs of DCA.

And drinking water study, one nore exanple

where mce were put on a high dose, 2 granms per
liter, one of the cancer bioassay levels for 14
days and then renoved and put on clean water, and
we nonitored clearance kinetics of DCA. This is
unpubl i shed data from Wight Patterson.

Vel |, what about trichl oroethyl ene going
to DCA? The epoxide could be, you know, a good
pat hway to describe mathematically for formation of
DCA. W have a real problem still, trying to
provide estimates of the formation of TCA from
animals that are dosed with tri chl oroethyl ene, and
the chemst, Dr. Mchael Bartlett, and a graduate

student, Any D xon, have been working for two years

106



107
with DCA, and it has included collaborations with
CDC chemi sts and EPA chemists in Athens, Georgia

And in water, they do real well. And
there's a paper in press using LCVBMS et hod.
However, we're still not sure about animal studies.
Wen we dose animals with trichl oroethyl ene and
then try to determ ne how much DCA is there, |
thought I would have a better story to tell today,
but we think there's still artificial production of
DCA in our ani mal studies. One thing they're doing
is spiking sanples with DCA after they pull the
sanmpl e, and they can artificially produce DCA by
addi ng TCA.

So | don't have anything prom sing to say
right now about studies trying to estimte the
amount of DCA that's formed in the whol e animal.

As sonme of you are probably familiar with in the
literature, we found artificial production of DCA
in the presence of high levels of TCA which is
what occurs when you dose animals with
trichl oroet hyl ene.

The nost recent data sets, 1997 and up, we



added | ead acetat e to the sanples to quench what we
hoped woul d quench the conversion. W think the
data are better, but I'mnot sure if it's 100
percent, if we are still not dealing with sone type
of artificial conversion of DCA. And as you heard
yesterday, DCAis a pretty inportant issue for
trichloroethylene, even if it is a mnor

met abol i te.

And | think, you know, we need to figure
out how to deal with uncertainties associated with
DCA, and we can do things froma nodeling
per spective and probably put boundary conditions on
it, on the information along this pathway.

A coupl e m nutes about the harnonization
of the nodels: in the EPA risk assessnent for
trichloroethylene, there's three or four chapters
on the nodels, and Frederick Bl aws' use of Bayesian
analysis with the nodels, and Harvey and | used
different data sets, so there was sone overl ap
But we had different data sets, and so, the nodels
diverged in outcone, especially if you took it to

the point of risk assessnent. And, of course, that
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woul d cause a | ot of concern

And we knew it afterwards, but we didn't
work together on this effort. Harvey had done it a
few years ago as a contract effort for the USEPA,
and we wer e using new data that we were collecting,
both human and animal data, and | didn't go back
and use all the old data sets.

So now as of, like, a nonth ago we net in
G ncinnati we net with USEPA peopl e and invol venent
of USEPA and Harvey and | to try to come up with a
nmodel structure for trichloroethyl ene and
met abolites that would then be used in sone
capacity by USEPA scientists in their next docunent
on the health risks posed by trichl oroethyl ene.

There are lots of questions that come up
and we're dealing with sone of the technical issues
now. | would say the binding, serumprotein
bi nding of TCA is probably inportant for species
extrapol ation of information. DCA is an
uncertainty quantitatively, for sure, and trying to
deal with how nmuch goes down that pathway because

of the anal ytical methods and the shortcomn ngs.
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And that stuff is in the literature, and I think
nmost of the people who are doing work with DCA know
it and especially trichloroethylene literature.
That's what | wanted to say today. Thank
you.
[ Appl ause. ]
DR BULL: Dick Bull, MBull Consulting.
One of the things, and I don't know if
you' ve noticed, in Irv Schultz' s publications,
because |I'm not sure which paper he nentioned it
in, but that GST inhibitabl e netabolism di sappears
with age. So you get evidently an isoformswtch
or you depend on the noninhi bitabl e pathway,
what ever it happens to be as you get to a rat
that's--1 can't renenber if it's a rat or a nouse,
but after you get past a year of age or sonething.
DR FISHER Yes, | think it's in the rat.
QUESTION: In the rat.
DR FISHER W haven't dealt with that.
QUESTION: So it's not a constant issue
t hr oughout, so sonehow, you're going to have to

take that into account.
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I had anot her question but | don't
remenber what it was. Ch, | know what it is.

DR FISHER It's the effect of
trichl oroet hyl ene.

[ Laught er . ]

QUESTION: Right, along with the gray
hair.

How much of the difference between the two
model s is actually the data or things that were
incorporated in the two nodels as a result of
starting with the two different data sets? Is it a
structural problemw th the nodels, or is it that
cane out of the--

DR FISHER Well we used different
structures; that is, in sonme cases, sonme of the
compartnents were different. But Harvey al so
i ncl uded lung netabolism which I didn't include,
and i ncl uded gl utathione pathway with an interest
in kidney, which I didn't include. 1 was focused
on liver pretty much. So it's conbining the best
of both with new infornation

QUESTI ON: Hugh Barton, USEPA
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Ni ce tal k. One suggestion for thinking
about the liver is to perhaps think about the
regional distribution of the 2E1. One thought that
popped into nmy mind as you were tal king was since
the bl ood cones in periportal, and it's, | believe,
dom nantly centrol obul ar, whether essentially the
periportal region serves as your deep conpartmnent;
in other words, an area where it woul d be stored
but not netabolized, and then, the centrol obul ar
regi on would serve as the shall ow conpartnent, as
you have nodeled it.

I"mnot sure whether that would work if
you tried to nodel that geonetry. | know for
benzene and its netabolites, sonme of the work that
was done in CIIT showed that nodeling the regi ona
distribution of the different enzynme systens was
actually quite inportant. So | would just toss
that out as a suggestion.

I also think the blood binding protein
work, as you indicated, will be quite inportant to
i ncorporate in the nodel

DR FISHER  Thank you; we know that there
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are nore sophisticated approaches at handling the
liver, and I think it's useful to go there. | just
wasn't planning to.

[ Laught er.]

DR FISHER If | keep working on
trichloroethylene, | probably will be there

[ Laught er.]

QUESTI O\ Li psconb, EPA. Yes, and your
hair is going to get gray, too.

[ Laught er.]

QUESTION:  Thank you, Dr. Fisher.

I had a question about species differences
relative to trichloroacetic acid binding. If we
assune that the liver is the site of production for
trichloroacetic acid, one would assune, then, that
TCA diffuses fromthe |i ver into the bl ood, and
that's where we see the species differences in
bi ndi ng.

My first question is the straightforward
one: do we know which protein is binding TCAin
t he bl ood?

DR FISHER No, there was a correl ation
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we neasured the al bumin content in the bl oods, and
M chael found a higher correlation with al bumn
versus total protein. But no, we never |ooked at
t hat .

QUESTI ON: A suggestion which is obvious
to you would be the application of techniques I|ike
two- di mensi onal gel electrophoresis to identify the
protein that we used to do wi th Frank Wodsman and
ot hers.

Here's the other one that's not quite so
straightforward. |If the liver is the site of
production for al bumn, how mght that affect your
consi deration of TCA nmobility fromthe blood to the
Iiver and subsequent sequestration, so to speak?

DR FISHER Say that again? |If the--

QUESTION: If the liver is the site of
production of albumn, and i f albumn is one of the
proteins that's inportant in binding, how mght you
consi der that?

DR FISHER | have thought about that. |
mean, it could be binding in the blood supply, in

the blood of the liver, or as it's leaving the



liver, and that's a refinenment that would be
inmportant if we were |looking at rates, rate on,
rate off.

You know, our approach was at equilibrium
under conditions of equilibrium but a nore refined
| ook woul d want to address the production of
albumn in the liver and where TCA is being
produced al so and the interaction of the protein
and TCA in the liver.

QUESTI ON:  Thanks.

QUESTI ON:  Loui e Bl unen, Dow Cheni cal

Yesterday, there were results presented
whi ch indicated a different response between nal e
and feral e rodents, and in epidem ology, there are
al so, although inconsistent, suggestions for
difference in response. What factors in your PBPK
model woul d be able to explain this?

DR FISHER W're not going to offer you
much help there with human data and kinetics,
control |l ed human exposures to trichl oroethyl ene.
The differences between adult males and fenal es,

there may be nodest differences with
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trichl oroethanol production. But we didn't see big
di fferences between nmales and fenales froma

ki netic perspective in | ooking at TCA and

trichl oroethanol, free trichloroethanol in blood
and urinary secretion of the glucuronide of TCCH
and TCA

It wasn't as great as | woul d have thought
mysel f when we were studying, doing the human
study, based on what was in the literature with
rodents. But there's high variability in the human
data al so, | should note, just |ooking at tine
courses of the nmetabolites in humans exposed to the
same concentration of trichloroethyl ene.

