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Abstract
Methylmercury (MeHg) has been previously shown to affect neurotransmitter release. Short-term
synaptic plasticity (STP) is primarily related to changes in the probability of neurotransmitter release.
To determine if MeHg affects STP development, we examined STP forms in the visual cortex of rat
following in vivo MeHg exposure. Neonatal rats received 0 (0.9% NaCl), 0.75 or 1.5 mg/kg/day
MeHg subcutaneously for 15 or 30 days beginning on postnatal day 5, after which visual cortical
slices were prepared for field potential recordings. In slices prepared from rats treated with vehicle,
field excitatory postsynaptic potentials (fEPSPs) evoked by paired-pulse stimulation at 20 - 200 ms
inter-stimulus intervals showed a depression (PPD) of the second fEPSP (fEPSP2). PPD was also
seen in slices prepared from rats after 15 day treatment with 0.75 or 1.5 mg/kg/day MeHg. However,
longer duration treatment (30 days) with either dose of MeHg resulted in paired-pulse facilitation
(PPF) of fEPSP2 in the majority of slices examined. PPF remained observable in slices prepared
from animals in which MeHg exposure had been terminated for 30 days after completion of the initial
30 day MeHg treatment, whereas slices from control animals still showed PPD. MeHg did not cause
any frequency- or region-preferential effect on STP. Manipulations of [Ca2+]e or application of the
GABAA receptor antagonist bicuculline could alter the strength and polarity of MeHg-induced
changes in STP. Thus, these data suggest that low level postnatal MeHg exposure interferes with the
developmental transformation of STP in the visual cortex, which is a long-lasting effect.
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Introduction
One of the most conspicuous and consistent neurological signs seen in humans and animals
following acute and chronic exposure to methylmercury (MeHg), a prominent environmental
neurotoxicant, is visual functional deficits (Hunter and Russell, 1954; Takeuchi et al., 1959;
Tokuomi and Okajima, 1961; Bakir et al., 1973; Rustam and Hamdi, 1974; Chang, 1980;
Mukuno et al., 1981; Merigan et al., 1983; Rice and Gilbert, 1982, 1990; Eto, 1997; Clarkson
et al., 2003; Burbacher et al., 2005; Ekino et al., 2007). These are characterized by concentric
constriction of the visual fields and reduced visual acuity. Neuropathological evidence suggests
that these disorders are primarily central in origin and caused by the region-selective lesions
in the visual cortex of the cerebrum. However, the exact mechanisms underlying the MeHg-
induced visual functional deficits remain poorly understood.

Although region-selective neuropathlogical lesions in the visual cortex appear to be responsible
for MeHg-induced irreversible concentric constriction of the visual fields, it does not
necessarily mean that the pathological changes are the initial causes of MeHg-induced visual
functional deficits. In fact, evidence indicates that some of the visual functional disturbances
such as reduced visual acuity and impaired spatial contrast sensitivity occurred in the absence
of or preceding pathological changes in the visual cortex in animals (Mattson et al. 1981; Rice
and Gilbert, 1982, 1990; Burbacher et al., 2005) and humans with MeHg poisoning (Mukuno
et al., 1981). Furthermore, some of the visual deficits demonstrated in patients (Bakir et al.,
1973; Rustam and Hamdi, 1974, Korogi et al., 1994) and animals with MeHg poisoning (Berlin
et al., 1975; Merigan et al., 1983) were reversible. Therefore, it is possible that the visual
functional disturbances, particularly at low level MeHg exposure, are initially the result of a
temporary disruption of neuronal function in the visual system, i.e. disruption by MeHg of
synaptic transmission in the visual cortex. Consistent with this assumption is that children with
prenatal and early childhood exposure to low levels of MeHg via consumption of seafood
showed delayed visual-evoked potentials (Murata et al., 1999). Similarly, rats (Zenick, 1976;
Dyer et al., 1978) and dogs (Mattsson et al., 1981), following exposure to low levels of MeHg,
also demonstrated altered visual-evoked potentials prior to appearance of any overt signs of
neurotoxicity. Thus, it is conceivable that low level MeHg may affect synaptic transmission
in the visual pathway. In other words, effects of MeHg on the visual synaptic function should,
at least in part, contribute to MeHg-induced visual functional deficits. To date, however, no
direct evidence for effects of MeHg on synaptic transmission in the visual cortex has been
demonstrated.

The efficacy of excitatory synaptic transmission between neurons is activity-dependent. When
a presynaptic neuron fires repetitively, the strength or amplitude of postsynaptic responses can
be enhanced (facilitation, augmentation, post-tetanic potentiation) or decreased (depression).
Synaptic facilitation or depression that occurs on a timescale of tens to hundreds of milliseconds
is often referred to short-term synaptic plasticity (STP) (for review, see Thomson, 2000; Zucker
and Regehr, 2002; Blitz et al., 2004; Xu-Friedman and Regehr, 2004). Visual cortical neurons
express both long- and short-term synaptic plasticity (Kirkwood and Bear, 1994; Ramoa and
Sur, 1996; Berardi et al., 2003; Yoshimura et al., 2003; Daw et al., 2004; Jia et al., 2004,
2006) which regulate the strength and dynamics of synaptic transmission in the visual cortex.
In the developing visual cortex, STP is thought to play a critical role in activity-dependent
refinement of synaptic connections, including ocular dominance plasticity during an early
critical period (Rumpel et al., 1998; Reyes and Sakmann, 1999; Fagiolini and Hensch, 2000).
STP is also believed to play a role in specific temporal filtering of excitatory synaptic inputs
(Varela et al., 1997; Abbott et al., 1997; Buonomano, 2000; Fortune and Rose, 2000; Abbott
and Regehr, 2004). Thus, STP provides a mechanism to allow neurons to transmit information
by responding selectively to changes in the spatial and temporal patterns of presynaptic inputs
arriving at synapses.

