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Mivra, K., HimexNo, 8., Komg, N. and ImUura, N, Effects of Methylmercury
and Inorganic Mercury on the Growth of Nerve Fibers in Cultured Chick Dorsal
Root Ganglia. Tohoku J. Exp. Med., 2000, 192 (3), 195-210 —— Inhibition of the
growth of nerve fibers by mercurials was quantitatively estimated by measuring
the length of fibers in the cultured chick dorsal root ganglion. Morphological
changes in nonneuronal cells were also evaluated. The growth rates of nerve fibers
were constant for 2 to 6 days after the start of incubation. Methylmercury
depressed nerve fiber growth dose- and time-dependently by 509, and completely
at 3> 107° M and 7x 10 % M, respectively. About 10-fold higher concentrations of
inorganic mercury were required for the same extent of inhibition. The nerve
fibers exposed to inorganic mercury shrank at an early stage of exposure and
thereafter grew again within 24 hours. Electron microscopic examination
revealed that methylmercury decreased microtubule mass extensively in nerve
fibers, while inorganic mercury markedly altered surface membrane structure.
These results suggested that microtubule disruption is involved in methylmercury-
induced depression of nerve fibers but not in that induced by inorganic mercury.
Characteristic effects on the growth of nerve fibers and the proliferation of nonneur-
onal cells were observed on the treatment with other metals such as cadmium, silver
and chromium. Thus, dorsal root ganglion culture seems to be useful for the
evaluation of toxic effects of metals in vitro. ———— dorsal root ganglion; nerve
fiber growth; methylmercury; inorganic mercury; microtubule (€ 2000 Tohoku
University Medical Press

Mercuric compounds have been shown to contribute to environmental pollu-
tion. A large number of studies have been published on the difference in
pathogenicity between organic and inorganic mercury (WHO 1976). Methylmer-
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cury poisoning is characterized by neurological disturbances (WHO 1990), where-
as the toxicity of inorganic mercury is primarily directed to the kidney (Ganote
et al. 1975; Naganuma and Imura 1984; WHO 1991). The difference in path-
ogenicity of these two mercurials has been ascribed mainly to their organ distribu-
tion. The major part of inorganic mercury administered to animals is deposited
in the kidney, leading to nephrotoxicity. However, methylmercury is distributed
to various organs, but it exerts toxic effects selectively on the brain. The
mechanisms underlying the different toxicity between these two mercurials are not
fully understood. Using cultured mammalian cells, several investigators reported
that alkylmercuric compounds including methylmercury were more toxic than
inorganic mercury with regard to inhibitory effects on cell proliferation (Umeda et
al. 1969; Nakazawa et al. 1975; Miura and Imura 1987; Miura 2000). It has been
shown that methylmercury depressed cell proliferation by specifically disrupting
microtubules that compose mitotic spindles (Sakai 1975; Miura et al. 1978; Sager
1988), whereas inorganic mercury inhibited cell proliferation through the damages
to various cell organelles (Miura et al. 1979). These observations indicate that
different modes of action are concerned in cell proliferation inhibition with
methylmercury and inorganic mercury.

On the other hand, neuronal cells differentiate at an early stage of develop-
ment and do not proliferate thereafter. Methylmercury also damages the
differentiated nervous system selectively in children and adults (WHO 1976,
1990). However, mechanisms underlying methylmercury or inorganic mercury
toxicity on differentiated neuronal cells are poorly understood.

We attempted to evaluate toxic effects of mercurials at the cellular level by
measuring nerve fiber growth using cultured dorsal root ganglia excised from 8
day-old chick embryos. The results obtained here show that methylmercury 1s
more toxic than inorganic mercury with regard to nerve fiber growth. Methylmer-
cury decreased the overall microtubule mass in the fiber, whereas inorganic
mercury exhibited more severe damage in membrane structures than in mi-
crotubules.

MaTERIALS AND METHODS
Reagents

Methylmercuric chloride (CH;HgCl), mercuric chloride (HgCl,), cadmium
chloride (CdCl,), silver nitrate (AgNO,) and potassium chromate (K,CrO,) were
purchased from Wako Pure Chemical Industries, Litd. (Tokyo). [?°*Hg] HgCl,
and [?***Hg| CH;HgCl were obtained from the Radiochemical Center
(Buckinghamshire, UK). Fetal bovine serum (FBS; Gibco BRL, Bethesda, MD,
USA), equine serum (Hyclone Laboratories, Inc. Logen, UT, USA) and Eagle’s
minimal essential medium (EMEM, Nissu1 Pharmaceutical Co., Ltd., Tokyo) were
purchased from Wako Pure Chemical Industries Ltd. (Tokyo). Nerve growth
factor (NGF, 2.58 subunits) from adult mouse submandibular glands and collagen
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(Type I) from rat tail were obtained from Sigma Chemical Co. (St. Louis, MO,
USA).