DR BULL: Dick Bull again, MBull
Consul ti ng.

One of the things that | think is
different, an inportant difference between humans
and the rodents is the half life of trichl oroacetic
acid, and | don't think fromwhat little I know
about protein binding that that difference in
protein binding is going to change the half life of

trichloroacetic acid, so |I've always had this
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noti on, never addressed it experinentally, that
there's got to be some tubul ar reabsorption of
trichloroacetic acid. |s anybody |ooking at that
issue at all in human--maybe in all of the aninmals,
but for a real polar conpound, it's got a fairly
long half life even in the rodents.

DR FISHER It does.

QUESTION: And I'mcurious as to why, if
the tubul ar reabsorption differences mght be very
i mport ant.

DR FISHER At the University of Georgia,
Kat hy White, the pharnmacokineticist, is very
interested in that issue alone about filtration and
cl earance of TCA and why the big difference between
rodents and humans, and, you know, the anti -ion
transporters could play a role.

At Wight Pat, John Frazier on a postdoc
did profused liver studies with TCA, and they're
proposi ng active uptake of TCA froma nathenatica
analysis of the data. But that has not been | ooked
at closely yet. And the half lives are just

remarkably different.
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DR PREUSS: Thank you

Qur final speaker this norning is Dr.
Janmes Bruckner of the University of Georgia who
will talk about pre-systemc elimnation of oral
TCE.

DR BRUCKNER: Ckay; thanks. | think I'm
sort of the second half of the tag team Actually,
I"'mreally glad to have Jeff come to Georgia
because |'ve been generating data now when ny beard
was the sanme color as ny hair. Luckily, ny hair
hasn't changed that nuch, but ny beard has turned
gray.

But with Jeff comng, | guess I'msort of
the data generator half of the equation. | think
we' ve actually, you know, we're beginning to see
di fferent things once you have really conplete data
sets. A lot of people, I know, have done nodeling
with other people's data or with, just, you know,
really sparse sets.

One thing | wanted to do today, or the
thing | wanted to do today is really is to take off

in adifferent direction, and | just wanted to go
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back over sone of the work we've done on
presystem c elimnation over the years and end with
what we're working on right now, and 1'mgoing to
take it fromthe standpoint of presystemc
elimnation or first pass as being a protective
mechani sm

I guess the bottomline is we have trace
| evel s of TCE and these other chemicals in our
drinking water. Upon ingestion, you know, the
question is going to be do those trace |levels
actually make it through the liver and the |ungs
and reach extrahepatic tissues? Doesn't help with
i nhal ation, so we're just focused on ingestion

Let's see, we can find--just for a quick
review, of course, nost chemicals that are absorbed
fromeither the stomach or the intestines, which
are just drawn partially here, of course, are
absorbed into the nesenteric bl ood vessels which
converge into the portal vein, and, of course, the
portal vein then funnels these chem cal s which
percol ate slowy through the |obules. So

obvi ously, you have a very good chance of whatever



is absorbed fromthe majority of the G tract to be
actually taken up by the liver and then partially
met abol i zed.

O course, blood, then, fromthe |iver
then goes into the vena cava and then out to the
arterial circulation. 1 guess there is a
possibility of a first pass elimnation if we're
tal ki ng about trace levels just |ooking in the wal
of the @ tract itself. Personal |y, not based upon
data, but personally, | wonder how inportant that
really mght be if we're tal ki ng about TCE, which
I'i ke other VOCs, passes through nenbranes al nost as
if they're not there.

For exanple, we've dosed animals with
trichl oroet hyl ene and t hese other VOCs, and we
typically give themeither in water or as an
aqueous emul sion, since oils, of course, really
inhibit their absorption or delay the absorption.
And we see, after dosing a fasted animal with an
aqueous sol ution of trichloroethyl ene, we see peak
bl ood levels, arterial blood | evels within--as

short as perhaps 3 to 4 minutes or even as short as
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2 mnutes. So they're absorbed really quickly.

The second organ of elimnation, of
course, for volatile chemcals are the lungs. So,
I"I'l talk a little bit today and sonme experience
where we actually tried to distinguish how nuch
contribution there is fromthe |ungs and how much
there is fromthe liver in total absorption or
el i mnation of these compounds.

This work that we began back about 10 to
12 years ago, and | was on a couple of the NRC s
safe drinking water commttees, and at that tine,
for alot of the volatile chemcals, the mgjority
of the information as far as toxicology information
we had was frominhal ati on studies, since those, of
course, were of primary concern because of
occupati onal exposures; in other words, nost
occupati onal exposures were inhalation, and so, the
majority of the data that I had to work with on
sone of these committees was inhal ati on data.

And the big question we had then is can
you extrapol ate either froma qualitative

standpoi nt or a quantitative standpoint to
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i ngestion? So, actually, what we have here is, |
guess, the question that | began to work on back in
the early 1990s as far as what can we do in terns
of route-to-route extrapol ation of inhalation data
to ingestion.

Ckay; the approach that we took, and I'I1
go through this with you, is to adm nister
equi val ent doses by inhalation and by gastric
i nfusion over the same time frame. So our first
problem then, was to actually determne with
i nhal ati on exposures how nmuch of the dose was
actual |y absorbed system cally.

And this is the diagram of the systemthat
we used at that tine. W took mal e Sprague - Dawl ey
rats, and over a period of days, we tried to train
these animals to stay within a restraining tube and
also to breathe through a little mask that was
nol ded and fitted to their face. To that
mask--this is really drawn out of proportion, but
we had a really tiny one-way breathing valve. So
the chem cal actually would cone in here, okay? A

little flap woul d open when the ani mal inspired,
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and then, when he expired the flap would cl ose;
this flap would open, and then, the chemical would
go out this way.

And on this little, tiny valve, which we
kept as small as possible to mnimze dead space,
we could then take, fromthese sanpling ports,
automatically we had set up that we would actually
take--we woul d neasure the difference between the
i nhal ed concentration and the exhal ed
concentration, and the difference being the amunt
that was taken up by the ani nmal

A coupl e of other things: when we were
doing our training, we tried after, well, after
you know, a period of nonths, we got nore
successful. W neasured the respiratory rate, the
m nute vol une and the bl ood pressure, and we, after
six or eight nonths of trying this, we actually
brought in sonme animal behaviorists, and we were
actually able to get, after a period of training,
we got fairly stable blood pressure, respiratory
rate, mnute volunme that weren't that different.

They were a little higher, but they weren't that
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different fromwhat we thought it would be in an
unstressed, you know, unrestrained ani nal

The other thing we did was before these
animal s actually went into the tubes, usually 24 to
48 hours before that, surgically, we put in a
carotid artery cannula so we could actually take, at
the sane tinme we were taking the breath sanples we
could take serial mcro blood sanpl es and measure
the content of the VOC by headspace anal ysis.

This is just a sinple calculation, really
pretty straightforward. W had the inhal ed
concentration; then, instead of the exhale
concentration, just took into account the dead
space in the upper respiratory tract and in the
valve itself in terns of a minute volume, and by this
way, we were actually able to plot the cumul ative
upt ake or total uptake of these chem cals.

This is an experinment in which
we--actually, this time, you have to look at it a
little bit differently. Ckay; TCE, in ny
vernacul ar stands for trichloroethylene. What we

did, here is an experinent. | wanted to conpare a
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wel | metabolized VOC with a poorly--TRl here is
1-1-1 trichloroethane, which is, of course, a
poorly-metabolized chemcal. So, here, we plot,
then, we had two hour inhal ati on exposures in this
experinment, and we took--here, it's shown at
10-mnute; we actually did it at 1 mnute
intervals, and so, we had plots of cumulative
upt ake of trichl oroet hane.

As you' d expect, for a well -netabolized
chem cal , because netabolismacts as a bit of a
si nk, you have greater uptake of the
trichl oroethylene. And you can see, after two
hours of inhalation, you have a total uptake of
about 2 mlligrans of trichloroethane and sonet hi ng
less than 3 mlligrams of trichloroethylene. This
turned out with the rats that we used, which were
fairly large, to be a dose of about 8 mlligrans
per kil ogram of body wei ght.

And here's the type of data, then, we were
able to obtain fromthese studies. These, now, in
rats that are not restrained, but we did nonitor

bl ood pressure and those things, and they're a
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little bit lower than the actual animal in the
t ube.

Ckay; so we have again, we have taken
serial blood sanples, so we have, with the
i nhal ati on exposure, very rapidly uptake of the chemical in the
bl ood--this is carotid artery; okay, the bl ood
concentration increases very rapidly, and then
begins to reach a near equilibriumor steady state,
doesn't quite reach but begins to approach that.

