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Persistent mercury in nerve cells 16 years after metallic mercury
poisoning

A male subject, after exposure to mercury metal at work in 1968, developed
classical signs of mercurialism from which he made a slow clinical
recovery. He subsequently developed psychoneurotic symptoms and
became an alcoholic; he never returned to work and died in 1984. No
histological changes relevant to mercury intoxication were found in the
brain, but staining by Danscher & Schroeder’s method for mercury showed
many positively staining lysosomal dense bodies ‘in a large proportion of
nerve cells, and the presence of mercury was confirmed by elemental X-ray
analysis. The mercury content of the brain was increased, much of it being
present in colloidal form.

Introduction

Poisoning by inorganic mercury in the majority of cases is considered to be
reversible on removal from the source of intoxication (Hunter, 1959) but in
severely affected cases the symptoms and signs of mercurialism may persist
(Teleky, 1955; Takahata et al., 1970). In the few reported cases studied post-
mortem, no significant structural changes have been noted (Brigatti, 1949)
with the exception of the unique cases of chronic calomel poisoning reported
by Davis et al. (1974). It is of some interest, therefore, to record a case of
metallic mercury poisoning in whom excess mercury was found in the tissues
at post-mortem study 16 years later. Although there was no histological
evidence of mercury toxicity, staining by Danscher & Schroeder’s (1979)
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Figure 1. Examples of the handwriting and drawing of the patient B.C.. a, shortly after

gdmission to the National Hospital, Queen Square and b, 6 months later. Note the substantial
improvement of the tremor.

method revealed positive material in many nerve cells, confirmed by X-ray
analysis to be mercury.

Case report

B.C., a male aged 50 at death, had worked for about 18 months filling mercury thermometers
before he was seen at the National Hospital, Queen Square, by Dr K. Zilkha in April 1968. He
presented complaining of tremor in both hands, drowsiness, constipation and a foul taste in the
mouth. His tremor had insidiously become worse over the previous 3 months having begun in
his hands and then spread to involve his legs and later his whole body. The tremor was worse
in the company of others and when he was excited, his speech was tremulous and writing
became increasingly difficult (Figure 1). On examination, the protruded tongue was tremulous.
There was marked tremor of the outstretched hands, dysarthria, and titubation, but no sensory
disturbances or motor weakness. There was a blue discoloration of the inside of the lower lip
and of the lower gum.

The urine contained 1015 pg of mercury in a 24 h specimen (1400 ml) on the day of admission
and 406 xg in a 24h specimen (1120m!}) on the second day. The blood mercury content was
481 4g/100ml. Electroencephalogram examination showed mild diffuse non-specific abnormal
activity.
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Despite treatment with N.acetyl penicillamine, he was slow to recover, and by August 1968
he still showed tremor, poor concentration and an intellectual deficit, but his handwriting had
improved considerably (Figure 1a & 1b). He was discharged in November 1968, though he
continued to complain of forgetfulness and of having odd ideas but when seen in May 1969 his
tremor had greatly improved. He was never subsequently employed, became increasingly
alcoholic and he stated that he suffered from epileptic fits for which he was given treatment. In
August 1984, he was brought in dead to King's College Hospital, Denmark Hill, having
collapsed at home.

POST-MORTEM EXAMINATION (DR S. CORDNER, GUY’S HOSPITAL)

The lungs contained inhaled gastric contents. Superficial scars of old contusions were present
in the temporal lobes, and on cutting the brain slight ventricular dilatation was seen.
Histological examination of the brain using conventional neuropathological stains did not
reveal any loss of cerebellar granular cells or other changes to suggest previous mercury
poisoning.

HISTOCHEMICAL IDENTIFICATION OF MERCURY

Paraffin sections (10um thick) were cut from various regions of the brain, including the
cerebral cortex, hippocampus, cerebellar cortex, spinal cord and spinal ganglia. After
dewaxing, the sections were stained by the silver precipitation method of Danscher &
Schroeder (1979) and control sections from nervous tissue of an age-matched male with no
known exposure to mercury were stained in parallel.