Dasari and Yuan Page 2

Toxicol Appl Pharmacol. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



STP in the visual cortex is regulated developmentally. During early postnatal development,
STP shifts gradually from predominant short-term facilitation in juvenile visual cortex to
predominant short-term depression in adult visual cortex of rat (Ramoa and Sur, 1996).
Maturation of GABAergic inhibition is thought to be involved in the developmental
transformation of STP in the visual cortex (Ramoa and Sur, 1996; Jia et al., 2004).
Theoretically, any factor that interferes with this developmental transformation of STP could
potentially alter the STP forms in the visual cortex and thus affect the visual synaptic function.
MeHg has been previously shown to disrupt central synaptic transmission in brain slices in
vitro (Yuan and Atchison, 1993, 1995, 1997, 1999, 2003 and 2007). More relevantly, MeHg
has also been shown to affect preferentially GABAergic systems in vivo (Shaw et al., 1975;
O’Kusky, 1985) and in vitro (Yuan and Atchison, 1997). Therefore, it is possible that early
postnatal MeHg exposure interferes with the developmental transformation of STP in the visual
cortex. As a first step in testing this, the present study was designed specifically to examine if
early postnatal exposure of animals to MeHg in vivo alters STP in the visual cortex.
Specifically, we sought to determine: 1) if MeHg exposure in vivo interferes with the maturation
of STP in the primary visual cortex; 2) if effects of MeHg on STP demonstrate any region-
selectivity (anterior versus posterior visual cortex), and 3) if intracellular Ca2+ homeostasis
and GABAergic inhibitory systems are involved in MeHg-induced changes in STP in the visual
cortex. Using extracellular microelectrode recording technique in acutely isolated visual
cortical slices of rat, we showed that postnatal exposure of animals to low levels of MeHg in
vivo reversed the developmental form of STP from prominent paired-pulse depression (PPD)
to paired-pulse facilitation (PPF) in layer II/III neurons of the visual cortex of rat, and this
change was long-lasting. Our results suggest that early postnatal exposure of animals to low
levels of MeHg interferes with developmental changes in STP in the visual cortex of rat.

Materials and Methods
Chemicals and Solutions

Methylmercury chloride (MeHg) was obtained from ICN Biomedical Inc. (Costa Mesa, CA).
It was dissolved in physiological saline to the final concentration of 4 mg/ml as a stock solution.
Solutions for sc injection were diluted from the stock solution with 0.9% NaCl based on the
principle of equal volume injection per kg of body weight. 6-Cyano-7-nitroquinoxaline-2,3-
dione (CNQX), amino-5-phosphonopentanoic acid (APV), (-)-bicuculline methiodide and
tetradotoxin (TTX) were all purchased from Sigma Chemical Co. (St Louis, MO).

Brain “slicing” solution contained (in mM): 125 NaCl; 2.5 KCl; 4 MgCl2; 1.25 KH2PO4; 26
NaHCO3; 1 CaCl2 and 20 D-glucose, pH 7.35-7.4 at room temperature when saturated with
95% O2 -5% CO2.

Artificial cerebrospinal fluid (ACSF) contained (in mM): 125 NaCl; 2.5 KCl; 1 MgCl2; 1.25
KH2PO4; 26 NaHCO3; 2 CaCl2 and 25 D-glucose; pH 7.35-7.4 when saturated with 95% O2
-5% CO2. In experiments involving use of low Ca2+-containing ACSF, the standard 2 mM
Ca2+ in ACSF was replaced by equimolar or 4 mM Mg2+, whereas in experiments in which a
higher external Ca2+ concentration ([Ca2+]e) was used, extra Ca2+ was added to ACSF to reach
a final Ca2+ concentration of 5 mM.

Animals and Treatment
All animal handling procedures complied with the National Institutes of Health of the USA
guidelines on animal care and use and were approved by Michigan State University
Institutional Animal Use and Care Committee. Male Sprague-Dawley rat pups of postnatal day
4 (PND4) along with mother rats were purchased from Charles River Laboratories
(Wilmington, MA). Animals were provided with water and food ad libitum with 12:12 light/
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dark cycle. 72 rat pups at age PND5 from 12 litters were randomly assigned to three groups:
control (0.9% NaCl), 0.75 and 1.5 mg/kg/day MeHg. The MeHg dosages were chosen based
on previous literature (Kakita et al., 2000; Shigematsu et al., 2000; Sakamoto et al., 2004) in
which the selected doses for the present study did not induce any significant pathological
alterations in the visual cortex. Physiological saline or MeHg was injected subcutaneously (sc)
beginning at PND5 and continued for 15 (PND20) or 30 consecutive days (PND35),
respectively (Figure 1A). During exposure, the body weight, general health and behavior of
animals were monitored daily. After completion of 15 or 30 day injections, 8 rats from each
group were sacrificed for brain slice preparations. The remaining 8 rats of each group were
kept for an additional 30 days without any further treatment. These rats were euthanized at 60
days and brain slices were prepared using identical procedures to those for rats at 15 or 30
days. These subgroups were designed specifically to examine if any effect of MeHg on synaptic
transmission is reversible after an extra 30 days of tissue “clearance” of MeHg.

Pre- and postnatal stress including postnatal handling, neonatal maternal separation and
environmental changes can induce long-term neurochemical and neurobehavioral effects
(Vallée et al., 1997, 1999; Huot et al., 2001; Kikusui and Mori, 2009). For the purpose of
control, we also included three age-matched control rats, respectively, for each age subgroup.
The age-matched animals stayed with their mothers until weaning at PND21 and received no
daily handling or injection. At PND20, 35 or 65, these rats were sacrificed and brain slices
were prepared and examined using the same procedures as described above.

Neurodevelopment—General postnatal physical development and behavior of animals
were examined daily. Neurological reflex development of rats was assessed beginning on
PND5 using the method described by Šlamberová et al. (2006), Mesquita et al. (2007) and
Sugawara et al. (2008).

Surface righting reflex: An individual rat pup was placed on its back and the time needed to
turn over and restore its normal prone position was recorded.

Air righting reflex: An individual rat pup was held on its back in mid-air 30 - 40 cm above a
soft surface before being released. The position of rat pup reaching the soft surface was
recorded. The reflex was considered to be achieved when the rat pup landed on the surface
with all four limbs.

Eye opening: The days on which bilateral eye opened were recorded.

Visual cliff avoidance test: Visual cliff avoidance test was performed beginning on PND14
(after rats opened eye) in a home-made clear Perpex box (80 × 80 cm square × 40 cm high,
open-topped) as described by Glynn et al. (2003). Three of the four walls were covered with
black and white checkerboard. Half of the base was also covered with the same pattern of
checkerboard (bench side). The box was placed on a table with the bench side on the table,
while the clear half base (cliff side) was suspended in air over the table edge so that it created
a cliff appearance without an actual drop-off. A similar patterned checkerboard was placed on
the floor underneath the box (80 cm) to emphasize the cliff drop-off. Individual rats were placed
on the bench side in the box and allowed to move freely. The activity of rats in the box was
observed and video taped for 5 min. The latency to and number of individual rats that ventured
over the cliff side was recorded. Occasionally, visual cliff avoidance tests were simply
performed on a table edge as described by Dong et al. (1996).
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Tissue Hg content measurement
Total Hg content in visual cortex was analyzed by Chemical Solution LTD (Mechanicsburg,
PA). In brief, 500 mg brain tissues was digested in 2.5 ml HNO3 and heated in an open graphite
block at 95 ± 5 °C for 30 min. After cooling to room temperature, the sample ash was re-
dissolved in 2 ml H2O2 and heated again at 95 ± 5 °C for 15 min. The digested sample was
finally dissolved in 25 ml deionized water. Total Hg content in samples was then analyzed
using Inductively Coupled Plasma-Mass Spectrometers. The detection limit was set at 0.02
ppm.