Ckay; gave this 8-mlligramdose, which
was, you know, what we determined with the
i nhal ati on exposure, and you can see what a
profound difference. This is the arterial blood
concentrations in the animals. These were adm nistered, |
should say was with a gastric canula, so we had--it
was surgically inplanted, so we had the chem cal s
basically going in at the sanme doses, hopefully, at
about the sane pl ace.

The problem of course, is that you have a
chem cal being absorbed at a different rate, at a
different portal and entering the systemc

circulation at a different point. But this is the



127
best way that we had to cone up with conparing. So
you can see, there's quite a difference between C-maxes and
bet ween area under the curves for the two
routes of adm nistration.

W did a nunber of these chemicals--1 just
want ed to show you anot her couple. This was with
carbon tetrachl oride inhal ati on exposure for 2
hours of 100 parts per mllion, and with the sane
type of setup, we determned t he total dose was
17.5 mlligrams per kilogram This, of course, is
the inhalation arterial blood |evels, and these are
the blood levels in the animal getting it by
gastric infusion.

Alittle bit different pattern; this tinme,
of course, carbon tetrachloride is not as
extensively netabolized. Wth this dose, we don't
think we were getting a lot in terns of toxicity,
because we nonitored that in the animals. O
course, carbon tet, you know, kills 2E1 and nost
ot her P450s, but at this dose, | don't think we were
hopeful ly getting too nuch.

And anyhow, you see with the | onger half



life and the slower netabolism it actually reaches
the blood | evels in the inhalation animls, and
they decline at about the sanme rate. But still,
you have quite a difference here between area under
the curve for the gastric animals and for the
i nhal ati on ani nal s.

This work, just to give credit, was

actual ly supported by a couple of cooperative

agreenments between what, at that tinme, was EPA's HERL in

RTP and our group. It did give us, | think, a
pretty good handl e on just how nmuch of an effect
that first pass elimnation can actually have on
arterial blood |evels.

Ckay; this conpound, this was work we are
actually just now conpleting. | wanted to
actual ly, since we had such a big difference in how
much reaches the arterial circulation, | wanted to
| ook and see how nuch difference that woul d nake
for an extrahepatic organ in ternms of just
cytotoxicity. Since trichloroethyl ene doesn't
really do very much, and it's not very exciting as

far as cytotoxicity, | went and picked 1-1
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di chl or oet hyl ene; okay, 1-1 dichloroethyl ene, of
course, goes through probably an epoxide which is
det oxi fi ed and conjugated w th gl utat hi one.

It's quite toxic to a nunmber of organs in
the body including not only the liver but the |ungs
and the kidney. So we picked in this particular
study just to |l ook at kidney toxicity.

Results are pretty predictable. This
time, instead of a linear scale, we have a | og
scal e, but you can say the typical response, wth
i nhal ation exposure, this was 300 parts per
mllion, again for 2 hour exposure. And the dose,
we determ ned, during that two hours, was 30
mlligrans per kilogram So again, we gave that
dose over the sane tine frame. And you can see
you know, quite a difference again, between the
area under the curves and the peak bl ood |evels.

W have quite a bit of data. || just
wanted to pick out one slide just to show you as an
exanple of the difference in toxicity. So, we're
going to conpare the toxicity, then, in these two

groups.
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Ckay; here, we have just one particul ar
paranmeter. W | ooked at quite a nunber of them
This is gama-gl utanyl transpeptidase, which, of
course, is just a brush border; it is the enzyne
which is released into the urine; okay, if you take
a |l ook, what we did was neasure the rel ease during
the first 12 hours after dosing and then the second
12 hours, so the two together would be a total of
24 hours.

If you |l ook at the gastric infusion route,
you can see that levels are not very exciting. But
when you | ook at what happens with that sanme dose
gi ven by inhal ati on exposure, you get just a
trenendous w peout of the kidney. Pathol ogy showed
just, you know, total destruction, as did all of
our other indices.

One ot her group we had here, PO stands for
oral bolus. And one thing we were thinking at this
time is if you give this entire dose at one tine
orally, then, the anount of the chem cal com ng
into the liver is going to exceed the netabolic

capacity, and a lot of that will pass on and cause
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toxicity. | nmean, you can see in this particular
experinment that really not that nuch happens when
you give it as an oral bol us.

Ckay; the next but --not the next but
anot her series of experinments that we did where we
actually wanted to | ook at the actual contribution
of the liver and the lungs to first pass elimnation of
a series of chemcals. Wuat I'll show you nowis
just some of the data that we have for
trichl oroet hyl ene.

Ckay; this is our experimental setup, so,
this has been predicted by PBPK nodeling, but
think ours was the first work we actually did
direct neasurements to try to get a handle on this,
okay? These, again, in all cases, we've used--we
stayed with nmal e Sprague-Dawl ey rats. So what we
didin different experinments, these are with
cannul ated animals; in the first instance, we
adm ni stered the trichloroethylene; this is now as
an aqueous emul sion, okay?

We admi ni stered this through the jugul ar

vein. In that same animal, we took bl ood sanpl es,



then, fromthe carotid artery. So, of course, what
we're neasuring, the drop in blood concentration
between this point and this point would be due to
pul monary elimnation of trichloroethyl ene.

The next experinment or the next step would
be we actually adm nistered the trichl oroethyl ene
through the portal vein, and then we neasured in
the carotid artery, so this would, if you neasure
here and | ook at the drop in concentration here,
you're getting total first pass elimnation, so you
sinmply subtract the lung fromt he liver, and you
get hepatic first pass elimnation

A couple of other things we did: we
adm ni stered trichl oroet hyl ene as an oral bol us and
measured in the carotid artery. And then, to get
intraarterial, we admnistered trichloroethylene in
the carotid artery, and this sanpling site was in
fenoral artery. So that was our intraarterial. So
what you would do is to basically neasure the area
under the curves for each of these.

Here's what the plots |ook like. Ckay;

here is, of course, the blood concentration on a
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|l og scale versus tinme after injection. Open
circles represent what happens when they adm nister
it into the carotid artery and sanple fromthe
fenoral artery. This, of course, is
trichl oroethyl ene itself.

And the closed circles are what happens
when you admi nister into the jugular vein, so this
difference is, of course, due to pulnonary first
pass elimnation. And then when you admi ni ster
into the portal vein, the difference between this
curve and this curve would be total presystenic
el i m nation.

The dose you see here, we tried to go down
to as low a dose as we could, and this particular
experinment was done with a dose of 0.71 mlligrans
per kil ogram of body wei ght.

Ckay; this is the table which--we gave a
series of doses; the | owest dose we worked with
here was 0.17 mlligrans per kilogram so you can
see the dose has increased up t o--the maxi nrum dose
in this experinent was 16 mlligranms per kil ogram

At these | owest doses, we weren't able to get the



whole time profile; in other words, the doses were

so low, and our anal ytical sensitivity was such at
that time that we actually couldn't get a conplete
area under the curve or time profile.

But when you | ook at these other doses,

you can see that this is, of course, represented as

a percent of the adm ni stered dose. You can see
that the anobunt that's elimnated is relatively
constant, and | think back to a paper of M

Andersen's which | think he's actually felt that

the primary determ nant of pul nonary elimnation

was sinply the blood-air partition coefficient, and

he proposed that the pul monary elimnation, first

pass elimnation, wuld be independent of the bl ood

concentration. So these data sort of support that
posi tion.

On the other hand, when you | ook at
hepatic first pass uptake, it's highest, as you
expect, at the |l owest dose. And as you i ncrease
the doses, it actually, of course, dimnishes as
you saturate netabolism so the |iver becones, of

course, less efficient in elimnating the higher
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doses. Now, renenber, these are oral bolus doses.

And then, finally, at the bottom tota
presystem c elimnation. Now, what we wanted to
try or I wanted to try to do was to get as close as
possible to real life situation. And | guess one
other thing to keep in mnd is that nost
experinments, although we're now giving
trichloroethylene in drinking water or even
m croencapsul ated, but the mpjority of our
dat abase, particularly in the cancer studies, of
course, involved oral bolus adm nistration. So
there's a question here of how realistic oral bolus
doses are conpared to environnental exposures in
dri nki ng wat er.

