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The investigation “Surveillance Methods for Solvent-Rel ated
Hepat ot oxi city” (SERCA 5 KO1 OH00165-03) was conpl eted i n Sept enber
2001. The follow ng Technical Report is submtted in advance of
publ i cations/ manuscripts which are currently under devel opnent.

The pur pose of this investigation was to address the foll ow ng
Study Ai ns:

1) Determning if changes in hepatic parenchymal echogenicity—in
relation to routine hepatic transam nase |evel s--occur in solvent
exposed painters conpared to a referent group of |ess exposed
car penters.

2) Determning whether elevations in pro-collagen biomarkers of
fibrosis and fibrogenesis occur in painters conpared to referents.
3) Determ ning whether elevations in serum bile acids occur in
pai nters conpared with the referent group, and

4) Determ ni ng whet her a dose-response rel ati onship exists between
hepati c surveil |l ance end-poi nts and cunmul ati ve or subacut e exposure
to sol vents.

Subj ect popul ati on:

The st udy popul ation i ncluded the fol |l ow ng groups of workers,
representing a broad spectrum of organic solvent exposure in the
course of usual occupational activities: 1) industrial painters,
representing a generally high mxed solvent exposure group; 2)
mllwights, representing an internedi ate exposure group; and 3)
carpenters, representing a mnimally exposed referent group.

Pr ocedur es:

Dat a col l ection i ncl uded an i nterview adm ni st ered
questionnaire to determ ne cunul ative career sol vent exposures (by
means of a sem -quantitative cunmul ati ve exposure index), wth both
venous sanpl e collection and hepatic ultrasonography perforned at
Kadl ec Medical Center (R chland, WA). Laboratory eval uation of
bl ood sanples i ncluded tests of hepatic function paraneters,
specifically cytokine analyses performed at the Fred Hutchinson
Cancer Research Center (Dr. George MDonald; pro-collagen
bi omarkers of hepatic fibrosis); and serum bile acids at the
Veterans' Adm nistration Hospital (Dr. Sum P. Lee).

Har d- copy hepatic sonograns were interpreted for qualitative
radi ographi c changes (Drs. Wang, Carpenter, and Dubinsky) and
guantitative sonographi c neasurenents with referent phantomi nmages
(David G een).

Statistical Anal yses:

In addition to conparisons of hepatic biomarkers by job
classification (carpenter, mllwight, painter), multiple linear
regression analyses were perfornmed to assess hepatic biomarker
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levels as a function of a sem-quantitative cunul ative exposure
i ndex, adjusting for confounders of age, gender, alcohol intake,
body mass index, and serologic evidence of prior Hepatitis B/C
i nfection.

Si gni fi cant Fi ndi ngs:

A total of 102 participants conpleted their data collection
sessions at Kadlec Medical Center, as described above (see
Procedures). The study results are provided with a Table of
Contents/List of Tables below, with a sunmary abstract. St udy
subj ect s have been sent copies of their routine | aboratory results,
with a cover explanatory letter, per Human Subj ects protocol, using
approved Explanatory Letter Form

A significant elevation in the hepatic cholestatic enzymne
gama gl utanyl transpepti dase (GGI) was observed in painters, with
a mean level of 41 UL, conpared with carpenters and m |l wights
27 1UL (p < 0.05). This effect was also denonstrated by a
significant exposure-response for GGI' and cunulative career
exposure to mxed general solvents, observed in nultiple linear
regressi on anal yses control ling for age, gender, al cohol, body mass
index (p < 0.05)

In summary, the findings confirned the utility of gama-
glutanyl transpeptidase (GGI), a biochem cal marker for hepatic
chol estasi s, in assessing early hepatic changes in sol vent - exposed
wor kers. Evidence for a significant exposure-response rel ati onship
was identified, after controlling for the effects of age, al cohol
i ntake, body mass index, and serologic findings of Hepatitis B
surface antigen or anti-Hepatitis C antibody. In contrast, no
significant or consistent associations have been identified thus
far between solvent exposure and hepatic transam nase |evels
(ALT, AST), serumbile acid | evels, or hepatic cytokine levels with
the exception of a trend towards elevation of Procollagen 111
observed in mllwights (p=0.07).

