Proposal No. 2818

Reviewer 1 requests that we include “some data on the expected Hg concentrations”. The lowest doses planned are approximately 1-2 mg Hg/kg body weight – if the mercury were equally distributed throughout the entire organism then this approximates to about 10 μM, and would be a non-lethal dose. However, preliminary experiments suggest that local concentrations will be substantially greater than this lower limit, and that this will depend upon the form of Hg administered. When HgCl2 was administered to rabbits the Hg LIII near-edge spectrum of blood plasma showed a significant concentration of the element (ca. 100 μM), however with CH3HgOH no detectible Hg LIII edge was observed in plasma, presumably because the metal was localized elsewhere. Figure 1 compares the Hg LIII spectrum of a 500 nM petrochemical test sample with two models. The spectrum of the 500 nM sample is the average of sixteen 15-minute sweeps, collected on beamline 9-3. This clearly shows that near-edge spectra of very dilute samples are feasible, with adequate signal to noise. In most cases we expect that the tissues that we propose to study will be considerably more concentrated than the sample of Figure 1, although for the most dilute tissue samples the high photon intensities available on beamline 9-3 will be required. Reviewer 1 also asks “Can fingerprints be applied also to EXAFS?” – in fact we have already applied this sort of analysis to EXAFS (1), although we note that quantitative structural analysis using more traditional approaches will be our primary methods.
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In regard to difficulty of analysis of mixtures reviewer 6 comments that “even when … the EXAFS can be recorded… for example, it will always be difficult to distinguish between species as chemically distinct as methylated and hydrated mercury ions.”  For the reviewer’s specific example the EXAFS of Hg-C and Hg-OH2 are expected to be simple to discriminate because of their different bond-lengths. A search of the Cambridge Structure database (2) indicates typical bond-lengths for Hg-C species of 2.09 Å, and for Hg-OH2 species a Hg-O bond-length of 2.50 Å. For possible Hg-N coordination (typical bond-length ~ 2.04 Å), on the other hand, the reviewer’s point is a good one – EXAFS will not assist in distinguishing Hg-C from Hg-N. Nevertheless, there is cause for some optimism. Firstly, it is not clear that we will always be dealing with mixtures – in our published work on Hg – Se antagonism the mercury was essentially present as a single form (3), and it is possible that the Hg coordination in our proposed experiments will be predominantly in one form. Furthermore, the near-edge spectra (see proposal figure 2) while similar, do show significant differences, which means that we will need to obtain high quality data to be confident in any assignments. Lastly, our goal is to gain a knowledge of the chemical form of Hg in vivo in order to develop candidate drugs for effective chelation therapy. The pivotal question is whether the bulk of the Hg is bound to S, Se, C or O (for example), and we are confident that we will be able to discriminate these, either by examination of the near-edge, or by a combination of near-edge and EXAFS.

Finally, we believe that it may be important to provide some perspective on the possible medical impact of our work. In the introduction to the proposal we pointed out a possible link between autism and thimerasol (ethylmercurythiosalicylate) administered in childhood vaccines (4). Autism is a brain disorder that affects the sufferer’s ability to communicate, relate to others, and react suitably to surroundings. While the link between thimerasol and autism remains unproven, evidence and concern continues to accumulate (e.g. see 5, 6). In particular, some autistic children have been treated with chelating agents, and this shows promise as a possible treatment of autism (7). Figure 2 shows [image: image2.png]Normalized Absorbance
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the excretion of Hg in the urine of an autistic boy (0002CM, aged 5 years at the start of treatment) following chelation therapy with both DMSA and DMPS. Anecdotal evidence suggested that the subject showed an improvement in condition at the end of the treatment (7). Thus, even with the (very ineffective) chelation therapy drugs currently used (DMSA and DMPS) in at least this one case improvements may have been seen. Our ultimate goal is to develop effective chelation therapy drugs for mercury – if successful one possible application might be to the treatment of autism, a disease that so far lacks effective drug therapy. Some form of autism is thought to occur in as many as one in 250 children in the US, and an effective treatment would represent an important advance. 
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Figure 2 Mercury excretion in the urine of an autistic boy following challenge by chelation therapy with DMSA and DMPS (7).





Figure 1 Mercury near-edge spectra of a 500 nM sample (solid line) of unknown composition, compared with aqueous solutions of Hg(NO3)2 (dotted line) and MeHgOH (dashed line).