X-RAY ELEMENTAL ANALYSIS

Attempts to detect mercury by this method in unstained paraffin sections were not successful.
Paraffin sections stained by the Danscher & Schroeder method were therefore used. They were
processed conventionally for electron microscopy and ultrathin sections were then cut at
approximately 400nm and mounted on copper grids supported by a carbon film. These thin
sections were analysed over positive and negative staining areas using a JEOL 100 CX
instrument fitted with KEVEX 700-Q EDAX at an accelerating voltage of 100kV for 100s and
employing a beam of less than 10 nm.

CHEMICAL ANALYSIS

Portions of fresh kidney, liver and brain taken at post-mortem examination were initially
analysed for mercury by atomic absorption spectrometry at the Poisons Unit, Guy’s Hospital,
and subsequently the total and colloidal state of the mercury was determined at the
Toxicology Unit, Carshalton by the method of Magos et al. (1934).

Results

In the various brain sections stained by the Danscher & Schroeder method,
many nerve cells in all regions examined contained abundant black granules
about the size of lysosomal dense bodies, often occurring where lysosomes
and lipofuscin granules are normally found (Figures 2-5). The amount in
each cell varied considerably, depending partly upon the plane of the section,
but they seemed to be most abundant in neurons of the substantia nigra. In



446 R. J. Hargreaves et al.




Persistent mercury in nerve cells 447

Table 1. Mercury concentrations in fresh organ samples
taken at post-mortem examination

Mercury concentrations (ppm)

Laboratory 1 Laboratory 2

Organ Total Hg Total Hg  Colloidal Hg
Kidney 26 1-73 0-87
Liver 0-04 006 <001
Brain

Occipital 4-3 2:23 1-00

Temporal 1-09 097 035

Cerebellum 1-16 093 090

the cerebral cortex, some large pyramidal neurons contained considerable
quantities while In others it was scanty or absent. In small neurons, there
were frequently a few granules. The small cells of the dentate fascia appeared
to be free of stained material, as were the hippocampal pyramidal cells,
except for a few heavily stained large cells in the H; region. In the
cerebellum, the cytoplasm of most Purkyné cells had a fine sprinkling of
black granules that often extended into the dendrites. Granule cells generally
showed small numbers of black grains in their cytoplasm. Large neurons in
the brain stem and in the anterior horns of the spinal cord either showed
dense clusters of black granules or a fine sprinkling of granules throughout
the cytoplasm; very few had none at all. Neurons of spinal ganglia usually
had large clusters of black granules. Satellite cells were unstained, but small
black granules were constantly seen in the perinuclear cytoplasm of
peripheral nerve Schwann cells. Small numbers of black granules were
constantly present in many astroglial cells and in cells associated with vessel
walls. No deposits of silver were seen in sections from the unexposed control
subject, even though lipofuscin granules and lysosomal dense bodies were
readily visible (Figure 5).

Figure 2. Neurons of the substantia nigra. Note the dense precipitate in the majority of cells.
Small black granules are also visible in glial cell cytoplasm in the neuropil. Danscher &
Schroeder’s method counterstained with haematoxylin. x 475.

Figure 3. Cerebellar cortex. There is a fine black precipitate in the perikarya and dendrites of
the Purkyné cells. Method as Figure 2. x 275.

Figure 4. Dorsal root ganglion cells showing clumps of dense black particles lying to one side
of each cell. Virtually no precipitate is present in the intervening connective tissue. Method as
Figure 2. x475.

Figure 5. Dorsal root ganglion from a control subject not known to have been exposed to
mercury. No precipitate present. Arrows point to clusters of lipofuscin granules. Danscher &
Schroeder’s method. x 475,
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Figure 6. X-ray microanalysis
trace (solid) from a region of a
nerve cell containing precipitate
showing a peak for mercury (Hg
(M)) and a larger peak for silver
(Ag (L)): background levels are
shown by the dotted trace from
an adjacent unstained area of
cytoplasm.