So the thing we wanted to | ook, which
we're just now beginning to look at, is to | ook at
the influence of the rate of administration.
course, the rate at which the chem cal arrives in
the liver is going to be a major player in how
efficient the liver is in taking the chem cal up
This is the statenent that Mel nade back in 1981

and then, talking with themjust a couple of nonths
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ago, | think he said he didn't know, still, of any
data that was avail able, you know, hard data
avail abl e to support that.
But obviously, this becones very
i mportant, | think, when you start thinking about
risks to organs other than the liver, either cancer
ef fects or noncancer effects. So, | guess, with
trace levels, | guess the question is does any of
the trichloroethylene actually nmake it through the
l'iver and reach something like the lungs or the
ki dney or the testes, where you have 2El ready, you
know, it's inmportant to nmetabolic activation?
Because our objective here in this
experinment, and these were just going on, and |']I
show you just the prelimnary results that we have
okay, the key word here, of course, is rate of
adm nistration. So what we did was to use the two
extremes, an oral bolus versus a gastric infusion
Again, we used trichl oroethane as a poorly
met abol i zed hal ocarbon and TCE as a wel |
met abol i zed hal ocarbon. Experinment, again, our

favorite ani mal; okay, the trichloroethane, we gave
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two doses, 8, and 48 milligranms per kil ogram

The key is an oral bolus and sinply over two hours
by gastric infusion. Same thing with

trichl oroethyl ene; the doses were just a little bit
different than for trichl oroethane.

Met hods: we took serial blood sanples
again fromthese animals, and by derivatizing
trichl oroethanol and trichloroacetic acid, we
could nmeasure these as well as the parent conpound
in the same bl ood sanple of about 10 microliters.
So we could take a |l ot of blood sanples fromthe
same ani mal over an extended period of tine. Kat hy
VWi te, the pharmacokineticist, used Wn Nonlin in
her pharmacoki neti c anal ysi s.

Ckay; this is trichloroethane in the two
doses that we used: oral bolus and gastric
infusion, and the interesting thing here is that
trichl oroet hane seens not to be elimnated or taken
up by the liver to any extent at all. There is
some uptake in this group and | expect fromthis
one; again, this is prelimnary information, t hat

because of pulnonary first pass, | would expect
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that perhaps 10 percent of the dose m ght actually
be elimnated by the lungs, very little by the
l'iver at these doses.

Ckay; trichl oroethyl ene, okay, 10 in the
50 mlligranms per kilogram dose given as a bol us
and given by gastric infusion; of course,
bi oavailability again is intraarterial versus these
oral administration routes.

These data, | have a hard tine believing
right now Wth this high a dose, I"'msurprised in
these results. And | think one of our problens may
have been | ooking back at the data, is that | think
the anal ytical people here, the technicians,
actually, I think were confusing maybe chlora
hydrate with trichl oroethyl ene. There was sone
overlap as | | ook back at these chromnatograns.

So this is a work in progress. One thing
Jeff didn't nention is that we had an expl osi on and
a fire in ny |laboratory back at the end of
Sept enber, and so, these experinments were done just
prior to that time. The lab is going to be ready

for us to nove back in, I'mtold, the 1st of April
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so we haven't been able to go back and redo these
experinments.

Ckay; we've also | ooked at the netabolites
in these animals, so this is just the | ow dose,
now, of trichloroethylene, the 10 mlligram per
kil ogram dose. So we just had the tinme profile
with the oral bolus and then that sanme dose given
over a two-hour period by gastric infusion. And
since trichloroethanol has a fairly, relatively
short half life, you can see that the area of the
curve is going to be substanti ally less than it
woul d be with the oral bol us.

So | guess here, we were saying, okay, so,
the anmount coming into the liver, we're wondering
how rmuch difference that's actually going to nmake
interms of netabolite levels. And you can see it
does have a pretty pronounced difference here.

Al ways, the area under the curves are very
different.

Let's go to the trichloroacetic acid.
Ckay; this is a little bit nore confusing. |

shoul d have just put the one dose on this one, but



I et me back up just one second. Ckay; |ook at the
pattern here. This i s, of course, the | ow dose,
but with the nmetabolite with a fairly short half
life you can see that it's elimnated very quickly,
and when it's coming in slowy in the liver, it has
a fairly short half life. You can see that it
never cones up near the oral bolus |evels.

So if you contrast that with
trichloroacetic acid with its long half life, this
is the 50 mlligrans per kilogram bolus dose. The
orange is the gastric infusion dose. So there is
obviously less of a difference in ternms of tota
area under the curve. The green represents the | ow
oral bolus dose; this represents the | ow gastric
i nfusion dose. So, less of a di fference on
trichl oroacetic acid.

One thing that | was kind of surprised as
I really got into the literature and tried to
understand trichl oroacetic acid when we were doi ng
the binding studies is that | discovered that you
have a really efficient carboxylate transporter

that can take one and two carbon compounds |i ke
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trichloroacetic acid, and very quickly,
bidirectionally, you can transport it in and out of
most tissues including the liver, which nmeans, of
course, that the trichloroacetic acid that's forned
inthe liver and transported into the bl oodstream
is available for transport back into the liver
again, so it's not gone, you know, once it |eaves
the liver.

I always felt that since it was ionized
at, you know, at physiological pH that that wasn't
the case, but on looking intoit, I think that it's
freely diffusible--not diffusible but transportable
fromthe blood back into the Iiver and probably
lots of other tissues as well.

The area under the curves there are very
di fferent, depending on the rate of adm nistration

So sort of in summary, this is just kind
of where |I'mheaded, | think. | guess the question
is when you really get down, now, with our limt of
sensitivity, we're able to--1 think we're now
down--1"mnot really--1 need to be sure of this,

but I think we're down in the nei ghborhood of 10,
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probably 10 nanograns per mi or 10 parts per
billion when we're actually taking blood or tissue
sanmpl es from mamual s that are dosed

I think we can probably go down anot her
three or four fold in our analytical techniques as
we go to the GCMB technique. So | guess the
question is, if trichloroethyl ene, when taken
orally, doesn't reach extrahepatic organs, |I'm
wonderi ng, you know, of course, how that's going to
affect both the noncancer and the cancer ri sk.

So this is our focus now W need to go
back and repeat these |ast experiments but actually
| ook at sone different dosage regi nmens, which, you
know, | guess the question is, you know, what is
the typical dosage regimen for sonebody drinking
water? | drink Dr. Pepper also as an |V infusion
during the day. | really do.

[ Laught er.]

DR. BRUCKNER  And so, the question is
what is characteristic or typical of human
exposure. Here, | have the two extrenes, | think

a two-hour gastric infusion and an oral bol us.
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These are the people | would like to
thank. Most inportant person in ny life is this
gentl eman here. He's been with ne now for 24
years. | still call himSM because | have trouble
with his name, as does everyone else in the
| aboratory. Mchael Bartlett is the analytica
chem st who hel ps Jeff and I. ChamDallas did the
i nhal ation experinents that |I've shown you. Cathy
VWhite is the phar macoki neticist, and, of course,
I"msurely glad that Jeff is here now so | can do
something with all of these data.

W' re now bei ng supported, of course, by
subcontract with Charleston, and, of course, Larry
Moore and David Joll ow and sonme of the other people
from Charl eston are here, so we're all a happy
famly now | don't have a picture like you did,
but 1 wish I did.

Thanks.

[ Appl ause. ]

QUESTION: | presume or maybe shoul d ask
it as a question but Dick Bull MBull Consulting,

renenbered finally.
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The trichl oroethanol, how do you expl ain
that one? And I'Il give you what | think the
answer is.

[ Laught er.]

DR. BRUCKNER:  Ckay.

QUESTION:  It's probably gl ucuronide,
and it's going out the bile, wouldn't you think?

DR. BRUCKNER: Ri ght.

QUESTION: Hi, this is John D Sesso from
Mtre Tech systens.

One of the things that really differs
between rats and humans is the function of the
| ynphatics in absorption fromthe intestinal tract.
And certainly, things that are fat soluble tend to

get picked up, at least in humans, in the bile, you

know, it gets picked up in the lacteals, and it goes

back by way of the thoracic duct. So it basically
obviates or circunvents the entire first pass
effect.

The difficulty is | don't know what
happens in rats, and I'mnot sure if you can even

pick it up, because they're so small, and | don't
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know what your vehicle was, and it can be
confusing. So you may or may not pick it up in
rats, but it may actually be a very inportant thing
in humans that wouldn't be able to be nodeled with
t he ani mal dat a.

Have you thought about how you m ght be
able to deal with that, or has that ever even cone
up?

DR. BRUCKNER: Yes, sir, we've actually
done sone experinents. W haven't |ooked at
trichl oroet hyl ene, but we've done carbon
tetrachloride, sonme fairly extensive experinents,
which is, you know, nore |ipid-soluble than
trichloroethylene. And we found just |ooking at
the effect of different dosage vehicles on
| ynphatic absorption, we found that with the
aqueous vehicle, we had, of course depending upon
the dose, we had less than a tenth of a percent of
the total adm nistered dose actually absorbed
in the |lynmphatics.

When we gave the carbon tetrachloride in

corn oil, we found as much as 2 to 3 percent of the
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total dose was carried along with the corn oil into
the I ynphati cs.

