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Summary Statement:

The following specific aims were addressed in the funding period of this
grant (5/1/84 - 10/31/87):

1. Detection and quantitation of pyrrole adduct formation in neural and
nonneural proteins from rats receiving acute or prolonged exposure to 2,5­
hexanedione (2,5-HD), and following cessation of exposure in order to assess
clearance of the adduct.

2. Physicochemical characterization of serum albumin and axonal cytoskeletal
protein from 2,5-HD-treated animals; elucidation of specific sites of lysine
modification within these proteins.

3. Characterization of in vivo protein binding of non-neurotoxic 2,4-HD.

4. Assessment of the ability of 2,4-HD to influence the time-course of 2,5­
HD neuropathy by competitive binding with protein amino groups.

S. Examination of in vitro covalent protein amine binding of other
neurofilamentous neurotoxins, inclUding carbon disulfide, P,P'­
iminodipropionitrile (IDPN), and acrylamide.

As suggested in the original summary review statement for this grant,
research efforts were concentrated on fulfillment of specific aims 1 and 2.
Major progress was made towards accomplishment of these aims, and our most
important findings are listed below. Progress was also made for specific aim
S. In general, our findings provide strong support for our hypothesis that
pyrrole formation in neurofilament (NF) protein in a required step in 7­
dike tone neuropathy. The present work has provided much additional progress
towards the elucidation of molecular mechanisms of action of the 7-diketones
and other occupational neurotoxins.

List of SiJDificant Results:

- Methodology for sensitive detection and quantitation of pyrro1e adduct
formation in tissue protein was perfected.

- Evidence for dose- and time-dependent pyrrolylation of axonal cytoske1etal
proteins was obtained following exposure of rats to 2,S-HD.

- A decrease in the pyrro1e concentration of such preparations was detected
following cessation of exposure, consistent with the presence of clearance
mechanisms within the axon capable of removing pyrrolylated protein to some
extent.



- Pyrrole adduct formation in NF protein was detected and estimated to be in
the 1-3 adducts/molecule range, suggesting the conversion of specific,
highly vulnerable lysine groups.

- The formation of crosslinked derivatives of NF proteins with 2,S-HD
exposure in vivo was revealed. The crosslinking appeared to be restricted to
the NF-M and NF-H subunit proteins; those species involved in maintenance of
normal NF-NF interaction within the nerve fiber.

- The protein crosslinking phenomenon in 2,S7HD neuropathy was demonstrated
to be a free radical-mediated reaction probably involving radical addition
to the pyrrole nucleus. The reaction was inhibited under a nitrogen
atmosphere and in the presence of antioxidants, and was accelerated by
radical initiators.

- Crosslinking was shown in vitro to proceed solely by pyrrole-pyrrole
dimerization, thus excluding proposed mechanisms involving other amino acid
sidechains.

- In vitro studies demonstrated a lag period between initial pyrrole
formation and subsequent autoxidative crosslinking. This suggests that the
rapid reorganization of the axonal cytoskeleton seen with direct application
of 2,S-HD to nerve fibers may involve pyrrole formation but not
crosslinking.

- In vitro studies revealed that lysine is the only amino acid in protein
exhibiting significant reaction with 2,S-HD. In addition, at high
concentrations, 2,S-HD appears able to react with previously formed pyrroles
to form higher adducts.

- The mechanism of the pyrrolylation reaction involves the formation of an
imine intermediate. The rate-determining step of the reaction is attack of
enamine nitrogen upon the second carbonyl function to form the pyrrole. This
confirms previously proposed mechanisms for the reaction.

- Pyrrolylation of protein results in conformational changes associated with
translocation of the hydrophobic adduct to a less accessible location within
the molecule. Thus, such alterations occurring in vivo may lead to
disruption of axonal cytoskeletal function.

- The deuterated 2,S-HD derivative ([DlO ]-2,S-HD) forms pyrroles at a slower
rate in vitro and in vivo, and is less neurotoxic in the rat than native
2,S-HD. This is strong evidence for an absolute requirement for the
pyrrolylation phenomenon in ~-diketone neuropathy.

- In vitro studies indicate that the related neurotoxins carbon disulfide
and IDPN are also capable of covalently modifying lysine amino groups in
protein, while acrylamide may preferentially react with sulfhydryl moieties.
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