Preparation of visual cortical slices
At PND20, 35 or 65, after completion of designed durations for injections or “clearance”, the
rat brains were quickly isolated after decapitation and bisected sagittally. One side was frozen
immediately for later total Hg measurement or molecular biology experiments. The other side
was used for brain slice preparation. Thick coronal visual cortical slices (350 - 400 μm) were
prepared in ice-cold, oxygenated “slicing” solution saturated with 95% O2 /5% CO2 using
procedures modified from those described by Kirkwood and Bear (1994). A brain tissue block
containing the visual cortex portion was glued onto the tissue pedestal of an NVMSL1
motorized advanced Slicer (World Precision Instruments, Inc. Sarasota, FL) with cyanocrylate
glue. After removing the first 400 - 600 μm from the occipital pole, the tissue block between
atlas 45 and 35 transverse levels (Swanson, 1998) was transected transversely to produce 5 -
8 coronal slices. Slices were then transferred to a home-made holding chamber containing
ACSF (see Solutions) aerated continuously with 95% O2 /5% CO2, and incubated at room
temperature of 22-25 °C for at least 60 min before electrophysiological recording. The slices
in the approximate range of atlas 43 - 45 levels were considered as the posterior visual cortical
slices, whereas slices in the approximate range of atlas 35 - 37 levels were considered as the
anterior visual cortical slices in the present study.

Extracellular recordings of field potentials
One slice was transferred to a recording chamber and mechanically fixed using a “U” shape
anchor made of a platinum wire frame with nylon mesh. The slice was superfused (2 - 4 ml/
min) continuously with ACSF by gravity. The laminar structure of the primary visual cortex
(V1 region) in slices was visually identified under low power (4 x) magnification of an upright
microscope. The field potentials were recorded from layer II/III neurons using a glass electrode
with resistance of 2 - 7 MΩ when filled with ACSF and evoked by a broken-tip glass stimulating
electrode in layer IV. Isolated stimuli were generated from a Grass S88 stimulator (Grass, Inc,
Quincy, MA) at a frequency of 0.2 Hz, 0.1 ms duration and varied voltages that caused 50 -
60% of maximum amplitude of responses. The stimulating electrode had an impedance of 1 -
4 MΩ when filled with ACSF. Consistent with previous reports (Varela et al., 1997), the field
potentials of layer II/III neurons in the primary visual cortex evoked by single pulse stimulation
of layer IV neurons usually consist of two components as shown in Figure 1B-C. Short-term
synaptic plasticity (STP) was examined by using a paired-pulse stimulation paradigm with
pulse-pulse or inter-stimulus intervals (ISIs) varying from 20 to 200 ms without changing
stimulation intensity. Figure 1D and E show two representative recordings of paired-pulse
evoked responses in layer II/III neurons. Each recording consists of two fEPSPs (fEPSP1 and
fEPSP2) that were activated by consecutive and identical stimulus pulses at 50 ms ISI. If the
ratio of fEPSP2/fEPSP1 was less than 1 (Figure 1D), the paired-pulse evoked response was
defined as paired-pulse depression (PPD). In contrast, if the ratio of fEPSP2/fEPSP1 was larger
than 1 (Figure 1E), then the paired-pulse evoked response would be defined as paired-pulse
facilitation (PPF). Recordings were made primarily in the posterior visual cortical slices.
However, for examining any potential regional-specific differential effect of MeHg on visual
synaptic function, similar recordings were made in the anterior slices. The shapes of field
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potentials, particularly the antidromic component, recorded from layer II/III neurons by
stimulating layer IV neurons usually vary somewhat depending on the ages of animals, the
region of the visual cortex and the relative positions of stimulating and recording electrode. In
general, the antidromically-evoked responses (Anti-PS) appear larger in slices prepared from
younger animals such as PND10-20 and from the anterior regions of the visual cortex compared
with those of adults and posterior visual cortical slices. Data acquisition was as described in
Yuan and Atchison (1993). Field potential signals from recording electrodes were amplified
using a Model 3000 AC/DC differential amplifier (A-M Systems, Inc., Carlsborg, WA) and
filtered at 5 kHz with a 4-pole low-pass Bessel filter and digitized at 10 - 20 kHz for later off-
line analysis using pClamp 9.0 program (Axon Instruments, Union City, CA). All experiments
were carried out at room temperature of 22 - 25 °C.

Statistical analysis
Data were analyzed statistically using Student’s t test or one-way analysis of variance
(ANOVA) for MeHg dose- or time-dependent measures, unless otherwise specified. Dunnett’s
procedure was used for post hoc comparisons (Tukey-Kramer multiple comparison test). In
the case of testing statistical significance of MeHg-induced PPF change, Fisher’s exact test
was used. Values were considered statistically significant at p ≤ 0.05. The data are presented
as mean ± standard deviation (SD). Multiple recordings were routinely made from one or
several slices from any given animal, but the values were then averaged and counted as sample
# (n) = 1. Each experiment was replicated in a minimum of five animals; the actual number of
replicates for each experiment is listed in the corresponding figure legend.

Results
Low level MeHg exposure did not significantly affect the rate of body weight gain and general
behaviors

There was no significant difference in the rate of body weight gain of rats among the three
groups during MeHg treatments and “clearance”. The average body weights for control, 0.75
and 1.5 mg/kg/day MeHg groups were 50.2 ± 6.6, 50.5 ± 5.5 and 48.4 ± 5.4 g at PND20 (p >
0.05, n = 24), 145.4 ± 11.9, 144.0 ± 11.4 and 135.8 ± 11.7 g at PND35 (p > 0.05, n = 16), and
373.2 ± 31.9, 378.2 ± 18.14 and 347.9 ± 14.9 g at PND65 (p > 0.05, n = 8), respectively.

MeHg did not appear to cause any overt abnormal physical and behavioral changes. Surface-
and air-righting reflex tests revealed no difference among control and MeHg-treated animals.
All animals opened both eyes around PND14 and no difference could be identified between
control and MeHg-treated animals. Hair growth and gloss showed no difference between
control and MeHg-treated animals. Cliff avoidance tests also revealed no significant difference
between control and MeHg-exposed animals. No apparent MeHg exposure-related hindlimb
crossing was observed during MeHg injections and the designed extra 30 days of MeHg
“clearance”. Thus, MeHg exposure did not appear to cause any significant effect on the rate
of body weight gain, general physical development and behavior under the present
experimental conditions.

Total Hg contents in the visual cortex were MeHg exposure level-dependent
At the time of completion of 15 or 30 days of injections or 30 day injection plus an extra 30
days of MeHg “clearance”, animals were sacrificed and total Hg content in brain tissues
(primarily the visual cortex) was analyzed. The data are summarized in Table 1. As shown in
table 1, animals with exposure to 0.75 or 1.5 mg/kg/day MeHg for 15 or 30 days showed a
higher total Hg content in the visual cortex in a dose- dependent manner compared with the
MeHg-free controls. After 30 days of MeHg “clearance”, however, the tissue total Hg content
decreased dramatically. The differences among the three groups at the designed time points
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are statistically significant (p < 0.05). Thus, the total Hg contents in the visual cortex increased
in a MeHg exposure dose-dependent manner.

