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Abstract A 24-year-old man injected himself intra-
venously with metallic mercury in a suicide attempt, and
died 5 months later after cutting his wrists. The b:ain was
removed at postmol1em and 7-Jlm paraffin sections were
cut from representative blocks. Dense deposits of mercury
\Vere found on autometallography in large cortical motor
neurons, but in no other cerebral neurons. Smaller mer-
cury deposits were found in the brain stem (in the mesen-
cephalic trigeminal nucJeus, noradrenergic neurons, and
in neurons for extraocular muscJes), the cerebellum (in
the demate nucJeus) and in lateral motor neurons in the
C2/3 spinal cord. Mercury deposits were found in glial
cells in all regions. The finding that elemental mercury
enters human cortical motor neurons in preference to
other cerebral neurons raises the po~sibility that this neu-
rOlOxinmay play a part in the pathogenesis of some hu-
man motor neuron diseases.
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Introduction

In experimental animals, inorganic.mercury ions and ele-
. mental mercury vapour are taken up predominantly by
motor neurons in the spinal cord and brain stem [19,20].
Mercury can be demonstrated by autometallography, a
technique which allows the microscopic detection of
nanogram amounts of mercuric sulphide or mercurie se-
lenide within cells [6]. We have examined the brain of a
man who injected himself with metallic mercury and who
committed suicide 5 months later. We found large
amounts of mercury in cortical motor neurons and smaller
amounts in some brain stem and cerebellar neurons.
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Case report

A 24-year-old man had a history of heroin abuse and repeated sui-
eide attempts. He presented to the emergency ward after aucmpt-
ing suieide by breaking the ends off two industrial thennometers
and injecting the metallic mercury via a syringe with a large-borc
needle into an amecubital vein. He described no systemic symp-
loms related {Othis injection. and examination revealed no neuro-
logical abnonnalities. His blood mercury leve! was 0.27 Jlmoln
(nonnal range 0.00-0. JO Jlmolfl). Radiographs showed small glob-
ules of mercury in his right venu;c1e, througllOut bOlh lun g fields
and in his pelvic \'enous plexuses. After a perlod of observilion h~
was allowed 10 leave hospital without treatmen!. and he \Vas losI to
follow-up. Five months laler he died after injecting himse1f with a
large dose of heroin and lacerating both his wrists.

Postmol1em findings

AI poslmonem examinatior. S h afler death metallic mercury g.lob-
ules were seen on the CUIsurfaces of his right vemricular mv-
ocardium. th~ lungs and in Ihe pelvic veins. but no macroscopic
mercury was secn in Ihe brain. Tissue mercury concemrations
(with mean nonnal values from autOpsies of 113 persons in brack-
els [21]) were: liver 7.5 flg/g (0.25 J.!g/g).heart 106.000 Jlg/g (0.10
Jlg/g), kidney 180 Jlg/g <0.76~g!g). lung 543 Jlg/g (0.25 Jlg/g) and
cerebrum 0.1 flg/g (0.08 Jlg/g). Microscopy showed foreign-body
granulomas in the myocardium and lungs. The brain was sus-
pended in 10% buffered fonnalin for 3 weeks. The spinal cord was
not removed. After fixation. the cerebrum was sectioned in lO-mm
slices- in the horizontal plane. the cerebellum in the parasagiual
plane and the brain slem in 5 mm slices in the transverse plane.
Representative blocks were processed routinely and 7-Jlm pamffin
sections stained with haematoxylin-eosin and cresyl violet-Luxol
fasl blue. Blocks were taken from the kidney and liver and
processed similarly. The bmin and spinal cord from a 26-year-old
man who died from respiralory complicalions of cystic fibrosis
\Vastrealed in Ihe same way as a conlrol.

AUlometallography

Paraffin sections weie stained for mercury by autometallography
(6). Brieny. sections were pretrealed with 1% potassium cyanide
for 2 h 10 eliminale non-specific staining from silver sulphides or
selenides. and in 10% pOlassium cyanide for 10 min to eliminalc
non-speeific staining from gold (25). Seclions werc phlccd in
physical developer containing 50% gum arabie. citrale huffer. hy-
droquinone, and silver nitr:uc al 26°C for 70-90 min in Ihe dark.
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Fig.l Silver-labelJed mercury
deposits in the cell bodies and
neurites of twO laree conical
motor neurons. Sc;ttered glial
cells (arrow) contain small
amounts of cytoplasmic mer-
cury. Bar 20 Jlm
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Excess silver was removed by 59<:sodium thiosulphate. Sections
were counterstained with 0.5% cresvl violet and \'iewed under
bri!!ht- and dark-field illumination. Silver !!ranules surroundin!!
mcrcurydepositsare referredto !isumercury~granules". -

Microscopic findings

No histopalhological abnormalities were seen on sect.ionsfrom the
cerebrum. cerebellum or brain stem. Autometallography showed
no mercury granules in an)' neurons of the control case. In the mer-
cury-injected case. mercury granules were seen in capillary walls
and in the c)'toplasm of sc:mered glial cells throughout the brain.
with no panicular pre.dilictionfor moto'r areas.