Cell culture

The dorsal root ganglia from 8 day-old chick embryos were excised under a
dissecting microscope and cultured on Petri dishes (35x 10 mm) coated with
reconstituted rat-tail collagen at 37°C in a 59, carbon dioxide and 95%, air
atmosphere. The excised ganglia were cultured in 1 ml of EMEM medium
containing 10%, equine serum, 109, chick embryo extracts (CEE), 1 unit/ml NGF,
0.5%, glucose, 0.025%, glutamine and 0.08%, NaHCO,. The growth of nerve fibers
from the ganglia was absent when NGF and CEE were removed from the medium.
The medium was changed on the 3rd day of incubation. Living cultures of both
experimental and control groups were observed daily with a phase contrast
microscope. Selected cultures were stained using the Bodian staining method for
nervous tissue (Bodian and Mellors 1945).

Quantitative measurement of fiber growth

The ganglia excised from chick embryos were incubated in growth medium
for 48 hours in order to allow the ganglia to attach to the dish and start growing.
The length of nerve fibers at 8 points of each radial outgrowth was measured as
(a) xm as shown in Fig. 1C under a phase contrast microscope equipped with
micrometer. After the measurement, the medium was replaced with fresh
medium (1 ml) containing various concentrations of chemicals. The length of
fibers at the same 8 points of each ganglion was measured as (b) xm as shown in
Fig. 1D every day for 4 days without medium change. The growth of fibers was
expressed as (b-a) um. Six ganglia were cultured in each dish and 3 or 4 ganglia
in which nerve fibers grew uniformly in each direction, were selected for measur-
ing fiber growth. The density, vacuolization, migrating distance, and the degree
of degeneration of nonneuronal (neuroglia and fibroblast) cells that migrated from
the ganglion were examined microscopically. The extent of damage by chemicals
was scored as follows: —, no effect; +, slight effect; ++, moderate
effect; + + +, severe effect.

Determination of mercury bound to ganglion cultures

The ganglia (5 ganglia/dish) which were cultured for 48 hours in a 3.5 cm
Petr1 dish containing 1ml of growth medium were incubated with labeled
mercury at 37°C for 1 hour. After the incubation, the cells were rinsed three times
with the mercury-free medium, and then suspended in 0.5 ml of Triton X-100
(0.59%, solution). Radioactivities of the suspension were measured with an
Autowell Gamma system (Aloka, Tokyo).
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Fig. 1. Measurement of nerve fiber growth from cultured dorsal root ganglia.
A and B: Nerve fibers growing from ganglion cultured for 2 (A) or 4 days (B),
respectively. C: The length of nerve fibers at 8 points of 2 days-cultured
ganglion was measured as (a) ym (usually about 1000 gm). D: After the
medium was replaced with fresh medium and incubated for additional 1-4
days, the length of fibers at the same 8 points of the same ganglia was
measured as (b) gm. The growth of fibers was expressed as (b-a) gm.

Preparation for electron macroscopy

After the incubation for 24 hours with 5 1076 M or 7x 10-¢ M CH,HgCl, and
3x107*M or 5x10~> M HgCl, or without mercurials, the cultured ganglia were
rinsed three times with serum-supplemented culture medium, and fixed with 1.8%,
glutaraldehyde in 0.1 M sodium cacodylate-HCI buffer (pH 7.4) for 1 hour at room
temperature and at 4°C for 1 hour in 19, OsO, in the same buffer. The fixed
cultured ganglia on plastic sheets were dehydrated with ethanol and embedded in
Epon 812 with the plastic sheets. Sections produced by a Porter Blume (MT2-B)
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ultramicrotome were stained with uranyl acetate and lead citrate and then
examined 1n a Hitachi H-500 electron microscope at 100 k'V.