MeHg reversed the developmental course of STP in the visual cortical slices of rat
One previous study has shown that STP in the visual cortex of rat underwent a transformational
change from predominant PPF to predominant PPD during the first few postnatal weeks
(Ramoa and Sur, 1996). To test the possibility that MeHg interferes with this developmental
transition of STP forms, we examined changes in paired-pulse evoked synaptic responses in
layer II/III neurons of V1 region in the posterior visual cortical slices following early postnatal
MeHg exposure. In agreement with previous findings (Ramoa and Sur, 1996; Jia et al., 2004,
2006), all recordings in slices prepared from control animals that were given 0.9% NaCl for
15 (PND20) or 30 days (PND35) showed PPD (Figure 2). The mean ratios of fEPSP2/fEPSP1
at 50 ms ISI were 0.75 ± 0.11 and 0.75 ± 0.09 (n = 6 - 8), respectively. Consistently, recordings
in slices prepared from age-matched rats at PND20, 35 and 65 all showed PPD responses (data
not shown), suggesting that daily handling of animals under our experimental conditions did
not induce any developmental change in STP in the visual cortex. All recordings in slices
prepared from rats exposed to 0.75 mg/kg/day MeHg for 15 days also showed PPD. Whereas
most recordings in slices prepared from rats exposed to 1.5 mg/kg/day MeHg for 15 days
showed PPD, recordings from one animal showed PPF. The mean fEPSP2/fEPSP1 ratios were
0.73 ± 0.12 and 0.79 ± 0.34 (n = 5 - 6), respectively, for 15 day treatments with 0.75 and 1.5
mg/kg/day. However, all recordings in slices prepared from rats that were exposed either to
0.75 or 1.5 mg/kg/day MeHg for 30 days showed PPF. The average fEPSP2/fEPSP1 ratios
were 2.19 ± 1.07 and 1.32 ± 0.09 (n = 6 - 8), respectively. Qualitatively, the changes in STP
forms (PPD vs PPF) between control and MeHg-treated animals are statistically significant (p
< 0.01, Fisher’s exact test). Quantitatively, however, the statistically significant differences in
the fEPSP2/fEPSP1 ratios are seen only between control and low MeHg dose groups (p < 0.05,
ANOVA), not between control and high MeHg dose groups (Figure 3). Interestingly, PPF
remained observable in slices prepared from rats even after termination of MeHg exposure for
30 days following completion of the 30 days of consecutive injections of 0.75 or 1.5 mg/kg/
day MeHg, whereas slices prepared from control animals still showed PPD. The average
fEPSP2/fEPSP1 ratios were 0.86 ± 0.11, 1.70 ± 0.54 and 1.47 ± 0.26 (n = 5 - 6), respectively,
for control, 0.75 and 1.5 mg/kg/day groups at PND65. Thus, these data suggest that in vivo
MeHg exposure interfered with the developmental transition of STP forms in the visual cortex
and this effect is long-lasting.

Both PPD and PPF are frequency- or inter-pulse interval-dependent. To determine if MeHg-
induced changes in STP are also affected by ISI, we next examined paired-pulse synaptic
responses evoked at varied ISIs. As shown in Figure 4 are three representative recordings in
slices prepared from animals that were injected with 0.9% NaCl, 0.75 or 1.5 mg/kg/day MeHg
for 30 consecutive days, respectively. As expected, in the range of 20 - 200 ms ISIs, all paired-
pulse responses in slices prepared from control animals were PPD in nature and reducing the
ISI from 200 to 20 ms tended to strength the PPD interactions (Figure 4. Note: for simplicity,
the responses evoked by 200 ms ISI are not shown in Figure 4). In contrast, recordings in slices
prepared from rats that were exposed to 0.75 or 1.5 mg/kg/day MeHg for 30 days demonstrated
increased PPF interactions (Figure 4). A similar pattern was seen in PND65 rats (data not
shown). These data suggest that the MeHg-induced PPF remained frequency-dependent.
Interestingly, the mean fEPSP2/fEPSP1 ratios at different ISIs were all greater at 0.75 mg/kg/
day MeHg than those at 1.5 mg/kg/day MeHg at both PND35 and 65 although the differences
between the two doses are not statistically significant (p > 0.05, data not shown).
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MeHg did not appear to affect STP in the anterior and posterior visual cortical slices
differentially

Pathological studies have previously demonstrated that MeHg-induced neuropathological
lesions in the visual cortex are region-selective (Hunter and Russell, 1954, Takeuchi et al.,
1959, 1962; Eto, 1997; Eto et al., 2001, 2002). To test whether the effect of MeHg on synaptic
function such as STP is also region-preferential, we next examined changes in paired-pulse
evoked synaptic responses in the anterior visual cortical slices. In general, paired-pulse evoked
synaptic responses recorded in the anterior slices were similar to those observed in the posterior
slices prepared from control and MeHg-treated animals i.e., PPD in control slices and PPF in
MeHg-treated slices (data not shown). However, recordings from the anterior slices showed
some variability and inconsistency. Although the majority of recordings from the anterior slices
prepared from control animals demonstrated PPD, occasionally, a few recordings (1/12 and
2/17 recordings in slices prepared from 7 rats at PND20 or PND35, respectively) actually
showed PPF. On the other hand, PPD were also exhibited in 5/17 and 1/12 recordings in the
anterior slices prepared from 0.75 mg/kg/day MeHg-treated rats (8 rats) at both PND35 and
PND65 and in 4/14 recordings in slices prepared from 1.5 mg/kg/day MeHg-treated rats (6
rats) at PND65, respectively. No PPD was seen in slices prepared from rats treated with 1.5
mg/kg/day at PND35. Compared with those values obtained from the posterior visual cortical
slices shown in Figure 2, the mean fEPS2/fEPS1 ratios obtained from anterior slices are not
statistically significantly different from those in posterior slices (p > 0.05). Thus, these data
suggest that MeHg does not appear to cause a region-preferential effect on STP in the primary
visual cortex of rat

MeHg-induced change in STP in the visual cortex is extracellular Ca2+ concentration-
dependent

STP is generally attributed to alterations of release of transmitter presynaptically. Since this
process depends on presynaptic Ca2+ entry, an alteration of extracellular Ca2+ concentration
([Ca2+]e) will be expected to result in a change in the polarity and strength of STP. Thus, the
next series of experiments was designed specifically to determine the sensitivity of MeHg-
induced PPF to changes in [Ca2+]e. Figure 5 shows two representative recordings in slices
prepared from control and MeHg-treated rats, respectively. In controls, reducing the external
solution from the standard 2 mM Ca2+-containing ACSF to a low Ca2+-containing ACSF (see
Solutions) not only decreased the amplitudes of both fEPSP1 and fEPSP2, but also converted
STP from PPD into a PPF-like response, due to a more significant reduction of amplitude of
fEPSP1 than that of fEPSP2 (Figure 5A). Eventually, both fEPSP1 and fEPSP2 disappeared
completely (data not shown in Figure 5A). However, these changes were reversible because
re-incubation of slices with standard ACSF completely restored the PPD. In contrast, in slices
prepared from MeHg-treated animals, reducing [Ca2+]e only decreased the amplitudes of
paired-pulse evoked synaptic responses, but did not change the PPF form (Figure 5B). On the
contrary, increasing [Ca2+]e from 2 mM to 5 mM not only strengthened PPD in slices prepared
from control animals (Figure 6A), but also switched PPF to PPD in slices prepared from MeHg-
treated animals (Figure 6B). Thus, these data suggest that MeHg-induced PPF was possibly a
result of presynaptic functional plasticity that is extracellular Ca2+ entry-dependent.

