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Effects of Phenylmercury Acetate on
Motor Behaviors and Other
Physiological Functions in Mice

Chuen-Lai Liaw" » Wei-Lian Phan” . Chln-Mlng Juang?®,
Ruey-Hseng Lin°

Phenylmercury acetate (PMA) was given by single subcutaneous
(SC) administration in adult male mice at doses of 7.5, 15, 225, and
30 (mg/kg), respectively. The mice were then observed for 21 days.
Rotarod performance and multivariate locomotor behaviors of mice
were tested on the rotarod treadmill and with the Digiscan system at
st day, 2nd day, 3rd day, ist week, 2nd week and 3rd week, re-
spectively. PMA at dose of 30 mg/kg significantly decreased stereo-
typy behaviors (stereotypy time, stereotypy counts, and stereotypy
number). PMA at doses of 225 mg/kg and 30 mg/kg markedly de-
creased rotarod performance and urination on the 1st, 2nd, and 3rd
day after administration of PMA. In addition, PMA was found to
decrease body weight and cause death in mice in a dose-dependent
manner. Since PMA significantly decreased the concentration of
DOPAC in the limbic area and attenuated the potential of integral
electromyograph (IEMG) in rectus femoris muscle in mice, the results
appear to show that PMA decreases the number of stereotypy be-
haviors and that rotarod performance maybe include both central and
peripheral sites. Therefore, we tentatively assumed that the neuro-
toxic sites of PMA include the mesolimbic dopaminergic pathway and
the cholinergic pathways at least.
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Introduction

Mercury occurs as elemental mercury and as
inorganic and organic compounds: mercury va-
por, mercury liquid, mercury salts short-chain
alkylmercury compounds, alkoxyalxlmercury com-
pounds and phenylmercury compounds, all having
different toxicological properties. It is circulated
naturally in the biosphere, 30,000-150,000 tons
being released into the atmosphere by the de-
gassing of the earth’s crust and the oceans. In
addition, 20,000 tons of mercury is released into
the environment each year by such human activ-
ities as the combustion of fossil fuéls and other
forms of industrial release. Yearly, 10,000 tons
of mercury is produced for industrial use, a
" small part of which is used for synthesizing or-
- ganic mercury compounds. From the toxicologi-
cal point of view, inorganic and organic mercury
compounds exhibit differential toxic effects on
various tissues. Because organic mercury can be
degraded into inorganic mercury by singlet oxy-
gen, which is generated from seawater exposed to

¢ 1

sunlight **, and because it can also be reversibly

converted from inorganic mercury as a conse-

quence of microbial metabolism and/or sunlight

[2.3

activity ", the coexistence of both inorganic and

organic mercury compounds can be found in
mercury-polluted environments.
Phenylmercury acetate is a kind of

organomercury compound used widely in agricul-
. . .. A . . 4,5] -
ture in various pesticides and fungicides 31 in

latex paint preservatives 0

1 91

, in contraceptives as

a spermicida , in cosmetics, ophthalmic solu-

tions, shampoos, shoe linings, laundry detergents
and dental amalgams 9 PMA has been re-

ported to cause acrodynia and contact urticaria

[&.11

syndromes in humans and induce genotoxicity

28] However, little research

in mammalian cells
has been done on the effects of PMA exposure

on the locomotor behavior in small laboratory

animals such as mice, whose neurobehavioral
changes can be observed to determine the toxic

1317 Of these changes,

effects of chemicals
motor activity in familiar or unfamiliar sur-
roundings is the most frequently measured vari-
able, becanse of its high sensitivity to toxic haz-
Additionally, the toxic effects of PMA on
other physiological functions in mice have not
been studied in as much detail as they have been

Therefore, in this study be-

ards,

with mercuric salts,
sides observing the effects of PMA on the lo-
comotor behavier in mice, we also investigated
the effects of PMA on their urination, death, and
body weight.

Materials. and Methods

Fifty adult male mice (ICR strain) with a

- body weight of 22 to 26 g were obtained from

the animal center of National Taiwan University,
and provided with a solid diet and tap water ad
libitum. Room temperature was 25 = 1°C, rela-
tive humidity was 55 = 10%, and dark/light
cycles lasted 12 h each (lights on from 07:00~
19:00).

was used to mask extraneous sounds.

