Effects of methylmercury chloride on rat incisor
odontoblasts and dentinogenesis
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Methylmercury chloride, a well-known nerve cell toxicant, was administered to 40 rats in 2
groups, in doses of 10 mg/kg and 20 mg/kg. Histomorphologic investigation of maxillary
incisors after 2 and 4 days revealed granular and hydropic changes in parts of the odonto-
blastema. Deposition of interglobular dentin was seen after 7 and 11 days. The most vulnerable
cells seemed to be the mantle dentin-producing odontoblasts, and the alterations found are
probably due to interference with the rough endoplasmic reticulum. O Endoplasmic reticulum;
interglobular dentin; mantle dentin; morphology
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The interference of some cytotoxic agents
with the morphology and function of rat
incisor odontoblasts has previously been
described (1-10). The effects seen comprise
alteration of cell shape, arrested mitoses,
necrosis, and modified cellular function
manifested as diminished or irregular dentin
deposition. All the agents hitherto used,
however, have a special affinity for the
dividing cell.

Organomercurial compounds such as
alkyl- and methyl-mercury have been widely
used in agriculture as fungicidal seed dress-
ing, by the paper industry to prevent slime
formation, and as catalysts in chemical pro-
cesses (11-13). The toxicity of organomer-
curials has been well documented, both by
accidental poisoning in man and in experi-
mental animal models. In man, sensory and
motoric dysfunction including paresthesia,
constriction of the visual field, impairment
of fine coordination, and ataxia have been
described (11-14). Similar neurological dis-
turbances are found after administration of
organomercurial compounds in the rat, rab-
bit, mink, and cat (15-18). Histomorpho-
logically, the earliest signs of experimental
intoxication are dispersion of rough endo-
plasmic reticulum in neurons (19), followed
by diminished protein synthesis in the same

cells (20). Later, degenerative and necrotic
changes are seen, especially in primary sen-
sory ganglion cells and in Purkinje and gran-
ule cells of the cerebellum (15, 18).

The purpose of the present study was to
identify possible effects of methylmercury
chloride on rat incisor odontoblast and den-
tin deposition, in order to elucidate further
the applicability of the rat incisor as a toxi-
cologic test organ.

Materials and methods

Fifty-two female Wistar rats with a mean
weight of 194 g were divided into two experi-
mental groups consisting of 20 animals each;
12 animals served as controls. The experi-
mental animals received a single injection of
methylmercury chloride dissolved in 5 mM
Na,CO,, pH adjusted to 7.4, in the tail vein
under ether anesthesia. The doses given
were 10 mg/kg and 20 mg/kg in groups I and
11, respectively. The injected volume was
1.0 ml/200 g. The control animals received
the equivalent volume of pure diluting
solution.

Five animals from each experimental
group and three animals from the control
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group were decapitated under ether anes-
thesia after 2, 4, 7, and 11 days. The heads
were divided by a median incision, and the
maxillae were freed from soft tissue and
immediately fixed in 4% aqueous formal-
dehyde. After fixation, the specimens were
demineralized in an aqueous solution pre-
pared from equal amounts of 44% formic
acid and 20% sodium citrate and embedded
in paraffin. Sixty to ninety 5-um-thick
longitudinal sections were cut from each
maxillary right incisor and stained with
hematoxylin—eosin. The sections were inves-
tigated by light microscopy.

Results

Two days after administration of methyl-
mercury chloride changes were observed in
the mantle dentin-producing odontoblasts
(Fig. 1). In group I (10 mg/kg) the cells were
slightly elongated and granular, with signs
of intracellular edema. The highest dose
(20 mg/kg) produced marked swelling and
hydropic changes of the same cells (Fig. 2).
After 4 days the odontoblastema of animals
in group I appeared as in controls. In group
11 an area of pale, granular and swollen
odontoblasts was seen incisally to the mantle
dentin-producing cells (Figs. 1 and 3). In
neither group were dentinal alterations
found.
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After 7 and 11 days both dentin and odon-
toblasts in group 1 animals appeared as in
the controls. However, a zone of irregular,
globularly mineralized dentin was seen pul-
pally to the normal dentin in the group Il
animals. An incremental line separated the
irregularly and normally mineralized dentin
(Fig. 4). The localization of the irregular
dentin at 7 days was incisal to the areas of
changes observed after 4 days and was even
more incisal 11 days after injection (Fig. 1).
The odontoblasts appeared as in the controls
(Fig. 4).