MeHg-induced changes in STP could be associated with changes in GABAergic function
MeHg affects both glutamatergic and GABAergic synaptic transmission (Yuan and Atchison,
1997, 2007), but, GABAergic systems appear to be more sensitive to MeHg than are
glutamatergic neurons (Shaw et al., 1975; O’Kusky, 1985; Yuan and Atchison, 1997).
Therefore, it is possible that MeHg-induced PPF could be associated with effects of MeHg on
GABAergic system because GABA is involved in developmental changes in STP in the visual
cortex (Ramao and Sur, 1996; Jia et al., 2004). Thus, the goal of next experiment was to
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determine if GABAA receptor-mediated synaptic inhibition is involved in MeHg-induced PPF.
Theoretically, if MeHg-induced PPF is due to suppression by MeHg of GABAergic inhibitory
responses, application of the GABAA receptor antagonist bicuculline should further enhance
MeHg-induced PPF or eliminate PPF depending on whether or not bicuculline preferentially
affects the second stimulus pulse-evoked GABAergic inhibitory responses. First, we examined
effects of 10 μM bicuculline on STP in slices prepared from control animals. Figure 7
demonstrates two representative recordings in slices prepared from control and MeHg-treated
rats, respectively. In the control (Left), PPD was clearly seen at 50 ms ISI when this slice was
incubated in standard ACSF. Application of 10 μM bicuculline for 1 - 3 min initially increased
amplitude of both fEPSP1 and fEPS2, but the increase was more prominent in fEPSP2 than
fEPSP1. Therefore, the STP form was switched from PPD to PPF (Bic 1 - 3 min). Prolonged
bicuculline treatment over 5 min usually induced a giant and long depolarization response
following the first stimulus-evoked response. This giant response always masked the second
stimulus-evoked responses - fEPSP2 (data not shown). All these changes were fully recovered
after washing the slice with standard ACSF for 10 - 30 min as shown in Figure 7. This pattern
of change was consistently seen in all 9 slices prepared from 6 control animals. In contrast, the
representative slice prepared from a rat treated with 0.75 mg/kg/day for 30 days plus 30 days
of MeHg “clearance” showed a clear PPF response (Right, ACSF), bicuculline also initially
enhanced amplitudes of all components of paired-pulse responses including anti-PS and both
fEPSP1 and fEPSP2 (Right, Bic 1 min). However, compared with the response prior to
bicuculline treatment, the percentage of increase in fEPSP2 was relatively smaller than that in
fEPSP1, which thus actually decreased the fEPSP2/fEPSP1 ratio from 4.1 prior to bicuculline
treatment to 1.4 after the first min of bicuculline application in this case. This result suggests
that a portion of GABAergic inhibition must have been lost in MeHg-treated slices prior to
bicuclline treatment. Continuous bicuculline treatment also caused a prolonged, giant
depolarization with multiple spikes superimposing on it during the first stimulus pulse (Right,
Bic 3 min), which can be clear seen with an ISI at 100 ms (100 ms ISI). At the same time, the
MeHg-induced PPF became a PPD-like response, which is possibly due to falling of the second
stimulus into the giant, prolonged depolarization (the absolute or relative action potential
refractory period). Again, this change has been consistently seen in all slices tested (n = 4).
Similarly, all changes were reversible with washout of bicuculline (data not shown). Thus,
these data suggest that GABAA receptor-mediated inhibitory synaptic responses are involved
in STP in the visual cortex of rat and effects of MeHg on GABAA receptor-mediated synaptic
response might partially contribute to MeHg-induced changes in STP.

Discussion
The main finding of the present study is that MeHg reversed the course of developmental
transition of STP form in layer II/III neurons of the primary visual cortex of rat. Unlike the
normal postnatal developmental course in which the STP form in the visual cortex of rat is
switched gradually from PPF in juvenile to PPD in young adult rats, the STP forms in the visual
cortex of young adult rats were reversed to PPF instead of PPD following MeHg exposure.
This change remained observable even after MeHg exposure had been terminated for 30 days.
In addition, the MeHg-induced PPF appeared to be sensitive to changes in [Ca2+]e: reducing
or increasing [Ca2+]e could reverse the polarity and strength of MeHg-induced changes in STP.
In addition, block of GABAA receptor by its antagonist bicuculline also changed the polarity
of STP. To the best of our knowledge, this is the first evidence that early postnatal MeHg
exposure interferes with the developmental changes in STP in the visual cortex.

In the present study, we did not see a significant change in body weight gain or overt signs of
neurological disorders in rats following MeHg exposure. However, because only insensitive
methods were used for examining potential effects of MeHg on general physical development
and behavior of animals in this study, the current results do not rule out the possibility that
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MeHg may induce subtle abnormal changes in neurodevelopment and neurobehaviors at these
exposure levels. In fact, studies conducted by Newland’s group (Rasmussen and Newland,
2001; Day et al., 2005; Reed et al., 2006; Paletz et al., 2007) have consistently shown that
exposure of rats to low levels of MeHg during gestation and lactation induced neurobehavioral
changes although MeHg did not affect food or water consumption, litter size and body weight
gain of rats at those doses (Newland and Reile, 1999). Comparing with the rat brain Hg contents
measured in those studies, which are 0.5 - 10 ppm at birth (PND0) and 0.04 - 0.5 ppm at weaning
(PND21), respectively (Newland and Reile, 1999), the brain Hg contents in the present study
are within the range of brain Hg contents that induced behavioral changes. Therefore, more
sensitive methods should be used in the future study in order to monitor the effects of low level
MeHg exposure on neurodevelopment.