Electron microscopy confirmed that all the electron dense silver deposits
of stain lay within lysosomal dense bodies, and X-ray elemental analysis
showed peaks typical for silver over positive areas; in addition, a small peak
at 2:2KeV was also present consistent with the M peak of mercury (Figure 6).

CHEMICAL FINDINGS

Tab'le 1 lists the mercury concentrations in kidney, liver and in different
bra1r.1 areas. Differences in the findings in the two laboratories are negligible
for liver, cerebellum and temporal cortex, but the second laboratory found
33% less mercury in the kidney and 48% less in the occipital cortex than had
been. found in the first. Since tissue pieces and not homogenates had been
received by each for analysis, uneven tissue distribution may have been
respopsible for these discrepancies. Table 1 also shows that most of the
deposited mercury was in colloidal form, most likely as HgSe or HgS.

Discussion

The present case stands in marked contrast to the two examples of chronic
calomel poisoning reported by Davis et al. (1974). Our present subject had
been exposed to elemental mercury vapour for 18 months. He suffered from
mercurialism from which he slowly recovered after exposure had ceased and
he died 16 years later. The two reported subjects of Davis and colleagues
(1974) had taken calomel for constipation daily for 6 and 25 years respectively
from which they developed mild ataxia and dementia, in addition to erethism
and intention tremor. The concentrations of accumulated mercury in their
kidneys (42 and 25 ppm) and in liver (one patient 25 ppm) were considerably
higher, and in the brain (3-3 to 6:0 ppm in different cortical brain areas) only
slightly higher than the figures for the present case. A common feature
between our case and the first calomel victim was that a substantial
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Table 2. Reported ‘normal’ tissue concentrations of mercury in relevant organs from research
groups working in North America

Mercury concentrations (ppm)*

Organ Group 1 Group 2 Group 3 Group 4
Kidney 076+1-20 076
0-006-6-40 0-075-3-36
(95) (20)
Liver 0-254+0-29 017
(0-008-1-43) 0-026-0-545
(95) (20)
Brain
Cerebrum
0-081+0-105
0-008-0-47
(61)
Occipital 0-30+045 0-054+0-062
lobe 0-08-1-69 < 0-008-0-220
(12) (11
Temporal 0244048 0039+ 0-028
lobe 0-04-1-72 0-007-1-20
12) a1
Cerebellum 013+0-194 0444053 0-10
0-006-0-96 0-08-1-85 0-038,0-160
(60) (12) @

Location of groups: Group 1, Seattle (Wa) (Mottet & Body, 1974); Group 2, Buffalo (NY)
(Olzewski et al., 1974); Group 3, Northern Ontario, Canada (Smith & Bewcastle, 1977); Group 4,
Denver and Los Alamos (Stein & Moss, 1974).

*Values are means + SD and the range. Figures in parentheses are the number of samples.

proportion of the deposited mercury was found to be in colloidal form (Magos,
1980).

At post-mortem examination of the calomel-poisoned cases, diffuse loss of
granule cells from the cerebellum was found. Timm’s stain for mercury was
positive in neurons of the inferior olives and dentate nuclei, but less so in
Purkyné cells, substantia nigra and anterior horn cells. While this stain is
not specific for mercury, chemical analysis noted above also suggested
retention and storage of mercury in neurons of many regions, although the
intoxication was of an unusually chronic kind.