QUESTION:  Then how do you think that wll
af fect, you know, because humans have a nuch nore
fatty diet than rodents, because rodents can nmake
their own essential fatty acids. How are we goi ng
to work with that within the nodel s?

DR BRUCKNER  Jeff, what are we going to

do?

[ Laught er.]

QUESTION: This is just a question. |
don't have an answer. |'mjust --

DR. BRUCKNER: Right, that's a good point.

DR PREUSS: Before we have any other
questions, let me just interrupt for a mnute.

I was going to nake a proposal right after
this that given how early we are that we mght |ike
to sinply proceed to the panel discussion and not
break right now for lunch, but that way, we
probably woul d finish an hour or two earlier than
otherwi se anticipated. | junp in now because | see

some people starting to take an early lunch break.
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Does anybody have any objection to going
ahead now and just going on to the pane
di scussi on?

[ No response.]

DR PREUSS: kay; thank you. So that's

what we'll do. So, after the questions are over
we'll take a five-mnute break just so that they
can set up the table here, and then, we'll go right

into the panel discussion. Sorry.

QUESTION:  Thank you. [I'mJennifer Sass
with the Natural Resource Defense Council. Thanks
for your talk, Dr. Bruckner

Coul d you go to your conclusion slide
quickly? I think it's one or two back

DR BRUCKNER: | wouldn't really call it
concl usion slide; just sort of a question slide.

Let's see; I'msorry. There we go.

QUESTI ON: Ckay; would those statenments be

most relevant to the oral dosing, or would you al so
thi nk based on your data and ot her data and your
expertise that those would al so be relevant to

inhalation? To ne, it seens the inhalationis
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really different than the oral dosing.

DR BRUCKNER: Right, they're not at al
relevant to inhalation. Inhalation is, you know,
directly into the systemc circul ation

QUESTION: And then into the bl ood; your
own work, what you presented today, shows it from
inhalation, it's getting very quickly into the
bl ood circul ation

DR BRUCKNER: Right.

QUESTION:  And so, then, | guess ny next
question would be froman EPA health risk
assessnent type of perspective, we know from
contami nants in the water, specifically VOCs |ike
trichloroethylene, and I knowwith a |ot of other
chemicals, it's been shown that you can actually
i nhal e a substantial amount, a significant anount,
through the water in showers and spray and things
like that. Showers are a bi g one.

What do you think about that? Do you have
any know edge of TCE in that area? O have you
consi dered that?

DR BRUCKNER: |'ve looked at quite a bit
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of the data in terns of relative contribution of
i nhal ation and ingestion, and | guess ny bottom
line is that certainly inhalation contributes to
t he dose which woul d escape this nechanism But
how can | put this? 1've seen varied results in
terns of total contribution by inhalation. O
course, it depends upon a lot of variables in terns
of how | ong, how hot the water is and those types
of things.

But | think ingestion is maybe a little
bit nore inportant than inhalation, but inhalation
and dermal, which al so bypasses presystemnic
inhal ation largely--

QUESTION:  Right.

DR. BRUCKNER:  --would be not as inportant
but still an inportant contributor

QUESTION:  Then, that, | mean, again, from
an EPA perspective, when someone i s considering how
your work is relevant to the health risk
assessnent, and clearly, it is, this doesn't really
speak to the potential risk of inhalation of TCE

fromshowers as a water contam nant; is that right?



DR BRUCKNER That is correct.

QUESTI ON:  Thank you

DR. WANG Jung Der Wang from Nati onal
Tai wan Uni versity.

I just want to nake two coments. One is
just to supplenment this |ady's conrent, because in
our study in Taiwan, our people usually boiled the
water. Usually, we boil the water before drinking,
whether it is tap water or whether it is regular
well water. So in our recent assessnent, we
actually conducted a study to try to boil and to
see the residual tetrachloricity and perchloricity
inthe water left over after boiling. And we found
that within 1 mnute, everything al nost was
undet ect abl e after boiling.

So our risk assessment actually considered
the skin absorption and al so inhalation fromthe
shower and al so fromtaking a bath, and we found
that the risk, actually the potential risk for well
wat er .

Number two, from your conment over here,

you say that reaching extrahepatic organs. So
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actually as you indicated that it should enter the
portal vein and enter the liver. So cancer risk
for liver may still be possible; | don't know for --

DR. BRUCKNER: Certainly, it goes to the
liver, so the liver is not protected.

DR PREUSS: Thank you. Ckay; in that
case, it's a quarter to. W'Il take a five-mnute
break to set up the table, and then, we'll cone
back and have all of our speakers joi n us on stage.

[ Recess. ]

DR PREUSS: | think we're ready to begin.
if we could ask our speakers to conme up front and
everyone el se to take their seats.

Ckay; then, let ne turnt o the panel and
you recall, | mentioned first thing this norning
that I wanted you to think about one question
whi ch was, what is it that you heard during the
course of the two days that you would particularly
call to EPA's attention? In other words, things
that you found particularly inmportant in terns of
the assessnent that we're going to do or things

that perhaps you sawin a different |ight from what
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you had seen previously or things |like that?

So that's really the major part. As sort
of a subquestion, 1'd like to ask you nunber one,
if any of you have sonme work underway that you
didn't have a chance to nmention that you think now
becomes nore relevant in light of the presentations
that have gone on; maybe you could briefly speak
about that.

And finally, if you think that there's a
set of--not a set of--if there are sone
particularly inportant published articles that you
have not heard mentioned here in the past two days
that you, again, that you want to comend to our
attention, that would be hel pful

And the reason why | say that is that the
process that we are planning to follow now to
conpl ete our assessnent of TCE is that we have
proposed a two-step process with the Nationa
Acadeny of Sciences, the first step being that we
would wite a series of issue papers, a small set
of issue papers that deal with some of the nore

controversial issues and bring those to the Acade ny
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for discussion, to a panel that the Acadeny woul d
appoi nt for discussion and get comments fromthem
as to how they viewed the science and that, of
course, other organizations and other people woul d
be free to submt issue papers or conment on the
i ssue paper situation we had witten or anything
like that; and then, secondly, that we would then
take all of that information and then create a new
assessnment whi ch, again, we would take back to the
Acadeny for peer review and public conment and so
on.

VWhat we are trying to do is to try this as
an experinment to make this an extrenely transparent
process so that everyone can see what the issues
are, what the science concerns are, what the
debates are about as we go along rather than just
seei ng them when we finish our docunent.

So with that as background and the
understandi ng that the work that Jeff Fisher talked
about regarding PBPK is going on as sort of a joint
effort, 1'd open the floor to all of you and pl ease

ask you to begin.
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Dick, could | ask you to start?

DR BULL: | didn't know you were going to
ask ne to start. | was just rapidly scanning. But
there were sone things that --1'"mnot sure | was

conpl etely unaware of them but | didn't realize
how far they had progressed.

And | think one of the things in
trichloroethylene that you're really going to have
to turn your attention to is this issue of
intersusceptibility issues, 1'd rather call it in
terns of sensitivity but susceptibility issues.

And | think that's brought out by Punford' s work
on the inmmune responses stimulated by--that's quite
interesting, and I think the doses are in the range
that it may be one of the nore sensitive things
that | saw. | didn't really do the back of the
envel ope cal culation, but it's certainly bel ow the
doses that are used in the cancer bioassays.

The issues of sensitive popul ation
probably plays out in a lot of different ways with
trichloroethylene. Metabolismis clearly one.

That's the one thing that I think we're |earning



fromthe animal studies is--and maybe even fromthe
human studies, although I'mnot quite sure--we're
seeing a trenendous a | ot of inconsistency with
trichloroethylene, and if you start trying to nake
sense out of the tunor data, you can't even nake
sense between nice and rats, because you're getting
tunors in one species and not the other, and the
question are sonme of the nechanisns really
i mportant or not in producing human tunors is
anot her question but we don't have a rea
consi stent database that you can point to this is
really going to be a human health risk at sone
particular |evel of exposure. | nmean, | don't
think we're arguing about effects at high doses.
W' re tal king about how you would deal with effects
at | ow doses

There are sone things that did not cone
up. |'ve seen papers not only frommny own |ab but
others that suggest that there are sone things that
maybe should be started to look at a little nore in
a nore sophisticated way, in the sense we're stil

focused, | think, too nmuch on the peroxisone
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proliferation kind of thing. | think that occurs;
we know it occurs; we have sone notion of what the
inmplications or lack of inplications that m ght
have for humans, but we know we're getting sone
other things that are going on with
trichloroethylene that I think need to be | ooked at
more seriously, and that was one of the reasons
was trying to point out the issues with
di chl oroacetic acid to the extent it plays a role.
Clearly at the doses you're produci ng of
trichloroethylene, it's not through a peroxi sone
proliferation type of mechani sm

I know of a paper that's out for review
that should be very interesting when it comes out,
and there's been work now published, that's being
readi ed for publication, in which they' ve | ooked at
a PPA or al pha knockout nouse and the tunor
response to trichloroethylene and the two acid
metabolites that | think you shoul d keep an eye out
for; probably sone nonths before it's out, but it's
com ng al ong.