REsuLTs
Effects of mercurials on nerve fiber growth from dorsal root ganglia

In control non-treated cultures of ganglia, radial outgrowth of nerve fibers
and migrating nonneuronal cells were observed within 24 hours of incubation.
Subsequently, nerve fibers formed an extensive fiber network, and spindle-shaped
nonneuronal migrating cells formed a dense sheet around the ganglion (Figs. 2A
and 2B). Bodian staining confirmed the extension of nerve fibers (Fig. 2C). The
length of nerve fibers in control cultures varied from ganglion to ganglion,
probably due to the difference in the time required for adhesion to the collagen
coated surface of the plates. Once the nerve fibers began sprouting from the
ganglion, however, the rate of nerve fiber growth was constant for 4 days through-
out the experimental period. Therefore, to avoid variations in nerve fiber growth
caused by initial events in explant adhesion, chemicals were added to the medium
48 hours after the start of culture when the growth rates of fibers were in the linear
phase.

Methylmercury inhibited the growth of nerve fibers in a dose-dependent
manner (Fig.3A). Fifty percent growth inhibition was induced by 3x10°¢M
and complete inhibition by 7x107®M methylmercury. On the other hand,
inorganic mercury inhibited nerve fiber growth temporarily within 24 hours after
the treatment (Fig.3B). At 24 hours, the lengths of nerve fibers exposed to
inorganic mercury at the concentrations over 5x 10> M were reduced to less than
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Fig. 2. Photomicrograph of nerve fibers and migrating nonneuronal cells in
control culture.
Dorsal root ganglia were cultured at 37°C for 48 hours. A: Phase contrast
photomicrograph of nerve fibers sprouting out from the dorsal root ganglion
explant (x80). B: Nerve fibers (arrow) and migrating nonneuronal cells
(white arrow) (x 152). C: Networks of nerve fibers stained by the Bodian
staining method (x80). G, ganglion.
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Fig. 3. Effects of methylmercury and inorganic mercury on nerve fiber growth of
dorsal root ganglia.
The length of the nerve fiber sprouting out from the ganglia cultured for 48
hours in the control medium was measured. Then the cultures were incubated
with fresh medium (1 ml) containing mercurials for 4 days without medium
change.
Growth was shown as the increase of fiber length (xm) after replacement of the
medium with fresh one with or without mercury. Each value represents the
mean of 32 measurements. SDs were less than 36 ym.
A: control (@), 1077 (x), 107° (a), 2x10°¢ (m), 3x107% (), B X 10°¢ (+),
Tx107% (0), 107° (o) M CH;Hg". B: control (@), 107¢ (x), 107° (a), 2%
10°° (m), 3x107° (~), 5X107° (+), Tx10°° (<), 107* () M Hg?**.

those observed at the start of exposure (48 hours after the start of culture),
suggesting that the nerve fibers were retracted by inorganic mercury exposure.
However, the growth rates of nerve fibers returned to near the control level after
an additional 24 hours cuture except for the groups exposed to inorganic mercury
at concentrations over 7x107°M. This result apparently indicates a different
mode of action by inorganic mercury on the growth inhibition of nerve fibers
compared with methylmercury.

The effects of inorganic mercury on nerve fiber growth at the initial phase of
exposure were further examined (Fig. 4). When nerve fibers that had grown to
about 1000 g m were treated with inorganic mercury at 7x 10-° M, they apparently
disappeared within 1 hour as shown in Figs. 4A and 4B. However, the fibers
sprouted again thereafter (Fig.4C). In the ganglion exposed to 2x10°°M in-
organic mercury for 2 hours, the nerve fibers did not shrink but almost ceased to
grow for 24 hours, and then started to grow again (Fig. 4A).

In the recovery phase, the growth rates of nerve fibers cultured in the
inorganic mercury-free media were higher than those cultured in inorganic
mercury-containing media at both concentrations of inorganic mercury. These
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Fig. 4. Recovery of nerve fiber growth in the presence or absence of inorganic
mercury.
Dorsal root ganglion explants were cultured for 48 hours in control medium.
Thereafter, the medium was replaced with fresh medium (1 ml) containing
Hg?* (arrow). A: Growth curves of Hg**-treated nerve fibers. control (@),
2% 107> M for 3 days (m), 7x 10> M for 3 days (a), 2x 10~° M for 2 hours, then
control medium for 3 days (), 7x 10 ®* M for 1 hour, then control medium for
3 days (a). Each value represents the mean of 24 measurements. SDs were
less than 19 ym. B and C: Phase contrast photomicrographs of cultured
ganglia exposed to 7x 107> M Hg?*. Dorsal root ganglia were cultured for 48
hours, then incubated with 7x107* M Hg** for 1 hour (B) and 24 hours (C).
(x120).
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Fig. 5. Amounts of mercury bound to dorsal root ganglion cultures incubated in
methylmercury or inorganic mercury for 1 hour.
The ganglia cultured in control medium for 48 hours were incubated with
CH,**HgCl or 2°*HgCl, for 1 hour at 37°C. Radioactivities bound to gan-
glion cultures were determined as described in Materials and Methods. Each
value represents the mean of duplicate measurements. ©, CH,Hg*, o, Hg?*.
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Fig. 6. Electron micrographs of nerve fibers exposed to mercurials for 24 hours at

the growth inhibiting concentrations of nerve fibers.