As far as the concentrations of mercury are concerned, the first question
is how far the values for our case shown in Table 1 relate to normal values
for mercury in the tissues. Unfortunately, there are no established normal
values for UK residents and therefore we must refer to tissue concentrations
reported from other regions for comparison. Selection of data has been
based upon comparability of blood mercury levels. For example, since
mercury concentrations in the blood of people in Japan with no recorded
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occupational exposure to mercury are about six times higher (Suzuki et al.,
1971; Fujita & Takabatake, 1977) than those of UK residents (Haxton et al.,
1979), tissue mercury concentrations published from Japan (Yukawa et al.,
1980) are not suitable for comparison. Furthermore, since the mean blood
mercury concentrations reported from the USA (Magos & Clarkson, 1972;
Baglan et al., 1974; Pitkin et al., 1976) and Canada (Dennis & Fehr 1975) range
from 1:5 to 8'7ng/m] and are comparable with the 3-5ng/ml found in residents
along the English Channel (Haxton et al., 1979), North American tissue
mercury levels offer the best comparison, with the following two provisos.
The first is that post-mortem material is usually derived from hospital
populations and may not, therefore, be representative of the general
population, and secondly no attempt is usually made to trace an occupational
history of mercury exposure from the subjects, though most studies have
excluded the possibility of the subjects receiving mercury therapeutically.
Comparison of the data in Tables 1 and 2 shows that our patient had higher
mercury concentrations in his kidneys and brain, and lower liver levels, than
the mean ‘normal’ values. As individual values are available from the first
three groups in Table 2, it is possible to derive frequency distribution curves
for liver and kidneys from group 1 data and an integrated frequency
distribution curve for the CNS based on data from all three sets of data.
When mercury had been estimated in more than one region of the CNS the
mean was used,

The derived frequency distribution curve for liver indicates that 0-04 to
0-06 ppm is at the lower end of the population values since only 15% of the
individuals fall below 0-05 ppm, while 58% lie above 0-10 ppm. In contrast to
liver, the 17 or 2:6 ppm renal mercury concentration in our subject is at the
higher end of the curve since only 219, of the population values are above
1:0ppm, 9% above 2-0 ppm and 6%, above 3-0 ppm. Concentrations in the brain
reached or exceeded the upper limit of the ‘normal’ population values as only
2% of normal individuals exceeded 1-0ppm while none was greater than
2-0 ppm,

Thus the mercury content of our subject’s brain was undoubtedly high by
comparison with figures from North America. This, taken with the
histochemical evidence, confirmed by X-ray analysis, suggests that most of
the mercury present in the brain had reached the organ in the lipid soluble
and diffusible elemental form and had become oxidized there. This apparently
resulted in extensive subsequent sequestration and storage in lysosomal
dense bodies, and perhaps elsewhere within neurons. Qur case is thus similar
in many ways to the two cases reported by Takahata et al. (1970). These were
mercury miners, exposed for 5 and 10 years respectively, with clinical signs of
mercurialism that continued until they died more than 10 years after
exposure ceased. The Japanese authors also found the mercury content of
nervous tissue was increased in amounts comparable to our case; the greatest
concentrations were in the occipital lobe and the substantia nigra.
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Localization in the occipital lobe is of some interest because of the extremely
high density noted above of small neurons in the occipital region by
comparison with the so-called ‘agranular’ cortex, such as frontal and parietal
regions. However, this propensity for small neurons to accumulate mercury
did not appear to hold true for the cerebellar cortex. We also found
histochemically that substantia nigra neurons appeared to show the greatest
quantities of stainable material by Danscher & Schroeder’s method. The
reason for this is unknown.

From the present findings and those of Takahata et al. (1970), it seems
clear that residual mercury, as detected by the sensitive and specific silver
precipitation technique (Danscher & Schroeder, 1979), is mostly, if not
entirely, confined within lysosomal dense bodies and presumably has
remained sequestered there from shortly after the time of its first entry into
the tissue. It is possible that there has been some slow expulsion of mercury
from neurons to glial cells, and indeed many cells appeared not to contain
any deposits at all. But, in view of the amounts still remaining in other cells
16 years after exposure, any removal of this sequestered material must have
been very slow, and it must be assumed to be securely bound and unlikely to
affect neuronal function adversely. Whether the subsequent mental state of
this individual was in any way related to the mercury in his nerve cells is
impossible to decide, since his mental and psychological state before exposure
was unknown. Only further studies might clarify this important point.

Acknowledgements

We wish to thank Dr S. Cordner and Dr G. N. Volans for allowing us to cite
their post-mortem and chemical findings respectively in this case, and Dr K.
Zilkha and Dr R. B. Wells for allowing us access to the hospital notes and for
permission to publish the clinical details.