I"mnot going to comrent on the
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epidemology. 1'Il just make the epi dem ol ogi sts
mad.

[ Laught er.]

DR PREUSS: kay; thank you

Dr. Pereira?

DR PEREIRA:  Well, you brought up
peroxi sone proliferation. 1'll talk alittle bit
about that. But first, I'll go back and rem nd the
audi ence that, you know, in cancer, you're | ooking
at oncogene expressors that are going up and tunor
suppressor genes that are going down. |n cancer
prevention, which the other half of ny |aboratory
work on, you're looking at the opposite effects.
You' re | ooking at agents that increase the
expressi on of tunor suppressor genes and decrease
the expressi on of oncogenes.

And with respect to that, the agents that
NCl is |ooking at and ot her people are the
peroxi sone proliferators or actually the PPR ganma
and al pha. These agents appear to be very good in
preventing colon cancer. Both the PPA al pha and

the PPA ganma, a lot of this has to do with the
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fact that these receptors bind to RXR, and that is
i nvol ved with the recruitment of histone
deacetyl ase, and that all involves with the
reacti vation of tunor suppressor genes.

And al so with the understanding that you
don't want to do any harmin regul ati ons, mny
question would be is there any consideration to the
fact that these agents mght actually prevent colon
cancer, because the peroxisone proliferators, some
of them are probably the nost potent
chenopreventive agents for colon cancer in rat s,
and al so, they're looked at with respect to
chenot her apy, especially the gamm.

The gl utazones are being | ooked at as
adjutant therapy to get to people after they
resection the colon, and I would wonder since DCA
TCA, trichloroethyl ene are good peroxi sone
proliferators, | would suspect and predict that
they woul d probably be very good in preventing
col on cancer in the nodels.

DR PREUSS: Anyone el se have an

observati on?



Yes, please.

DR BRUCKNER: Just one other thing that
we're looking at, which | didn't nmention, is the
question of, you know, the variability from one
person to another in levels of 2E1, whether it be
environnental or genetic, because there was a paper
by Greg Kedderis about three or four years ago now,
I think and a nore recent paper in which they
rai sed the question of if you have 2El in excess
that can netabolize all of the trace |evels of
trichl oroet hyl ene you woul d expect, what difference
does a tenfold variation make if the [east of us is
met abolizing all of it?

So in ternms of human variability, in termns
of oxidated netabolism that's one of the things
we' re | ooking at.

DR LASH | just wanted to conment t hat
when you had asked us to think about what the EPA
shoul d focus on, | thought about that in terns of
some of what we're doing, and | guess two points
that's been nentioned already are variability, to

better, you know, | think there's increasing
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docurent ation of that and what the inplications
are.

And the other issue which I think we found
inour invitro studies in human proximal tubul ar
primary cell cultures is how critical doses in
terns of the nature of the response, that actually,
over different dose ranges, you get responses that
really can range from al nost protective, where you
get maybe sone degree of a certain type of injury
and then repair and proliferation versus outright
necrosi s at higher doses or a much hi gher degree of

apopt osi s.

So | think you can extend that to in vivo,
really, and try to consider really that at
di fferent dose ranges, and | guess everybody
consi ders dose, but then, | think it sort of gets
forgotten, in the sense that people will still,
then, try to derive inplications fromstudies at
very high doses, and | think you can't directly do
that because the very nature of the response can be
very different at |ower doses than at higher doses,

so that's one thought 1'd like to--
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DR PREUSS: Thank you

Dr. Wang?

DR. WANG Thank you

In terns of susceptibility, I think I
would like to comment on if, when a person is a
viral hepatitis either B or Ccarrier, then, he is
more likely, his liver is nore likely to get
inflaned if given a very snall dose of these
hal ogenat ed hydrocarbons or al cohol, et cetera.
And | think that this would increase the |ikelihood
of liver cancer, from our understandi ng, and
don't know whether this will be useful for your
comrent when you are witing the final draft.

DR PREUSS: Thank you

I"msorry; | don't have good periphera
vi si on.

DR BURCH: Just taking off on the |ast
two comments that were made by the panelists, |
woul d al so |like to enphasi ze sone of their
t hought s.

From ny perspective, it seens as though

there are a nunmber of different endpoints that



162

shoul d be considered, need to be considered, |I'm

sure will be considered in your evaluation. There

was a real enphasis here on carcinogenesis. W

al so saw sone very interesting tal ks on

i mmunot oxi city and autoimmunity as well as the
neurotoxicity or the neurobehavioral endpoints that

| presented.

So the question becones where do we see-—at

whi ch endpoints de we see at the | argest doses, you know?
Dose becones a very big issue.

What is seen first? Those effects are

going to be the targets for protective nmeasures, |

woul d think, froma public health standpoint.

And al so, this idea of sensitive
popul ations; | mean, that can't be overenphasi zed.
Certainly, the preval ence of al cohol consunption is
very high. Qher factors, including genetic
di fferences or other differences such as hepatic
i nfections, how they interact and nodify the
ef fects of solvent exposures can be al so very

i mport ant.

DR PREUSS: Dr. Lacey?
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DR. LACEY: Yes, | think regardl ess of
endpoi nt, though, nost of the popul ati on based
attenpts to get better risk estimates are going to
suffer fromwhat we sawin a lot of our data, |ow
statistical power, whether it's a high dose or |ow

dose of exposure.

One way to potentially address that woul d

be to put nore enphasis on exposure bi omarkers,
whet her that's through sone of the new protein-based
techni ques, genoni c-based techni ques, some
nmodel i ng, perhaps, statistical nodeling of exposure
over tine.

But it's clear that traditiona
epi demi ol ogi ¢ approaches are going to have a tough
time further refining risk, and so, there's going
to need to be a nuch nore concerted effort f or
transl ati onal approaches, | think, to get
popul ati on based risk estinmates.

DR PREUSS: You think that that's the
case in general or for particularly rare diseases
such as you were tal ki ng about ?

DR LACEY: | think it becones
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increasingly inportant for rare diseases |like
scleroderma, |ike some of the cancer endpoints.

DR BULL: Just to add to the issue about
dose that Larry was bringing up, and | think this
is acritical issue, and it goes to the conments
that were being nade relative to in interindividua
susceptibility and the nbst sensitive endpoints.

If you have aninal experinments that are
showi ng things at gramper liter or hundreds of
mlligrans per liter in a particular area, one of
the things | really take a little bit of unbrage at
inawy, and | will be alittle bit provocative
here, is using that as a background for a
bi ol ogical plausibility for response seen in an
open epi dem ol ogy experiment that is really dealing
with very small doses.

I think if those effects are real, 1'd
like to find other--a |ot nmore thorough | ooking for
ot her possible causes. | don't at all doubt
effects of ethanol of the sort we saw, but the
interaction is difficult to rationalize based on

what | know on what kind of doses are going to
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produce, you know, nore or less irreversible damage
in the nervous system mainly ototoxicity, | have
to adm t.

But sonehow, the agency has got to come to
grips with that, and | think that was one of the
big difficulties that came out of our 2000 effort
is you got to find sone way of getting a controlled
experinment coupled with--whether it's in humans or
experinmental aninmals, to nake sone sense out of
those kinds of things, because | don't think it can
be done ot herw se.

DR FISHER | guess I'd like to reiterate
the use of human data; though it's very inportant,
it's difficult quantitatively | ooking at
epi dem ol ogy studies. And in the last risk
assessnent, there were attenpts to use the hunman
data in a quantitative fashion, and there's one
particul ar table that shows some of the human
endpoi nts or the nost sensitive endpoints based on
epi data.

If you | ooked at sone of the studies, you

woul d see that the exposure site was unknown,
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really, so | think to use the hunman epi data
quantitatively, it's a tough way to go, and you
shoul d have info on exposure and information on
dose-response, sone existence of dose-response

DR GUENCERICH 1'd just like to bring up
one thing again with regard to humans. And it
concerns sonething, two of the netabolites that
we' ve tal ked about the |ast couple of days, chlora
and di chl oroacetic acid, have been used as drugs.
And | guess I'msort of thinking out |oud here
wondering if information about those can be
utilized.

I"mnot famliar with all of the
literature. | think one of the problens on
those--it mght be a problemis that chloral had
been used as a sedative. It's not really, as
understand, chronically used. | think the uses of
di chl oroacetic acid are sonewhat nore chronic, and
I don't really know how many people are invol ved
with the use of these or even what kind of work
went into the registration. These are terribly old

drugs and may not have been anal yzed; perhaps



sonmebody has sone insight.