A continuous white noise of 50-60 dB
The mice

were divided into five tests groups with 10 mice

each (I control group and 4 PMA treatment

groups). Prior to PMA treatment there. was no
significant statistical difference in body weight or
difference in locomotor behavior among each
group. Phenymercury acetate (PMA), purchaséd
from Merck Co, was dissolved in dimethyl sul-
foxide (DMSO). The 10 mice in each of the 4
PMA treatment groups and control group received
a single subcutaneous injection of 7.5 mg/keg, 15
mg/kg, 22.5 mg/kg, 30 mg/kg PMA, and 0.1%
DMSO, respectively. They were then continu-
ously fed for 3 weeks. The investigations of ro-
tarod performance with some modification as de-
scribed below were carried out according to

(18]

Kuribara et al. ", and observations of multi-
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variate locomotor behavior were done according
to Sanberg et al. )
Rotarod Performance: To test the effect of
PMA on compulsive motor behavior, we used a
rotarod treadmill for mice (Ugo Basile, Ttaly). A
plastic rod, which was 3 ¢m in diameter, 30 cm
long with no slippery surface and 15 cm over the
base, was divided into 5 equal sections by 6
discs, enabling 5 mice to walk on the rod at the
same time. In this study, we only used a rotarod
treadmill speed of 14 rp.m. to measure perfor-
The time each mouse remained on the
At 900 seconds,

all remaining mice were removed. The training

mance.

rod was recorded in seconds.

of the mice for the rotarod test was done the
day before, and animals who performed eon the
rod for mere then 360 sec were used for the
assay.

The test
for the effect of PMA on spontanecus motor

Multivariate locomotor behaviors:

activity (SMA) was conducted by placing the an-
imals in an open field under a 100 watt light.
Total ambulatory distance (cm), horizontal activity
{cm); move time (sec), vertical activity (cm), ver-
tical time (sec), Stereotypy count (cm), and
stereotypy time (sec) were automatically measured
All multi-
variate locomotor behaviors were recorded for a

by the Digiscan system (Omnitech),

3-min period.

HPLC assay of DOPAC: The mice were
treated with PMA (30 mg/kg) and killed by de-
capitation at first day after PMA treatment.
Brains were rapidly excised, the limbic area (in-
cluding tuberculus olfactorium and nucleus ac-
cumbens) was dissected, frozen on dry ice and
kept at -80°C until biochemical assay. The DA
metabolites, DOPAC, were determined in the
striata of one mouse. Tissues were homogenized
with a sonifier in 300 1 of 04 N perchloric
acid and centrifuged. The clear supernatant was
used for the DOPAC assay according to a
method previously described by this laboratory

20, Liquid chromatography with electrochemical

detection waters was used for biochemical de-
terminations =

Integral electromyograph (IEMG) measure-
Tests for the effect of PMA (30 mg/kg)
on [EMG in mice were made as previously de-
scribed ™! The first day after PMA treatment,

the mice were fixed onto the board and two

ment:

needle electrodes were inserted into the rectus
femoris muscle of left hind limb, The distance
of two record electrodes was 0.5 cm. The ref-
erence electrode was inserted into the triceps
muscle of left forelimb. Direct stimulation (30
Volts) to the right hind limb was applied by
pressing a manual switch. The effects of the
PMA on EMG were recorded with a bioelectri-
cal amplifier (San-Ei, Japan) on a computer (Da-
ta-Q). The amount of IEMG voltage of ten
point data moving average were calculated with
Math CAD. '

Body weight, urination (measuring the fre-
quency of urination during the period of observed
locomotor behaviors in mice), death, compulsive
motor behavior, and spontaneous motor behavior
were determined at Ist day, 2nd day, 3rd day, lst
week, 2nd week and 3rd week, respectively. Some
results are expressed a mean = standard error.
Data were compared using one-way test analysis
of variance (ANOVA) followed by Dunnette’s
test or Student’s t test. Values of P < 003 were

regarded as significant.

Results

Phenylmercury compounds and methoxyalky
mercury compounds are among the organic com-
pounds which split rapidly in the body and are
of toxicological importance. Acute poisoning of
these organic mercury compounds is likely to
cause renal failure due to acute necrosis of the
glomerular and/or proximal tubular epithelium,

anuria and uremia then occur, leading to death,
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As shown in Fig. 1, Panel A, both doses of
22,5 mg/kg and 30 mg/kg of PMA decreased
PMA at dose of 30 mg/kg

acutely decreased the urination of mice to 20 %

urination of mice.

of pretreatment measuremeni on the 2nd day.
Although the urination of mice returned 69 % of
pretreatment measurement at lst week after PMA
treatment, urination never completely recover to
pretreatment rates by the end of this study. In
addition, PMA caused death (Fig. 1, Panel C) and
decreased body weight (Fig. 2) in mice in a
dose-dependent manner. In fact, the time of

death most often occurred within the 1st week

after treatment with PMA, which might have

induced acute glomerular injury and acute tubular
necrosis in the mice, causing them to die. The
decrease in body weight caused by PMA lasted
for 3 weeks, and although the body weight of
PMA-treated mice gradually increased during the

3-week observation period, it remained much

lower than that of control group (Fig. 2). As
shown in Fig. 1, Panel B, PMA also decreased
the rotarod performance of mice in a dose-de-
pendent manner. However, both the 22.5 mg/kg
dose and 30 mg/kg dose of PMA markedly de-
creased the rotarod performance of mice from
the 1st day to 3rd day after PMA treatment.
While one recovery in rotarod performance was
observed, it never completely recoveréd by the
end of the experiment.

