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d-Penicillamine (dimethyl cysteine) was first devel-
oped as a drug to remove excess copper from patients
with Wilson’s disease [1] and it is indeed a good metal-
complexing agent both in vitro and in vivo [2]. How-
ever, the action of d-penicillamine is more complex
than at first supposed. For example, it is an effective
therapeutic agent in the treatment of rheumatoid
arthritis [3] and it is known to affect thiol/disulphide
equilibria in this therapy [4, 5].

A spectrophotometric titration using the forma-
tion of ES™ as an indicator was carried out for 1-
cysteine and d-penicillamine. Two mol of cysteine
and one mol of penicillamine per mol of ESSE were
required for complete reaction (Fig. 1). Some other
primary thiols, namely, glutathione, §-D-thioglu-
close and thioglucose tetraacetate, all reacted in the
same way as cysteine, whereas the secondary thiol,
thiomalic acid, reacted in the same way as penicil-
lamine.

A standard method of analysis for thiol in bio-
logical systems is by reaction with Ellman’s reagent
[6] — §,5dithiobis(2-nitrobenzoic acid) (ESSE).
This produces an aromatic thiol which is ionised at
pH 7.6 and has a characteristic absorption band in
this form which can be used in a spectrophotometric
analysis procedure.

RSH + ESSE - RSSE + ESH (€3]
ESH-ES™ +H' 2

It is possible that this reaction could go further,
RSH + RSSE - RSSR + ESH 3)

The reason for the different behaviour between
the two groups of thiols is not immediately obvious,
and both steric and electronic effects may play a
part. ESSE itself does not react readily with many
partially protected thiol groups which are accessible
to other reagents [7]. For example, there is one thiol
group on haemoglobin which is accessible to cysteine
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Fig. 1. A comparison of the spectrophotometric titration of
cysteine and penicillamine with Ellman’s reagent. The
abscissa is expressed as a molar ratio.

and with which ESSE does not react. This observa-
tion and the apparent differentiation into primary
and other thiols would both suggest that the steric
effect may predominate, although this is not very
obvious from models of these molecules.

There are, however, implications for the action
of penicillamine in rheumatoid arthritis and other
diseases. In a practical sense, the standard proce-
dure of using an excess of ESSE in thiol determina-
tins [6] is obviously essential for reliable analysis
and the use of spectroscopic titrations in conjunc-
tion with another method of thiol quantification
such as radioactive labelling may help to character-
ise the nature of the thiol present. In a fundamental
sense, cysteine in plasma is present mainly as cys-
tine (RSSR) or complexed to metals. Penicillamine,
however, is more likely to be present as a mixed
disulphide bound to other naturally occurring thiols.
Caeruloplasmin, the main oxidase in plasma, is a
specific substrate for the oxidation of cysteine and
also oxidises penicillamine more slowly [8]. It is
raised in inflammation and almost absent in Wilson’s
disease. Thus, in inflammatory conditions, the most
likely forms of penicillamine to exist for any length
of time are a variety of mixed disulphides. They may
well have a different and wider distribution in vivo
than does cystine which, at normal body pH’s, is
rather insoluble and certainly much less soluble than
the mixed disulphide of penicillamine and cys-
teine.
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