References

Bacran R.J., BriL A.B., ScuuLert D., LarseN K., Dyer N., MANSOUR M., SCHAFFNER W.,
HormaN L. & Davigs J. (1974) Utility of placental tissue as an indicator of trace element
exposure to adult and fetus. Environmental Research 8, 64-70

Brigattt L. (1949) Il contenuto in mercurio degli organi di soggetti senza e con precedente
assorbimento mercuriale. Medicina del Lavoro 40, 233-239

DanscHER G. & ScHROEDER H.D. (1979) Histochemical demonstration of mercury-induced
changes in rat neurons. Histochemistry 60, 1-7

Davis L.E., Wanbps J.R., Weiss S.A., Price D.L. & GrLING E.F. (1974) Central nervous system
intoxication from mercurous laxatives. Archives of Neurology (Chicago) 30, 428-431

Dennis C.A.R. & Fenr F. (1975) Mercury levels in whole blood of Saskatchewan residents.
Science of the Total Environment 3, 267-274

Fuirta M. & TARABATAKE E. (1977) Mercury levels in human maternal and neonatal blood,
hair and milk. Bulletin of Environmental Contamination and Toxicology 18, 205-209



452  R.J. Hargreaves et al.

Haxron J., Linpsay D.G., HisLop J.8., SALMON L., DixoN E.J., Evans W.H.., Rem J.R,, Hewrrr
C.J. & JerFries DF. (1979) Duplicate diet study on fishing communities in the United
Kingdom: mercury exposure in a critical group. Environmental Research 18, 351-368

HunTer D. (1969). Diseases of Occupations. 4th edition. Little Brown, Bostqn ]

Macos L. (1980) Factors affecting the neurotoxicity of mercury and mercurials, In Advances in
Neurotoxicology. L. Manzo (ed), pp 17-25 Pergamon Press, Oxford

Macos L, & Crarkson T.W. (1972) Atomic absorption determination of total, inorganic and
organic mercury in blood. JAOAC 55, 966-971

Magos L., Crarkson T.W. & Hupson A.R. (1984) Differences in the effects of selenite and
biological selenium an the chemical form and distribution of mercury after simultaneous
administration of HgCl, and selenium in rats. Journal of Pharmacology & Experimental
Therapeutics 228, 478-483

Morrer NK. & Bopy R.L. (1974) Mercury burden of human autopsy organs and tissues:
flameless atomic absorption spectroscopy. Archives of Environmental Heqlth 29, 18-24

Orzewsks W.A., Priray K.K.S., Gromskr C.A. & Brooy H. (1974) Mercury in the human brain.
Acta Neurologica Scandinavica 50, 581588

Pirkin RM., Banns J.A,, Fioer J.R. & Reynonps W.A. (1976) Mercury in human maternal and
cord blood, placenta and milk. Proceedings of the Society for Experimental Biology &
Medicine 151, 565-567

Smatrt LF. & Brwcastie N.B. (1977) Tissue mercury levels and histological assessment of
brain in deceased residents of Northern Ontario. Ontario Ministry of Labour.

SteN P.C. & Moss W.D. (1974) Mercury in man. Archives of Environmental Health 29, 26-27

Svzukr T., Mivama T. & Karsunuma H. {1971) Comparison of mercury contents in maternal

blood, umbilical cord blood and placental tissues. Bulletin of Environmental
Contamination & Toxicology 5, 502-508

Taxanata N., Havasn H., Waranasze B. & Anso T. (1970) Accumulation of mercury in brains
of two autopsy cases with chronic inorganic mercury poisoning. Folia Psychiatrica et
Neurologica Japonica 24, 59-69

Tevexy L. (1955). Gewerbliche Vergiftungen. Springer-Verlag, Berlin,

Yurawa M., Suzukr-Yasumoro M., Amano K. & Terar M. (1980) Distribution of trace

elements in the human body determined by neutron activation analysis. Archives of
Environmental Health 35, 36-44



	NAN_14_6_001
	NAN_14_6_002
	NAN_14_6_003
	NAN_14_6_004
	NAN_14_6_005
	NAN_14_6_006
	NAN_14_6_007
	NAN_14_6_008
	NAN_14_6_009
	NAN_14_6_010