Ramoa and Sur (1996) have previously shown that STP development in the visual cortex of
rat was age-dependent. Using intracellular recordings in neurons in visual cortical slices of rat,
they showed that PPF was present in about half of the neurons tested in PND5 - 10 rats, whereas
the remaining neurons studied at these ages did not show any paired-pulse interactions.
However, the proportion of neurons displaying PPF decreased progressively in an age-
dependent manner, whereas the proportion of neurons displaying PPD increased gradually
as animals became more mature. After the first postnatal month, about 50% of the neurons
tested demonstrated PPD, whereas PPF was rarely seen. Consistently, using field potential
recording technique in vivo, Jia et al. (2004, 2006) also showed that PPD was prominent in the
visual cortex of rats at PND20, 30 and >60 and the strength of PPD increased in an age-
dependent manner. In agreement with those findings, our recordings from control rats including
the age-matched controls at PND20, 35 and 65 almost all expressed PPD, whereas PPF was
rarely seen. Thus, our data further confirm that the primary form of STP, at least at layer IV-
II/III synapses, in the primary visual cortex of normal mature rats was PPD.

However, the STP form in the visual cortex of rat was altered following MeHg exposure in
vivo during the early postnatal development. Although almost all recordings in slices prepared
from MeHg-treated rats at either dose for 15 days showed PPD, all recordings in slices prepared
from rats receiving MeHg treatment for 30 days demonstrated PPF. These results suggest that
postnatal MeHg exposure affects STP in the primary visual cortex and this effect is MeHg
exposure time-dependent. Surprisingly, the fEPSP2/fEPSP1 ratios evoked by 50 ms and all
other ISIs in slices prepared from rats receiving injection of 0.75 mg/kg/day MeHg for 30 days
were slightly larger than those from rats receiving injections of 1.5 mg/kg/day MeHg for the
same duration of exposure. But, the differences between the two doses are not statistically
significant (p > 0.05). Therefore, no clear dose-dependent effect of MeHg on STP in the visual
cortex was observed in the present study. However, further confirmation with a wider range
of MeHg exposure doses, more time points and lager sample size may be needed in order to
determine the dose-dependent effect of MeHg on STP in the visual cortex.

One interesting observation in the present study is that MeHg-induced PPF in the visual cortex
remained observable even after MeHg exposure had been terminated for 30 days and total Hg
contents in tissue had decreased significantly. Clearly, these results suggest that the effect of
MeHg on STP in the primary visual cortex was long-lasting. The mechanisms responsible for
this long-lasting effect remain to be determined. The exchangeable nature of MeHg-induced
PPF by manipulation of [Ca2+]e (Figure 5 and 6) suggests that the MeHg-induced PPF should
be a result of functional change, perhaps a long-term change in the process of transmitter
release. However, possible involvement of postsynaptic factors could not be ruled out
completely because postsynaptic factors are known to contribute to STP (Rumpel et al.,
1998;Xu-Friedman and Regehr, 2004). It has been previously shown that prenatal exposure of
animals to 5 mg/kg/day during days 6 to 9 of gestation caused striking dendritic spine
abnormalities in the offspring brains, which consisted of a reduction of stubby and mushroom-
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shaped spines and a predominance of long, thin and tortuous spines. In addition, the number
of spines was greater and the diameter of the main apical dendrites was reduced (Stoltenburg-
Didinger and Markwort, 1990). Similarly, neonatal exposure of rats to 5 mg/kg/day MeHg for
17 - 20 days induced significant changes in synaptic connections and number and morphology
of dendritic spines of neurons in the visual cortex (O’Kusky, 1985). Such severe alterations of
the postsynaptic microstructures might not occur under our experimental conditions, but subtle
changes in synaptic circuits, dendritic spines, postsynaptic receptor density or sensitivity could
still be possible. If it occurs, it may explain why the MeHg-induced change in STP is long-
lasting. Clearly, further investigation with longer durations for MeHg “clearance” may be
necessary to determine if this effect is reversible.

Frequency- or use-dependence is a general property of STP including both PPD and PPF.
Consistent with this property, both PPD from the control rats and PPF from MeHg-treated rats
in our study remained frequency-dependent. Moreover, MeHg did not appear to cause any
special effect on PPF at a preferential frequency or ISI. Thus, these data suggest that MeHg
does not alter the synaptic functional property that is responsible for generation of frequency-
dependent STP in the visual cortex of rat.

One of the most striking features of MeHg poisoning in humans and animals is the region- or
layer-selective neuropathological lesions in the CNS (Hunter and Russell, 1954, Takeuchi et
al., 1959, 1962; Shaw et al., 1975; Merigan et al., 1983; O’Kusky, 1985; Wakabayashi et al.,
1995; Eto et al., 2001, 2002). In the present study, our results did not suggest any region-
selective effect of MeHg on STP. The lack of region-selective effects of MeHg on STP could
be due to differences in brain anatomy between rodents and human or nonhuman primates or
age-dependent differential responses of animals to MeHg exposure. Region-specific
pathological changes are usually seen in adult brains, whereas a more diffuse pathological
change is often seen in young brains following MeHg exposure (Takeuchi et al., 1959; Chang,
1977; Eto, 1997).

STP is generally considered to be due to changes in the probability for transmitter release from
presynaptic terminals (for review, see Thomson, 2000; Zucker and Regehr, 2002; Xu-Friedman
and Regehr, 2004). One important theory about PPF is the “residual Ca2+ hypothesis”:
facilitation is caused by residual Ca2+ remaining in the presynaptic terminals after the
conditioning stimulus. In the case of paired-pulse stimulation, extracellular Ca2+ enters nerve
terminals through voltage-gated Ca2+ channels during the first action potential. At shorter ISIs,
some residual Ca2+ will remain in the nerve terminals when the second action potential arrives.
This will result in the summation of the “residual Ca2+” and the Ca2+ that entered during the
second impulse leading to enhanced probability for transmitter release and facilitation of the
second synaptic response. Thus, STP is [Ca2+]e-dependent because altering [Ca2+]e affects
Ca2+ influx and the probability of transmitter release (for review see Thomson, 2000; Zucker
and Regehr, 2002; Xu-Friedman and Regehr, 2004). The question is how MeHg exposure
induces PPF in the visual cortex. One of the most consistent effects of MeHg in vitro is
disruption of Ca2+ homeostasis regulation leading to an increase in [Ca2+]i in cells (Hare et
al., 1993; Hare and Atchison, 1995a, b; Marty and Atchison, 1997, 1998; Limke and Atchison,
2002; Limke et al., 2003; Edwards et al., 2005; Yuan and Atchison, 2007). MeHg does this by
inducing release of Ca2+ from intracellular stores and influx of extracellular Ca2+ 1(Hare et
al., 1993; Hare and Atchison, 1995a, b; Marty and Atchison, 1997, 1998; Limke and Atchison,
2002; Limke et al., 2003, 2004; Edwards et al., 2005). In addition, MeHg also appears to inhibit
Ca2+ uptake by mitochondria (Levesque and Atchison, 1991), which could presumably slow
down Ca2+ removal from nerve terminals. Therefore, one possible mechanism underlying
MeHg-induced PPF is that MeHg-induced increase in [Ca2+]i plus decrease in Ca2+ removal
somehow facilitates accumulation of more residual Ca2+ in nerve terminals, which leads to
increased transmitter release and subsequent PPF.
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The probability for neurotransmitter release is a key factor in determining the polarity of STP
(Thomson, 2000; Zucker and Regehr, 2002; Xu-Friedman and Regehr, 2004). Synapses with
high release probability usually display PPD because the readily releasable pool of vesicles is
significantly depleted after the first action potential, whereas synapses with low release
probability usually demonstrate PPF because depletion of readily releasable pool of vesicles
is minimal after the first action potential. However, the release probability itself is in turn
affected by [Ca2+]i in nerve terminals. Any change in [Ca2+]i or [Ca2+]e is expected to change
the probability for transmitter release and thus STP polarity. Consistently, incubation of control
slices in low [Ca2+]e-containing ACSF not only reduced the baseline transmission (amplitudes
of fEPSP1 and fEPSP2), but also relieved the depression and converted the paired pulse
responses from PPD to PPF. This conversion was possibly due to decreased probability for
neurotransmitter release at synapses in a low [Ca2+]e environment. As described above,
synapses with low release probability then displayed PPF. Similarly, lowering [Ca2+]e reduced
amplitudes of both fEPSP1 and fEPSP2 recorded in MeHg-treated slices and led to decreased
probability for transmitter release. However, the reduced release probability would not further
change the STP that was already in PPF form in MeHg-treated slices. In contrast, elevation of
[Ca2+]e not only enhanced the strength of PPD in control slices, but also converted PPF into
PPD in MeHg-treated slices. These changes could be due to increased extracellular Ca2+ entry
by elevation of [Ca2+]e leading to higher release probability, which in turn caused rapid
depletion of readily releasable pool of vesicles after the first stimulus and thus PPD. Therefore,
these data suggest that MeHg-induced PPF in the visual cortex should still be attributed to a
functional change in the process of presynaptic transmitter release.