Dorsal root ganglia cultured for 48 hours were incubated with mercurials for
24 hours. A: Nerve fiber in control ( x 18 125), B: Nerve fiber exposed to 7 x
10-°M CH,Hg* for 24 hours (x 35 960), C and D: Nerve fiber exposed to 5x
10> M Hg®* for 24 hours (x9062), M: mitochondria, Mt: microtubules
(arrows), Nf: neurofilaments (broad arrows), Damaged surface membrane
(arrow-heads).
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results indicate that fiber growth inhibition was caused by at least two events,
Le., retraction of fibers or cessation of growth in the initial phase and depression
of growth rate in the late phase.
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Fig. 7. Electron micrographs of neuronal cell body exposed to methylmercury for
24 hours at the growth inhibiting concentrations of nerve fibers.
Dorsal root ganglia were treated with methylmercury as described in Fig. 6.
A: control ( x6750), B: 7x10-* M CH,Hg* for 24 hours ( x 6750), N: nucleus

Next, the uptake of the two mercurials into the ganglia was examined to
investigate the difference in the inhibitory effects on nerve fiber growth between
methylmercury and inorganic mercury. As shown in Fig. 5, methylmercury was
taken up more readily by cultured ganglia than inorganic mercury. The amount
of 2%Hg incorporated into the ganglia exposed to methylmercury increased
gradually as methylmercury concentration in the medium increased, and was
about 10 times that of inorganic mercury at 107° M. Conversely, the uptake of
203Hg into the ganglia exposed to inorganic mercury increased slowly when the
inorganic mercury concentration was less than 2x107°M. However, a steep
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increase of 2**Hg uptake into ganglia was observed at the concentrations over 2 x
10-°* M of inorganic mercury.

Ultrastructural changes tn nerve fibers exposed to mercurials

Ultrastructural changes in the nerve fibers of ganglia, which were exposed to
growth inhibiting concentrations of methylmercury (7x107°M) or inorganic
mercury (5x107° M) for 24 hours, are presented in Fig. 6. In the control nerve
fiber, numerous microtubules oriented parallel to the axis were observed (Fig. 6A),
while the mass of microtubules decreased markedly in the fiber treated with
methylmercury (Fig. 6B). In this fiber (Fig.6B), a large number of
neurofilaments occupied most part of axoplasm. The nerve fibers treated with
inorganic mercury (Fig. 6C) exhibited irregularly bending structures indicative of
fiber retraction, but microtubules were still observed. Damaged membrane struc-
tures were also observed in the surface areas of nerve fibers (Fig. 6D). On the
other hand, in neuronal cell body morphological changes in cell organelles were
not evident by the treatment with 7x107°* M methylmercury for 24 hours (Fig.
7B).

Effects of other metals on nerve fiber growth

Growth inhibition of nerve fibers by other metal compounds was examined
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Fig. 8. Effects of Cd?>*, Cr®* and Ag* on nerve fiber growth.
Growth of nerve fibers was measured as described in Fig.3. Each value
represents the mean of 24 measurements. SDs were less than 50 g m.
A: control (@), 107 (x),5x107%(2), 107° (©), 5x 1075 (), 10~* (a) M CdClL,.
B: control (@), 107 (x), 5x107° (a), 107* (»), 5x107* (©), 1072 (7) M K,
CrO,. C: control (@), 107% (x), 107° (a), 3x107° (»), 5x107° (0), Tx107°
(0) M AgNO:..
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Fig. 9. Phase contrast photomicrographs of migrating nonneuronal cells from
ganglia exposed to CH;Hg*, Cd** or Cr®*.
Dorsal root ganglia were cultured for 48 hours in control medium and then
incubated with CH,Hg*, Cd** or Cr®* for additional 24-48 hours.
A: Tx107°M CH,Hg" for 24 hours, B: 2x 107> M Cd?* for 48 hours, C: 10-*
M Cr®* for 24 hours. Arrow-heads show nonneuronal cells (x170). A
vacuolated cell 1s enlarged in the inset (x510).