DR PREUSS: Yes, Dr. Bruckner?

DR BRUCKNER: | was just going to nmention
about chloral hydrate. The last |'ve | ooked, which
was about six months ago, | think it's still
probably the nost w dely-used pediatric, you know,
sedative. And | guess | couldn't find any
epi dem ol ogy studies that had ever been done. O
course, | know a |ot of children have been dosed
with chloral hydrate. O course, it is usually in
an acute situation, but | just wonder if that m ght
be | ooked at and see if that's possible, because
don't know of another human popul ation that would
be better to study.

DR BULL: Yes, the dichloroacetic acid
thing is interesting, because it was originally
proposed as an oral hypoglycem c agent, and its use
in that area was abandoned fairly early. | don't
think it ever got wi dely used.

But it is still used, but it's used in
such an unusual circunstances. | nmean, it's in

these kids with hyperlacticacidosis, and it's

167



lifesaving in that case. But in point of fact, the
doses they are getting to those kids are very
simlar to the doses that are produci ng cancer.

So | don't knowif I'd want to take
advant age of that particul ar popul ation, but, I
mean, clearly, if that could be, there are people

that use it.

The other issue that, and | didn't want to

get into any details on this, but the one issue
that is really of interest with the dichl oroacetic
acid is its real rapid netabolism especially as
you get down to | ower doses, where you're not
seeing the suicide inhibition of the enzyne. And
don't know--1've talked to a guy at Anders, and
they' ve | ooked at distributions of that isoform
Not hi ng seens to be too interesting in the sense
that they're active towards dichl oroacetic acid,
but the level of activity is just a factor of, you
know, a twofold, threefold difference.

But if you ever had a null, it m ght be
interesting, particularly in younger individuals if

the human devel opnment pattern follows simlarly to
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the rat, where, as | nentioned earlier, you no
| onger have an inhibitable enzynme in the |ate adult
animal. So that could be an issue.

Now the late adult animal still
met abol i zes di chl oroacetic acid very quickly, so
there are a lot of little things like that, |
think, that could be | ooked at fairly directly.

There are knockouts for the GST zeta as
well. They have one at Oregon H Il Sciences Center
that they're doing work with, mainly fromthe
context of this group of kids with
hyper| acti caci dosi s.

DR PREUSS: Yes?

DR PEREIRA: Wth the question of
devel opi ng bi omarkers for exposure, | think it is
i mportant to make a distinction between biomarkers
of exposure and tal ki ng about bi omarkers of risk or
carcinogenic activity. A lot of it goes back to
cystochromatidic strains and peopl e have an
i ncrease; what does it nmean? The sane questions
woul d be asked about cell proliferation and about

the m croarrays.
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And a lot of this comes back, agai n, from
the studies at NCI, and we're doing some of them
| ooking at in people as well as in aninmals for
bi omarkers for cancer prevention. Oiginally, it
was | ooked at that you would | ook for agents that
woul d alter cell proliferation; in other words,
decrease it and then turned it out that cell
proliferation had really nothing to do with the
effect on cell proliferation as to whether or not
an agent would be a chenopreventive agent.

Very simlarly, if you | ook at cel
proliferation going the other way with respect to
whether it's going to cause cancer, it mght be a
decent nmarker for exposure assessment, but as a
mar ker for whether there's a cancer risk or what it
is, it's probably pretty poor

DR PREUSS: Dr. Hansen?

DR. HANSEN: Yes, | agree with you that
the existing epi data can only be used in order t o
eval uate whether there is an increased risk of a
certain cancer or other disease. |'msure that the

quality of existing data are not sufficient in
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order to extrapolate fromthose doses we have seen
in the occupational environnent, for instance, into
the environnment in general

So at |east our studies can be used in
order to evaluate is there arisk or isn't there a
ri sk but not to dose-response.

DR PEREIRA: Are you taking fromthe
floor?

DR. PREUSS: Sure.

QUESTION:  Erni e Bl unmen, Dow Cheni cal
That m ght be the appropriate tinme to i nformyou
about three studies that are in the pipeline on
human effects. One study is on netal degreasers,
70 metal degreasers that have been degreasing for
up to 20 years, exposures for up to 250 ppm based
on TCA neasurenents. And peopl e | ooked at the
i ndicators for kidney damage, |ike residual binding
protein, NRG albunmn, and there were no
i ndi cations of danage to the ki dney.

But also interesting was that there were
suggestions for the alternative explanation for

ki dney cancer in nale rats to be operating. It's

171



172
the formate from excreti on based on the inhibition
of the folate cycle. And what was seen was that in
humans at the higher levels, there was an increase
in formate excretion and matzi omal oni ¢ acid
excretion. So this mght be seen as support ive at
|l east for the pathway to operate. \Whether it
causative, we are not sure, yet, of course.

This study will be published, will be
available in tw nonths, | think, because the
gall ey proofs are already there.

Anot her study is a study done to confirm
the findings fromthe Henschler study, a case
control study of kidney cancer. Cases were set up
in an area where there is a 20 percent preval ence
of exposure to TCA, because there is a lot of neta
degreasing going on. So 18 cases have been
identified, and the analogy is taking place now in
the cohort, in this group of cases, and we expect
the results to be available at the end of this
year, maybe begi nni ng of next year

In this group, we are also doing a VHL

analysis. So we try to see if we could



i ndependently confirmthe findings by Brown. These
results should also be available at the end of this
year or the begi nning of next year.

DR PREUSS: Thank you very nuch.

Yes, sir?

QUESTION:  Jay Pandey from Charl eston

I had a question fromDr. Punford. You
have shown the effect of TCE and anti nucl ear
anti bodi es but which are common to all autoi nmune
di seases, virtually all autoi mune di seases. Have
you | ooked at any di sease-specific autoantibodies,
di seases where TCE has been inplicated, |ike SLE
and scl eroderma. Have those increased, and have
you | ooked at it or not?

DR PUVFCRD: W have not | ooked at that.
| understand what you are saying, though

DR PREUSS: | don't know if you have your
hand up or oh, there. Thank you. Sorry.

QUESTION:. Hi, Jennifer Sass with the
Nat ural Resources Defense Council.

It's been a long day and a half for ne.

I've struggled to understand what's goi ng on here,
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and | just want to ask a kind of a question that
puts sonme stuff into perspective for ne.

First of all, | guess, with the Danish
epi dem ol ogy studies, there have been two
epi dem ol ogy studies, and ny understandi ng of the
presentati ons yesterday and fromthe informative
questions afterwards is that there were two
different cohorts, one, the first study that was
published in 2001, and then, the second that was
publ i shed in 2003.

So nmy first question to the author, Dr.
Hansen is both--ny understanding is that both of
those studies showed an excess in esophageal and
al so in the non-Hodgkins | ynmphoma. |Is that right,
or am| getting m xed up?

DR HANSEN: Yes, that is correct.

QUESTION:  And al t hough the nunbers are
different, one of the reasons why is that the
cohorts are different, and in the nore recent
study, the 2001, ny understandi ng now from short
conversations with you is that you think that

al t hough it does show an excess, you are confident,



that it is possible that that nmay have

underesti mated the ri sk, because the assunptions
built into the nodel assune that everybody in the
pl ant was exposed when, in fact, that probably
isn'"t the case; is that correct? Is ny
under st andi ng correct?

DR. HANSEN:  Yes.

QUESTION:  And then, the interesting thing
fromall of the aninmal studies that have been
di scussed and sone of the netaboli ¢ studies and
even the studies of the nodeling is that | didn't
see those cancer types being addressed in the
animal or in vitro work

So I wonder if sonme of the authors can
speak to that, or did |l mss it? Mstly | saw
I'iver being addressed and sone ki dney.

DR BULL: For the large part, that's what
shows up in the animal studies, both the
trichloroethylene and the netabolites to the extent
they' ve been | ooked at. So it's clear that you can
produce at least liver tunors with the nmetabolites

Trichloroethylene itself is not particularly
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effective in the rat as a liver carcinogen. It
produces--the kidney cancers are at |ow risk

The esophageal cancers, to nme, when |
thi nk of esophageal cancers, | start thinking
nitrosamnes, so |l nean it's kind of one of the
things that I worry about in an industria
situation where nitrosam nes, they' re so nuch nore
potent than trichl oroethyl ene as a carcinogen, |
start worrying, what's the, you know, or naybe they
ate too nuch bacon for breakfast or whatever
because your effect doses are--

DR GUENGERI CH: And tobacco is another

DR BULL: Yes, and tobacco is not a | ow
dose particularly, but you see esophageal cancers
with--1"mnot sure. CQutside of the nitrosam ne
group, do you know off the top of your head?
don't know. | can't say that, but as soon as
I--that was a very interesting finding. 1 just
don't know what to nmake of it.