The maturation of GABAergic inhibition has been implicated to play a role in the
developmental switch of STP from PPF to PPD in the visual cortex during early postnatal life,
because development of PPD was temporally correlated closely with the maturation of
GABAergic inhibition (Ramoa and Sur, 1996). Furthermore, application of GABAB receptor
antagonist 2-hydroxy-saclofen partially and reversibly reduced PPD in mature cortical neurons
(Ramoa and Sur, 1996). Application of the GABAA receptor antagonist bicuculline also
significantly reduced PPD in an age-dependent manner in rat visual cortex (Jia et al., 2004).
These results suggest that both GABAA and GABAB receptors are involved in PPD
development in the visual cortex of rat. Interestingly, application of bicuculline not only
reduced PPD, but also sometimes transformed PPD into PPF in brain slices isolated from
temporal lobe epileptic patients (Uruno et al., 1995). Consistent with those observations, our
data showed that bicuculline almost always initially switched the STP from PPD to PPF in
control slices. Thus, these data again confirm that GABAA receptor plays a role in PPD
generation in the visual cortex.

The question is how effect of MeHg on GABAergic inhibition could be linked to MeHg-
induced PPF. Since GABAergic neurons, particular the aspinous or sparsely-spinous
GABAergic interneurons in the visual cortex, are highly sensitive to MeHg-induced
degeneration (Shaw et al., 1975; O’Kusky, 1985 O’Kusky and Mcgeer, 1985; O’Kusky et al.,
1988), it is possible that a preferential effect of low level MeHg on GABAergic neuronal
function, causes a reduction of GABA release and disinhibition of glutamatergic excitatory
synaptic responses pre- and postsynaptically, may contribute to MeHg-induced PPF.
Presynaptic disinhibition of GABAB receptor inhibition would cause membrane depolarization
and increased Ca2+ entry and glutamate release from nerve terminals; postsynaptic
disinhibition of inhibitory actions of GABAA and/or GABAB receptors would further increase
postsynaptic responses. Both actions plus MeHg-induced increase in [Ca2+]i could thus result
in PPF. However, further investigation of the effect of MeHg on GABAergic interneurons and
its role in MeHg-induced changes in STP is needed.
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STP has been proposed to be involved in a number of important functions including specific
temporal filtering of synaptic inputs and transforming temporal information into spatial code
during early postnatal development (Varela et al., 1997; Abbott et al., 1997; Rumpel et al.,
1998; Reyes and Sakmann, 1999; Buonomano, 2000; Fagiolini and Hensch, 2000; Fortune and
Rose, 2000; Abbott and Regehr, 2004). In the primary visual cortex, temporal filter properties
are believed to play a critical role in adaptation and gain control, velocity tuning and direction
selectivity (for review, see Abbott and Regehr, 2004). Therefore, it has been suggested that
short-term synaptic depression may underlie the mechanism of contrast adaption (Chance et
al., 1998). Theoretically, any manipulation that affects STP in the visual cortex may potentially
cause deficits in temporal processing in the visual cortical synapses. Thus, it is possible that
effects of MeHg on developmental maturation of STP in the visual cortex interfere with
temporal and spatial visual functions. Consistent with this assumption, it has been previously
shown that pre- and postnatal exposure of monkeys to low levels of MeHg induced deficits in
spatial and temporal visual function (Rice and Gilbert, 1982, 1990; Burbacher et al., 2005). In
addition, patients with adult or prenatal MeHg exposure also showed impaired spatial contrast
sensitivity (Mukuno et al., 1981). However, whether or not MeHg-induced deficits in temporal
and spatial contrast visual function are directly associated with the effects of MeHg on STP in
the visual cortex remains to be determined.