No animals exhibited clinical symptoms of
methylmercury intoxication.

Discussion

With the doses applied, methylmercury
chloride produced altered morphology of the
mantle dentin-producing odontoblasts. This
was the only dearrangement caused by the
lowest dose (10 mg/kg) and was seen after
2 days. In group II similar changes were
observed after 2 days, whereas after 4 days
the changes were located in more incisally
positioned odontoblasts. In the nerve cells
of rats dosed with methylmercury chloride
(7.5 mg/kg/day), ribosomes were lost from
the  rough  endoplasmic  reticulum,
accompanied by the accumulation of dis-
persed granular material. These early

Fig. 1. Schematic

presentation of the
maxillary rat incisor
and the localization of
the lesions in the

odontoblasts after 2

days (2d) and 4 days

(4d) and the in dentin

(D) after 7 days (7d)

and 11 days (11d).

A AIE = acid-insoluble
enamel; ASE = acid-
soluble enamel:

D = dentin; P = pulp;
I = incisally;
A = apically.
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Fig. 2. The mantle dentin-producing odontoblast 2 days after injection of methylmercury chloride in doses of
10 mg/kg (2a), 20 mg/kg (2b), and of diluting solution (controls) (2c). Slightly elongated, granular and swollen
odontoblasts (O) in 2a and marked hydrophic changes of odontoblasts (OQ) in 2b. P = pulp cells; A = apically;
arrows pointing at mantle dentin. The star indicates an artefact. (Hematoxylin and eosin; x800.)

Fig. 3. Marked
hydropic changes in
pale and granular
odontoblasts (O) 4
days after injection of
methylmercury chloride
in a dose of 20 mg/kg
(3a), compared with
controls (3b).

PD = predentin;

P = pulp cells;

A = apically.
{Hematoxylin and
eosin; x800.)
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Fig. 4. lrregular mineralized dentin (ID) in longitudinal sections from rats decapitated 7 days after administration
of methylmercury chloride (20 mg/kg) (4a) compared with normal dentin (D) in contro! animals (4b).
[L. = incremental line; PD = predentin; O = odontoblasts; A = apically. (Hematoxylin and eosin: x195.)

changes were seen after 2 days of adminis-
tration and are believed to be reversible (19).
The mantle dentin-producing odontoblasts
are nondividing and metabolically highly
active cells (21, 22), thus resembling nerve
cells. The marked transitory granular
appearance of these odontoblasts might
indicate degranulation of rough endoplas-
mic reticulum, followed by a resynthesis of
these organelles.

Hydropic alterations are also seen in rat
incisor odontoblast after administration of
vincristine but are regarded as unspecific (9).
However, swelling of kidney tubule cells
and of neurons is reported as specific after
methylmercury intoxication (16, 18) and is
probably due to breakdown of cytoplasmic
proteins (23).

After 7 and 11 days irregular mineralized
dentin was found in group II animals.
Assuming an unimpaired growth of the
incisors-——that is, about 2.1 mm/week
(24)—this lesion corresponded to the dear-
rangement seen in the mantle dentin-pro-
ducing odontoblasts after 2 days (Fig. 1).
The histomorphologically normal deposited
predentin that later mineralized globularly
(interglobular dentin) reflects alteration in
the mineralization process (25). According
to the epitactic nucleation theory of miner-
alization, a specific (macro)molecule should

be present in the predentin to initiate cal-
cification (26). The suggested transitory
dearrangements of rough endoplasmic
reticulum might well cause alterations in the
composition of secreted protein matrix, lead-
ing to inferior mineralization. The incre-
mental line preceding the interglobular den-
tin is often seen and is caused by transitory
interference with the dentinal apparatus
(27).

In conclusion, methylmercury chloride
seems to attack young, mantle dentin-
producing odontoblasts, as manifested by
altered morphology of these cells and later
by formation of interglobular dentin. The
mechanism of action is probably an inter-
ference with rough endoplasmic reticulum,
leading to disturbances in the mineralization
process. The effect, however, was less pro-
nounced than after the administration of
microtubuli-disrupting agents (28).
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