DR HANSEN. But no one else has found it.

DR BULL: That's true, too.
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| ynphoma has ever been seen in aninmals.
Right. So there's no aninmal nodel, although there
was sone aut oi mmune type di scussion that | thought
was interesting and potentially rel evant soneday.

My other question is | wonder if the
epi dem ol ogi sts and the ani mal nodelists could have
a short discussion that mght help me about sone of
the differences between either chronic sustained
exposures or peak exposures, because | notice
that's one thing that came up in the epidem ol ogy
is that there mght seemto be nore rel evance with
| ooki ng at peak exposures rather than long-term
Correct ne if I"'mwong. And | knowwth
f or mal dehyde, that canme up recently in the N OSH
study, and then, in |ooking back at the recent NC
study that's com ng out soon is that when peak
exposures were considered, there was actually a
correlation with the exposure to fornal dehyde,
wher eas, when they | ooked at the average or the
chronic, there wasn't.

I wonder if you m ght comrent on that.

DR FISHER  From a nodel i ng perspecti ve,



I could comment. |It's very easily--to use that as
a dose netric, peak levels, and you can use that
information just |ike area under the curve, and you
can have several dose netrics to conpare with
effects.

QUESTION: | wonder if you think that
m ght be worth | ooking at.

DR FISHER Yes, we're planning on using
a concentration as a dose netric or peak, as you're
calling it.

QUESTION:. And | wonder if the
epi demi ol ogi sts m ght comment about whether you
think that's sonething that m ght be | ooked at nore
closely in the data and that sonme of the studies
that aren't |ooking at that mght possibly mss
effects or not.

DR PESCH. Many of these epi deni ol ogi cal
studi es suffer fromm ssing nmeasurenents, so if you
do not have measurenents, you cannot reconstruct
the exposure netrics.

And so, on the one side, it is supported

by the nmetabolismthat naybe peak exposures are of
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a higher inportance. But on the other hand,
wor kers who have peak exposures al so have a | ong
termexposure. So it's hard to disentangl e which
exposure netric would better fit the data.

In our data fromthe MJRC study, we could
not see a dose-response effect with cunul ati ve neasures,
but all risk estimates were very low So it's not
a clear answer to your question.

DR BULL: | could add a hypothetical or
sem hypothetical to that in the sense that | think
that's one reason the Henschl er and subsequent
studi es kind of keeps peaking is because if
you--and it's perfectly consistent with the anim
data. If you expect that the individuals need to
get to a cytotoxic dose of trichloroethylene to the
ki dney, that kind of fits with what the aninmal data
say. But you really have to get to very high
doses, and it's probably not a | ow dose phenomenon,
and | think that's what conmes out of the rest of
t he studi es.

So certainly, peak exposures can be

inmportant if they get high enough, get over the
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threshol d you need to produce significant
cytotoxicities. So I'mputting words into other
peopl e's mouths, but | think that's the reason sone
of the investigators that have been interested in
that particul ar pathway have really pushed that
particular finding for sonme period of time, because
it nmakes a certain anmount of sense.

DR PREUSS: Dr. Lacey?

QUESTION:  Again, | just want to support
what Dr. Pesch said, that |1've been trying with
ot her chemi cal s incl udi ng benzene to disentangle
hi gh exposures, cumul ati ve dose, and peak exposure,
but | correlate that it's very difficult to get
them separated out, and although intuitively it
m ght appeal to people, epidemology, | think, is
not good enough to get those things, those effects.

DR LACEY: | amglad that the word
threshol d cane up, because on the assunption that
any individual peak exposure reaches a threshold
and then initiates with sone certainty a di sease
process, be it cancer or scleroderma or any ot her

condition, the case control design in particular is
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very well suited to identifying those associ ati ons.

So | would argue that if very high peak
exposures were strongly associated with, | think,
for exanple, scleroderma, we, | think, would have
seen it in our data. And so, to date, the absence
of those associ ations, those types of associations,
leads me to think that, in fact, peak exposures are
more inmportant for the conditions we tal ked about
as a contributor to long-term exposure or as a
mar ker of |ong-term exposure. But again, that's
based on data with the limtations that we've been

di scussi ng.

DR PREUSS: Larry?

DR LASH. | just wanted to add that |
soneti mes have been troubl ed when | see--when they
tal k about peak exposures and then cunul ative
doses, because | think you have to just as a basic
principle that when you consider a conpound I|ike
trichl oroet hyl ene as conpared to, say, something
I'i ke dioxins, PCBs or, say, cadm um which have
very, you know, long half lives, that the

consi deration of cumul ati ve dose is not the sane
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for sonething like TCE that's netabolized and
excreted.

And true, there's sonme storage in fat, but
it's not the same type. So | think it goes al ong
with the threshold concept that cumnul ative dose nmay
only be inportant when you get past a certain
point, and I think it's--you know it's somet hi ng
i mportant to consider.
DR PREUSS: Dr. Wang?
DR WANG To respond to this, we should
consider--it's al so published--because the
under ground water, we probably could not --we
probably should not only consider one particul ar
like a TCE exposure, because for t he underground
condition, the anaerobic reductive dehal ogenation
may produce a m xture of exposure of hal ogenated hydrocarbons.
And what we did in ICR mice, that we used
a dose which is about |less than one ml |igram-we
used a micrograns per cc and feeding chronically,
feeding all these ICR mce for 16 and 18 nonths and 18

mont hs, and the mal e showed an increased frequency



of hepatocel lul ar adenoma, and the female, we have
i ncreased manmmary cancer, nmanmmary adenocar ci noma.

And | hope that this probably can also
expl ain sone of the discrepancies that --

QUESTION: | just had a question for Dr.
Lacey. As you well know, your results are at odds
with several other studies which have shown a
signi ficant association between TCE and
scleroderma. 1s it sonething genetically different
about people from M chigan and Chi 0? Can you
comment on that?

[ Laught er.]

DR. LACEY: They're at odds on the issue
of statistical significance, which I think arises
because of the | ow exposure preval ence. But as we
concl uded in the paper, we thought that the
magni tude and the direction of the association was
consistent with others. W just couldn't rule out
chance.

DR PREUSS. One nore?

QUESTION:  Yes, hi, Laura G een, Canbridge

Envi ronnmental and M T.
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I have a question for Dr. Quengeri ch as
the chem st on the panel and also Dr. Pesch and
some of the epidem ologists interested in kidney
cancer.

M/ col | eagues and | and ot hers have
hypot hesi zed that the Henschler cluster of kidney
cancer could be due not to TCE but to
di chl oroacetyl ene. The unusual thing about
cardboard naking is there's a lot of |lye vats
around, and the dehydrohal ogenati on catal yzed by
base of TCE is an, | believe, well-known phenonenon
and the animal toxicologists on the panel probably
know t hat dichl oroacetelyne is an extrenely potent
nephr ot oxi n and nephrocarci nogen in both rats and
m ce, both nales and fenales, at, you know, nuch, I
mean, it's a striking nephrotoxin and
nephr ocar ci nogen across speci es.

So | guess I'mwondering fromthe chem ca
and maybe from the epi dem ol ogi c and naybe Dr.
Cherrie fromthe exposure point of view whether
separate from TCE, whether the perhaps the uni que

formati on of dichl oroacetyl ene in the cardboard
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environnent, given the lye vats, mght be a reason
that the results are so disparate fromone factory
to anot her.

DR GUENGERICH: Well, | can start, and
don't really have an answer about that, because,
well, it gets into contamination. You know, you
can rai se several issues over the years with sone
of the aninmal studies that have been done with
contam nations with epichl orohydri ne and epoxybut ane
and things like that.

I guess | can't, you know, it's
concei vable that this mght be a factor, although
guess I'mnot in a place to know if it really
contributes, and | guess, basically, one would
actually have to have real chem cal data on the
presence of the dichloroacetylene in the industrial
settings.

Per haps somebody el se can expound on that.

DR CHERRIE: Wll, again, | think I'm not
the right person to answer the question, but I
think it's sonething that coul d be investigated

experinmentally to see whether --there's al ways the



possibility in that situation for dichloroacetyl ene
to be produced.

DR. PREUSS: No other questions fromthe
floor, and I don't see hands being raised on the
panel .

I'"d like to thank all of you for joining
us and participating with us. W at EPA very much
wel come the information that you' ve brought. And
so, we thank you very nuch, and 1'd like to thank
the audi ence for their good hunor and their
pati ence. Thank you for having joined us also.
Good afternoon

[ Appl ause. ]

[ Wher eupon, at 12:39 p.m, the neeting

concl uded. ]
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