In conclusion, this study provides the first evidence that early postnatal exposure to low levels
of MeHg altered the developmental form of STP in the primary visual cortex, which was a
long-lasting effect. No region-preferential effect of MeHg on STP was observed in the present
study. Multiple mechanisms including effects of MeHg on [Ca2+]i homeostasis and
GABAergic systems are likely involved in the effects of MeHg on STP. Given the importance
of STP in the establishment and modulation of synaptic connections and function of neurons
in the visual cortex during the early postnatal development, the effects of MeHg on STP in the
visual cortex might potentially be associated with MeHg-induced visual functional deficits
following pre- or early postnatal exposure to low levels of MeHg.
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Figure 1.
Schematic illustration of the procedure for in vivo MeHg treatment and representative
demonstration of field potentials recorded in layer II/III neurons of visual cortical slices of rat.
(A) MeHg exposure procedure: rats began to receive subcutaneous injections (sc) of 0.9% NaCl
or 0.75 or 1.5 mg/kg/day MeHg at PND5 and continued for 15 (PND20) or 30 (PND35)
consecutive days, respectively. At PND20 or 35, 8 rats from each group were sacrificed for
brain slice preparations, respectively. The remaining 8 rats of each group were kept for an extra
30 days without any further treatment after completion of the 30 day injections (Clearance).
At PND65, these animals were also sacrificed for brain slice preparations. (B) A representative
field excitatory postsynaptic potential (fEPSP) was recorded from layer II/III neurons by a
single-pulse stimulation of layer IV neurons of a visual cortical slice of rat. Following the
stimulation artifact (S) are two downward components. The first one is a population spike
corresponding to compound action potentials activated by antidromic stimulation of axons of
layer II/III neurons (Anti-PS), which is TTX-sensitive. The second one is the glutamatergic
fEPSP that is mediated by orthodromic stimulation of presynaptic fibers. (C) A representative
recording from another visual cortical slice demonstrates sensitivity of fEPSPs to the AMPA
receptor antagonist CNQX and NMDA receptor antagonist APV. In this case, the Anti-PS
component was smaller relative to the fEPSP component before CNQX and APV treatment
(Control, black trace). Application of 10 μM CNQX plus 50 μM APV blocked the fEPSP but
not the Anti-PS (Grey trace). (D) Paired-pulse responses in a slice prepared from a control
animal with 30 day injection of 0.9% NaCl demonstrated paired-pulse depression (PPD). Note:
the second stimulus-evoked fEPSPs (fEPSP2) was smaller than the first stimulus-evoked
fEPSP (fEPSP1) although the two Anti-PSs were virtually identical. (E) paired-pulse responses
in a slice prepared from a rat receiving injections of 1.5 mg/kg/day MeHg for 30 days
demonstrated paired-pulse facilitation (PPF). The fEPSP2 was larger than fEPSP1 although
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the two Anti-PSs were similar. All recordings were made from the posterior visual cortical
slices. The same is true for all the rest of figures unless specified.
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Figure 2.
MeHg altered the developmental form of short-term synaptic plasticity (STP) in the visual
cortex of rat in a MeHg exposure time-dependent manner. Representative recordings of paired-
pulse responses in slices prepared from rats treated with 0.9% NaCl (Top), 0.75 (Middle) and
1.5 mg/kg/day MeHg (Bottom), respectively, for 15 or 30 days or 30 days injections plus extra
30 days of “clearance”(total 60 days). Each trace is a representative example of 6 - 8 individual
experiments.
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Figure 3.
Comparison of effects of MeHg on fEPSP2/fEPSP1 ratios. Data shown are the ratios of
fEPSP2/fEPSP1 evoked by paired-pulse stimulation at 50 ms inter-pulse interval. Each value
is the mean ± SD of 5 - 8 animals. The asterisk indicates a value significantly different than
control (p < 0.05).
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Figure 4.
MeHg-induced PPF in visual cortical slices remained frequency-dependent. Representative
recordings of paired-pulse responses in slices prepared from rats with sc injection of 0.9%
NaCl (A), 0.75 (B) and 1.5 mg/kg/day MeHg (C), respectively, for 30 days. Paired-pulse
responses were evoked by varying stimulus inter-pulse intervals (ISIs) from 100 - 20 ms (from
top to bottom in each panel). Each trace is representative of 4 - 5 individual experiments.
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Figure 5.
Reducing extracellular Ca2+ concentrations changed the STP form in control slices but not
MeHg-exposed slices. (A) A slice prepared from a rat with injections of 0.9% NaCl for 30 days
showed a typical PPD response. Data are shown at selected time points when the slice was
incubated in the standard 2 mM Ca2+-containing ACSF (ACSF), in a low Ca2+-containing
solution for 1 or 2 min (Low Ca2+ 1 or 2 min), and in standard ACSF again for 10 min (ACSF
10 min). (B) Under the similar recording conditions as described for A, the slice prepared from
a rat with injections of 0.75 mg/kg/day MeHg for 30 days demonstrated a typical PPF when
incubated in the standard ACSF. Similarly, data are shown at selected time points when the
slice was incubated in the standard ACSF (ACSF), in a low Ca2+-containing solution for
2 or 4 min (Low Ca2+ 2 or 4 min), and in standard ACSF again for 10 min (ACSF 10 min).
Each trace is representative of 6 - 7 individual experiments.
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Figure 6.
Elevating extracellular Ca2+ concentrations changed the STP forms in both control and MeHg-
exposed slices. (A) In the standard ACSF, the slice prepared from a rat with injections of 0.9%
NaCl for 60 days showed a typical PPD response. Data are shown at selected time points when
the slice was incubated in the standard ACSF (ACSF), in a 5 mM Ca2+-containing solution
for 1 or 2 min (5 mM Ca2+ 1 or 2 min), and in standard ACSF again for 10 min (ACSF 10
min). (B) A representative slice prepared from a rat with injections of 0.75 mg/kg/day MeHg
for 60 days demonstrated a typical PPF when incubated in the standard ACSF. Data are shown
at selected time points when the slice was incubated in the standard ACSF (ACSF), in a 5
mM Ca2+-containing solution for 5 or 10 min (5 mM Ca2+ 5 or 10 min), and finally in standard
ACSF again for 10 min (ACSF 10 min). Each trace is representative of 6 - 7 individual
experiments.
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Figure 7.
The GABAA receptor antagonist bicuculline altered the pattern of paired-pulse interactions in
control and MeHg-treated slices. (Left) Time course of effect of bicuculline on PPD response
in a representative slice prepared from a PND35 control rat. Data are shown before (ACSF)
and at selected time points after 10 μM bicuclline (Bic) treatment or washing with bicuculline-
free ACSF. In this case, all paired-pulse responses were evoked at 50 ms IPI. (Right) Paired-
pulse responses were recorded in a representative slice prepared from a PND65 rat after
completion of 30 day injections of 0.75 mg/kg/day MeHg from PND5 to PND35. Data are
shown before (ACSF) and at selected time points after bicuculline treatment. All responses
shown were evoked by paired-pulse stimulation at 50 ms ISI, except at 3 min bicuclline
treatment, response is evoked by 100 ms ISIs were also shown. Each trace is a representative
of 5 - 8 individual experiments.
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Table 1
Total Hg contents in rat visual cortex following MeHg treatment

MeHg (mg/kg/day) 15 Days (μg/g) 30 Days (μg/g) 60 Days (μg/g)*

Control <0.02*** <0.02 <0.02

0.75 0.70 ± 0.31** 0.86 ± 0.46** 0.08 ± 0.03**

1.5 1.19 ± 0.79** 1.87 ± 0.87** 0.18 ± 0.06**

*
Rats were injected sc with 0.9% (Control) or 0.75 or 1.5 mg/kg/day MeHg for 15 or 30 consecutive days or 30 days plus another 30 days clearance (60

days) at the time when the tissue samples were collected.

**
Differences are statistically significant among three groups (p < 0.05), but no statistical difference was seen between 0.75 and 1.5 mg/kg/day groups at

15 days. Values are Mean ± SD (n = 4 - 8).

***
The samples were measured at a detection limit of 0.02 μg/g.
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