Qualitative ultrasound readings (with 3 blinded radi ol ogi sts)
denonstrated a trend for noderate to severe parenchymal changes in
association with curnul ative career exposure to general solvents
(p=0.07), with a significant association between noderate-severe
sonogr aphi ¢ changes and curul ati ve general sol vent exposure index
values greater than the nedian (p=0.03). Use of a hepatic
“phantonf for quantitative ultrasonographic readi ngs denonstrated
Nno exposure-response association, and appears to offer Ilittle
utility in surveillance for early hepatic changes.

Usef ul ness of Fi ndi ngs:

The significant association between changes in routinely
avai |l abl e tests of hepatic function, namely the chol estatic hepatic



enzyme GGI, as well as ultrasonography, in relation to m xed
general sol vent exposure, denonstrates potential efficacy for these
tests in population surveillance of solvent-exposed workers. The
current findings do not suggest an efficacious role for serumbile
acid or cytokine biomarkers for detecting early hepatic injury
rel ated to sol vents, though the finding of el evated Procol |l agen |11
levels in mllwights bears further investigation.

A specific assessnent of wutility for these tests wll be
provided in subsequent manuscripts that wll be submtted for
publ i cati on.
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ABSTRACT
SURVEI LLANCE METHODS FOR SCLVENT- RELATED HEPATOTOXI CI TY

Pur pose:

The purpose of this investigation was to determne the
efficacy of clinically available tests of hepatic function in
detecting early hepatic changes associated with m xed solvent
exposur es.

Met hods:

A cross-sectional investigation of 102 workers with a range of
cunmul ative career exposure to organic solvents was conducted,
rangi ng fromcarpenters with | ow cunul ati ve exposure, mllwights
with internediate exposure, and industrial painters wth higher
cunmul ative exposure to m xed organi ¢ sol vents.

Dat a col l ection i ncl uded an i nterview adm ni st ered
questionnaire used to determne a cunulative exposure index to
m xed general solvents, with both venous sanple collection and
hepatic ultrasonography perfornmed at a regional nedical center
(R chland, WA). Laboratory evaluation of blood sanples included
tests of hepatic function paranmeters (ALT, AST, AP, GGI, and
bilirubin), serum bile acid levels, and cytokine (pro-collagen
bi omarkers of hepatic fibrosis) analyses. In addition to
conpari son of hepatic biomarkers by job classification (carpenter,
mllwight, painter), nultiple |inear regression analyses were
performed to assess hepatic biomarker levels as a function of a
cunmul ati ve exposure (by a sem-quantitative exposure index),
adj usting for confounders of age, gender, al cohol intake, body mass
i ndex, and serol ogi c evidence of prior Hepatitis B/ C infection.

Resul ts:

A significant increase in the hepatic chol estatic enzyne gamma
gl utanyl transpepti dase (GGI) was observed in painters, with a nean
level of 41 IUL, conpared with carpenters and mllwights (27
UL, p < 0.05). This effect was also denonstrated by a
significant exposure-response for GGI' and cunulative career
exposure to m xed general solvents, observed in nultiple linear
regressi on anal yses control ling for age, gender, al cohol, body nmass
index (p <0.05). In associationwith this chol estatic bi ochem cal
change, a trend towards noderate to severe sonographi c parenchynal
changes in association with general solvent exposure was observed
by ul trasound (p=0.07).

O her tests for hepatic bi ochem cal function including hepatic
transam nases (ALT, AST) and serum bile acids denonstrated no
consi stent exposure-response relationship with mxed solvents.
Anong the pro-collagen biomarkers of fibrosis, a trend towards

5



el evation of Procollagen Il was observed in m|lwights (p=0.07).

Concl usi on:

The significant exposure-response relationshi p between career
cunmul ati ve exposure to mxed solvents and hepatic GGI |evels
supports a primary cholestatic effect of solvents, wth an
associ at ed trend for hepati c par enchynal changes on
ul trasonography. The absence of consistent el evations in cytokine
bi omarkers of fibrosis suggests that these ultrasonographic
findings represent steatosis rather than fibrosis. The cholestatic
hepatic effects observed in this study appear to be nost prom nent
in industrial painters, a group with high exposure to m xed
sol vents.