(Fig. 8). Cadmium (Cd?*, Fig. 8A) exhibited a growth inhibitory effect at con-
centrations higher than 5> 10°¢ M, while much higher concentration of Cr®** was
required to exert an inhibitory effect (Fig. 8B). In the case of Ag™, the growth of
nerve fibers was temporarily inhibited within 24 hours, and thereafter it recovered
(Fig. 8C) as in the case of inorganic mercury (Fig. 3B). The patterns of growth
inhibition by Cd?* and Cr®* closely resembled those observed in methylmercury-
treated fibers (Fig. 3A).

Effects of metals on nonneuronal cells migrating from ganglia

The cultured ganglia were exposed to each metal compound for 24 to 48 hours
at fiber-growth inhibitory concentrations, and the morphology of migrating
nonneuronal cells was examined. Approximately 509, of nonneuronal cells
exposed to methylmercury at 7x 10 ¢ M for 24 hours became round, and almost all
cells exhibited vacuolation (Fig. 9A). Nonneuronal cells exposed to 2x 107> M
Cd?* for 48 hours remained intact, although nerve fibers disappeared completely
(Fig. 9B). Contrary to Cd?*"-exposed cells, the nonneuronal cells exposed to Cr®*
at 107* M for 24 hours were injured severely (Fig. 9C), while only 509, inhibition
of nerve fiber growth was observed in the same ganglion (Fig. 8B). Asshown in
Fig. 4B, exposure to inorganic mercury at 7x10™°M for 1 hour damaged the
nonneuronal cells severely, but intact cells appeared again within 24 hours even in
the presence of the same concentration of inorganic mercury.
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Discussion

In the present study, toxic effects of methylmercury and inorganic mercury on
an isolated nervous cell system were investigated using dorsal root ganglia excised
from 8 day-old chick embryos.

A few studies have examined the effects of mercurials on the growth of nerve
fibers in in vitro systems. Using dorsal root ganglia excised from 8-10 day-old
chick embryos, Kasuya (1972) scored the changes (0 to 3) based on both nerve fiber
growth and the morphology of Schwann cells. Nakada et al. (1981) also used
dorsal root ganglia of chick embryos and evaluated the changes (0 to +4) based
on the length of fiber and the density of fiber networks. These holistic and
semi-quantitative evaluations have been useful to determine the effective concen-
trations of mercurials or to compare the effects between each mercuric compounds.
In fact, these experiments demonstrated that methylmercury completely inhibited
the fiber outgrowth at 5x 107% M, while about 10-20 fold higher concentrations of
mercuric chloride were required for similar inhibition (Kasuya 1972; Nakada et
al. 1981).

In order to verify the mechanism underlying neuronal damage by mercurials,
1t 1s necessary to determine the precise dose-response relationship between mercury
concentrations and nerve fiber growth. Therefore, in the present study, the fiber
growth was measured by the quantitative methods as described in Materials and
Methods. Since the nerve fibers grow linearly for 6 days after the start of incuba-
tion of ganglia, the effect of mercurials on nerve fiber growth was determined
during the linear growth period.

By this method, the effects of mercurials primarily on the length of nerve
fiber, i.e., the efficiency of fiber elongation, was evaluated. Methylmercury con-
centrations required for 509, and complete inhibition of nerve fiber growth were
determined to be 310 M and 7x10 %M, respectively. These concentrations
were similar to those required for inhibiting the proliferation of neuronal cells.
We have already reported that the proliferation of mouse neuroblastoma and rat
pheochromocytoma cells (PC12) was depressed by methylmercury at 3-5x 10~ M
(Miura and Clarkson 1993; Miura et al. 1999). These results suggest that a
common cellular event caused by methylmercury may be involved in the depres-
sion of both cell proliferation and nerve fiber growth.

Nerve fibers contain dense arrays of microtubules that are involved in axonal
transport (Baas 1997). In addition, microtubules participate directly in the
growth and maintenance of fibers (Bamburg et al. 1986; Tanaka et al. 1995).
Anti-microtubule drugs, such as colcemid and nocodazole, are known to deplete
the microtubules in axons, thereby leading to the inhibition of axon growth in
various neuronal cells (Bamburg et al. 1986; Yu and Baas 1995).