In the cerebrum. mercurv eranules were restricted to lar!!e mo-
tor neurons in the primary -m-otorconex (Fig. 1). Granules were
seen throughout the perikarya of these neurons. and extended into
neuronal processes for considerable distances. No grånules were
seen in any other cerebral neurons (in the cerebral neoconex. hip-
pocampus. basal ganglia or diencephalon) or in the ependyma.
Scattered cells in the choroid plexus contained small amounts of
mcrcurv.

In the brain stem, neurons in the mesencephalic trigeminal nu-
deus contained a moderate number of mercury granules: Nora-
drencrgic neurons. both in the locus ceruleus and those scattered
throughout the lateraltegmenlUm [7J, contained a moderate num-
ber of mercury granules. Small numbers of mercury granules were
seen in the perikarya of neurolls in the oculomotor, trochlear and
abduccns nudeL No granules were found in'neurons of the faeial.
trigeminal motor or hypoglossal nudeL or in the' substantia nigra.
In the cerebellum, small numbers of mercury granules were seen in
scattered dentate neurons. No mercury was seen in Purkinje or
gr.mule cells. In the C 1-3 spinal cord, small numbers of mercury
granules were secn in a few neurons in the l:nerally placed acces-
sory nudeL No granules were secn in Ileurons of the dorsal homo
Tubules. but not glomeruli. within the kidney stained strongly for
mercury. Periponal hepatocytes contained numerous mercury
gr.mulcs.
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Discussion

Elemental mercury (HgO)can cross the blood-brain barrier
to enter the central nervous system. Most elemental mer-
cury is.oxidised to ionic mercury (Hg~+)by catalase in'red
blood cells. 'and very liule Hg~+crosses the 'blood-brain
barrier (5). Before it is oxidised, however. Hgo can cross
the blood-brain barrier readily and enter neurons. The
concentration of mercury that remains within these neu-
rons may depend on their content of catalase which traps
Hg~+within the cell [9). Ionic mercury can bypass the
blood-brain barrier byentering terminal motor axons at
the neuromuscular junction [2) and then reach motor neu-
ron cell bodies DYretrograde' axonal transport [I). With
low doses of Hg:!+,entry across the rieuromuscular junc-
tion seems to predominate, since low doses are taken. up
selectively by spinal motor neuro'ns (23). .

Transport of mercury across the neuromuscular junc-
tion cannot explain why. in this case. large cortical motor
neurons contained mercury. Unfortunately. the spinal cord
was no! available for examina!ion in our pa!ien!, so we do
not know if mercury could have been !ransferred transy-
naptically from spinal to cortical motor neurons. Primates
('bU!not rodents) have many direc! connections between
cortical and spinal motor neurons [24], so transfer of mer-
cury from lower to upper motor neurons in humans is the-
ore!ically possible, given tha! !e!anus toxin [8) and some
'viruses [14) can be iransferred !ransynaplically.

Automelallography has been used previously !o study
the lissue distribu!ion of mercury in a human exposed to
elemenlal mercury LII]. This man developed mercurial-
ism after filling mercury !hermomcters for 18 months. He
died 16 years later, and mercury granuJes were I'ound in

. . : ,

.



large pyramidal neurons in the cerebral cortex, large neu-
rons in the brain stem, and large motor neurons in the an-
terior horn of the spinal cord. Non-motor neurons affected
were those in the substantia nigra (with the largest mer-
cury 10ild), Purkinje ceIls and spinal ganglia. Non-neu-
ronal uptake. was seen in astrocytes and in blood vessel
waIls. The wider distribution of mercury uptake in this
case compared to ours could be due to the langer exposure
to mercury (18 versus 5 months), or the fact that exposure
would have been primarily to mercury vapour, not to in-

.jected metallie mercury as in aur case.
. In aur case, cortical motor neurons, rather than brain

stem motor neurons, contained mercury. This would argue
against a hypothesis of mercury-induced Sporadic motor

.neuron disease (SMND) of the amyotrophic lateral sdero-
sis type, where both upper and lower motor neurons are
affected. However, it has been postulated that SMND is a
primary disorder of th~ cortical motor neuron, with lower
motor neurons being affected secondarily [10]. Further-
more, no large spinal motor neurbns wete available for
examination in this case.

A small amount of mercury was present in the oculo-
motor, trochlear, and abducens nudei of our case. Motor
neurons for extraocular musdes are genera,lly intact in
SMND [13] but sparing is only partial since oculomotor
neurons are lost in long-surviving patients [18]. Extraocu-
lar motor neurons contain calcium-binding proteins that
protect against calcium-mediated ceIl damage [12], and
these may limit mercury neurotoxicity since a number of
the damaging effects of mercury appear to be mediated
via calcium [16].

In conclusion, we have demonstrated that, after expo-
sure to elementa l mercury, the metal is deposited in hu-
man cortical motor neurons and in scattered groups of
neurons in the brain stem and cerebellum. Mercury is a
well-established neurotoxin with the potential to damage
neurons via a number of mechanisms: generation of oxy-
gen radicals [17] or excitotoxins [3], release of intracellu-
lar calcium [4] or lysosomal.enzymes [15], or cytoskele-
ton disorganisation [22]. The predominant uptake of mer-
cury by cortical motor neurons suggests that this metal
coold be a pathagenetie agent in some cases of human
motor neuron disease.
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