In our study of multivariate locomotor be-
haviors, which included total distance, move time,
vertical time, vertical activity, stereotypy number,
stereotypy time, and stereotypy counts,r although
a dose of 30 mg/kg decreased all the multivariate
locomotor behaviors (Fig. 3—Fig. 9) through out
the entire experimental time, only the stereotypy
behaviors (stereotypy time, stereotypy number and
stereotypy counts) were significantly decreased by
30 mg/kg PMA (Fig. 7—Fig. 9). The other
dosages (7.5 mg/kg—22.5 mg/kg) of PMA de-
creased all the multivariate locomotor behaviors

initially, but then they were found to increase
over time. However, both the attenuated and po-
tentiated effects of PMA on locomotor behavior
at these doses (= 225 mg/kg) did not show any
significant difference when compared with those
of the control mice at each time of observation.

As shown in Fig. 10, 30 mg/kg of PMA
significantly decreased DOPAC concentrations in
the limbic area and decreased the potential of
IEMG in rectus fernoris muscle as compared with
those of the controls. -

Discussion

Although the use of mercury compounds in
agriculture and in industry has been limited
through legistation in most countries, occupational
and accidental exposure still occurs. Many paint
companies have used PMA as a preservative to
prolong the shelf life of interior latex paint. Un-
fortunately, PMA is released in these paints,
causing acrodynia in children whose homes were
painted with such paints . 1In this study, PMA
was found to decrease the body weight of mice
in a dose-dependent manner, a finding observed

B Tamborini et al.

in rats by other authors
(1989) reported that PMA caused a decrease in
body weight in rats paralleled which a decrease

U1 The decrease

in their daily food consumption
in body weight of the mice in this study might
be due to the same reason. However, wit_h
PMA, we observed PMA caused death of mice
in a dose-dependent manner, while Tamborini et
al. {1989) reported that each rat survived after

treatment U7,

The difference in results might be
accounted for by the use of different species
labortary animals (mice vs. rats) or administrative
method (SC vs. oral).

Phenylmercury acetate is the organic com-
pound, which can split rapidly into inorganic

{23]

mercury in the body, is of toxicological im-

portance, Inorganic mercury has been reported to
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Fig. 1 Effect of phenylmercury acetate (PMA) on rotarod performance, wrination and
death of mice after subcutaneous administration, Panel A, urination: Panel B, ro-
tarod performance; Panel C, death. @ —@: control; V—V: 75 mg/kg PMA:
V-V 15 mg/kg, PMA; O [1: 225 mg/kg PMA; l—M: 30 mg/kg
PMA.
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Fig. 2 Effect of phenylmercury acetate (PMA) on body weight of mice after subcuta-

Fig. 3

neous adminstration. @ —@: control; ¥V —V: 7.5 mg/kg PMA; ¥ —W: 15

mg/kg PMA; [(O—[0: 225 mg/kg PMA; B —M: 30 mg/kg PMA. Data are
presented as mean = SE.

Total distance

100

80
-~
&
b}
£ 60
e
o
Q
|
D
v 40
AL
N
20
0 ] ) 17 yal 1 1 1 1 1 |
0 1 2 3 6 9 12 15 18 21
Time(days)

Effect of phenylmercury acetate (PMA) on total distance of spontaneous move-
ment in mice that was observed by the automated Digiscan Animal Activity
Monitor (Omnitech). @ —@: control, ¥V —V: 7.5 mgfkg PMA; ¥ —V: 15

mgtkg PMA; (0—[1: 225 mg/kg PMA; IE—IR: 30 mp/kg PMA. Data  are
presented as mean £ SE,
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Fig. 4 Effect of phenylmercury acetate (PMA) on movement time of spontaneous
movement in mice that was observed by the automated Digiscan Animal Activity
Monitor (Omnitech). @ —@: contro; ¥V —%: 7.5 mg/kg PMA; V-~ ¥: 15
mg/kg PMA; (0—00: 225 mg/kg PMA; l—B: 30 mg/kg PMA. Data are
presented as mean = SE,
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Fig. 5 Effect of phenylmercury acetate (PMA) on vertical time of spontancous movement
in mice that was observed by the automated Digiscan Animal Activity Menitor
(Omnitech). @ —@: control; V—V: 7.5 mg/kg PMA; ¥ —W: 15 mgke
PMA;: O0—-: 225 mg/kg PMA; - 30 mg/kg PMA. Data are presented
as mean £ SE,