The disruption of microtubules by methylmercury has been well documented
in cell free systems (Abe et al. 1975; Imura et al. 1980; Miura et al. 1984; Vogel



Mercurials Effect on Nerve Fiber Growth in Cultured Ganglion 207

et al. 1985) and in cultured cells (Miura et al. 1978, 1984; Imura et al. 1980; Sager
et al. 1983). In light of these findings, it was postulated that microtubules in
nerve fibers are a target of methylmercury. In fact, in the present study, the mass
of microtubules decreased in fibers treated with methylmercury at the fiber growth
inhibiting concentration (7x10-% M), although morphology of cell organelles in
neuronal cell bodies was not affected.

As shown in Fig. 3, the rate of fiber growth was inhibited dose-dependently
in a range of methylmercury concentration from 10 to 7x 107¢ M, suggesting that
the disruption of nerve fiber microtubules by methylmercury is the cause of
inhibition of nerve fiber elongation. In support of this notion, a dose-dependent
disruption of microtubules by methylmercury has been observed in both a cell-free
system and cultured cells (Abe et al. 1975; Imura et al. 1980; Sager et al. 1983;
Miura et al. 1984; Vogel et al. 1985).

It has been reported that microtubules in axons are sensitive to methylmer-
cury and its disruption alters fast axonal transport (Abe et al. 1975) and electrical
excitability of axons (Matsumoto and Sakai 1979). In addition to these reports,
the present study indicated that growth inhibition of nerve fibers by methylmer-
cury is also ascribed to microtubule disruption.

Individual microtubule in the axon consists of detyrosinated domains and
newly assembled tyrosinated domains (Baas and Black 1990). Rochlin et al.
(1996) indicated that the tyrosinated domain was easily depleted by the treatment
with anti-microtubule drugs, whereas the detyrosinated domain tended to remain
in the axon after the treatment (Baas and Black 1990). In the present study,
trace levels of microtubules remained in the fibers treated with the growth
inhibitory concentration of methylmercury, as shown in Fig. 6B. The remaining
microtubules might be composed of detyrosinated domain although this is not yet
verified.

Since axons are incapable of locally synthesizing the tubulin subunits that
compose microtubules, tubulins have to be transported down the axon from its site
of synthesis within the cell body of the neuron. We have previously demonstrat-
ed that methylmercury not only depolymerizes microtubules but also inhibits
tubulin synthesis at the growth inhibiting concentration (Miura et al. 1998).
Thus, nerve fiber growth may be extremely susceptible to methylmercury since
such growth strictly depends on microtubule functions.

The mode of action of inorganic mercury on nerve fiber growth appeared to
be quite different from that of methylmercury. This discrepancy between
methylmercury and inorganic mercury is mainly due to the different membrane
permeability of both compounds. The amounts of inorganic mercury incorpo-
rated into cultured ganglia increased abruptly at concentrations higher than 2 x
107° M, suggesting that the membrane barrier function of nerve fibers was des-
troyed by inorganic mercury. In studies using mouse neuroblastoma and glioma
cells we found that inorganic mercury at 2-3x10°°M alters membrane barrier
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function and is then incorporated into the cells (Nakada and Imura 1982; Miura
and Imura 1987).

As shown in Fig. 6, altered membrane structure was observed in nerve fibers
exposed to 5x10°°M inorganic mercury, whereas numerous microtubules were
evident in the same fiber. Thus, the disruption of microtubules may not be the
primary cause of inorganic mercury-induced depression of nerve fiber growth.

Inorganic mercury severely damaged nerve fibers and depressed fiber growth
at concentrations higher than 3x10°M but signs of recovery were apparent
within 24 hours after exposure. The recovery of fiber growth was slightly affected
by mercury concentrations. These results indicated the existence of viable nerve
cells in the inner part of the ganglion. This also means that mercuric chloride
interfered with surface areas directly exposed to the medium.

The patterns of toxic effects on nerve fiber growth and proliferation of
nonneuronal cells differed among the metals examined. Methylmercury was the
most toxic. The efficiency of metals depressing the growth of the nerve fibers as
judged by the complete inhibition at 24 hours exposure was in the order of
CH;Hg" (Tx10°°*M)>Cd**=Ag" (107° M)>Hg?** (3x10° M)>Cr®* (5%
10> M). Methylmercury seems to damage both nerve fiber growth and nonneur-
onal cells. In the case of Cd?*, nerve fiber growth is more vulnerable than cell
proliferation of nonneuronal cells. In contrast, in the case of Cr®", nerve fiber
growth inhibition was clearly preceded by damage to migrating nonneuronal cells.

Thus, it appears that the modes of toxic actions of metals on dorsal root
ganglion cells are different. This culture system seems to be useful for comparing
and characterizing the effects of chemicals on neuronal and nonneuronal cells in
Vitro.
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