Chuen-Lai Liaw, Wci-Lian‘Phan, Chin-Ming Juang, Ruey-Hseng Lin

vertical activity

120

100

40

% Pretreatment
[o1]
o

20

Time{days)

Fig. 6 Effect of phenylmercury acetate (PMA) on vertical activity of 'spontan?o.us
movement in mice that was observed by the automated Digiscan Animal Activity
Monitor (Omnitech). @ —@: control; V—V: 75 mgfkg PMA; ¥ —V¥: 15
mg/kg PMA; [1—: 225 mgke PMA; l—@: 30 mg/kg PMA. Data are
presented as mean X SE.
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Fig. 7 Effect of phenylmercury acetate (PMA) on stereotypy time of spontaneous
movement in mice that was observed by the automated Digiscan Animal Activity
Monitor (Omnitech). @ —®@: control; V—: 75 mg/kg PMA; ¥ —V¥. 15
mg/kg PMA; C0—[: 225 mg/kg PMA; l—M: 30 mg/kg PMA., Data  are
presented as mean = SE,

*P < 005, significantly different from control at each observing time.
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Fig. 8 Effect of phenylmercury aceiate (PMA) on siereotypy number of spontaneous
movement in mice that was observed by the automated Digiscan Animal Activity
Monitor (Omnitech). @ —@: control; V—V: 7.5 mg/kg PMA; ¥ -V I3
mg/kg PMA; [J—[1: 225 mg/kg PMA; ll— K. 30 mg/kg PMA. Data  are
presented as mean * SE,

* P< 0.05, significantly different from control at each observing time,
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Fig. 9 Effect of phenylmercury acetate (PMA) on stereotypy counis of spontaneous
movement in mice that was observed by the automated Digiscan Animal Activity
Monitor (Omnitech). @ —®@: control; V—V: 7.5 mg/kg PMA; ¥ —V¥:. 15
mgikg PMA; TJ—[1: 225 mg/kg PMA; ll—M: 30 mg/kg PMA. Data are
presented as mean £ SE.

*P < 003, significantly different from control at each observing time.
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Effects of phenylmercury acetate (PMA; 30 mg/kg) on DOPAC concentration in

limbic area (pamel A) and potential of integral electromyograph (IEMG) in rectus

femoris muscle (panel B) in mice at first day after PMA treatments, [

con-

trol; ll: PMA. Data are presented as mean * SE.
*P < 005 as compared with control.

accumulate in the kidney and cause glomerular
injury and/or tubular necrosis. Such renal dys-
function may have caused the decrease in urina-
tion in PMA treated mice in this study. Fur-
thermore, acute metal exposure can induce the
synthesis of metallothionien in a number of tis-

24
sues 4]

and a large proportion of mercury in the
kidney is bound to metallothionein ™, which can
explain the attenuation of PMA-induced renal
toxicity the 3rd day after treatment.

Rats that have been given biIatg:ra] injections
of the chelinergic neurotoxin have shown en-
hanced stercotypy time % Sanberg et al. (1984)
injected rats with 4.0 mg/kg of the dopamine
receptor agonist, d-amphetamine, resulting in in-
cremental increases in stereotypy time 71 Greese
and Inversen (1973) also reported that am-
phetamine enhanced stereotypy time in adult rats
% The adult brain and the fetal brain in
squirrel monkies show a special affinity for
methylmercury, with levels of alkylmercury at
least 3-6 times higher in the brain than in the

blood, with the accumulation of methylmercury in

-the brain giving rise to neuronal damage

[29]

Hrdina et al. (1976), on the other hand, have
reported a decrease in cortical acetylcholine and
serotonin in the brain stem of methyl mercury
poisoned rats (301, Verity et al. (1975) demon-
strated tnat local injection of methylmercury in
the vicinity of the sciatic nerve resulted in total
blockage of axon flow " Studies of the elec-
trical organ of the Torpedo oscillata have shown
that methylmercury with high specificity blocks

B2 Since the loga-

the acetylcholine receptors
rithmic octanol-water partition coefficient (an in-
dicator of lipophilicity) of PMA is higher than
that of methylmercury B3 pmA might be like
methylmercury affecting neurotransmitter concen-
trations in the brain and combining with degen-
erative changes in the central and peripheral
nerves P In this study, we found that PMA
significantly decreased the concentration of
DOPAC in the limbic area and decreased the
potential of IEMG. Accordingly, PMA caused a
decrease in rotarod performance and in stereotypy
behaviors in mice in this study, which may indi-
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cate both central and peripheral site involvement,
we tentatively assume that the neurotoxin sites of
PMA involve at least the mesolimbic dopaminer-
gic pathway and the cholinergic pathway.
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