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ABSTRACT 

    

Elimination of eighth-nerve activity results in the death of 30% of the neurons in 

the chick cochlear nucleus, n. magnocellularis (NM).  One early event in this cell death 

cascade is the disruption of ribosomes in NM neurons, which can be observed within one 

hour following deafferentation.  These rapid changes in ribosomal integrity can be 

visualized using Y10b, a monoclonal antibody that recognizes ribosomal RNA.  Previous 

studies using a brain slice preparation of the avian brain stem auditory system have 

shown that activation of metabotropic glutamate receptors (mGluRs) is necessary for the 

activity-dependent maintenance of ribosomal integrity.  The purpose of the present study 

was to determine if group I and/or II mGluRs are necessary for this activity-dependent 

regulation.  This was accomplished by selectively blocking group I or II receptors while 

unilaterally stimulating the auditory nerve in vitro.  Y10b immunostaining served as the 

marker for ribosomal integrity.  In normal media, unilateral stimulation of the auditory 

nerve resulted in darker Y10b labeling of NM neurons on the stimulated side of the slice.  

The group I antagonist (RS)-1-aminoindan-1,5-dicarboxylic acid (AIDA) and the group II 

antagonists LY341495 and (S)- -ethylglutamic acid  (EGLU) all prevented the activity-

dependent difference in immunolabeling.  These data suggest that both group I and II 

mGluRs play vital roles in the activity-dependent maintenance of ribosomal integrity in 

NM. 
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INTRODUCTION 

 

One of the ways by which afferent activity regulates the development of central 

nervous system (CNS) neurons is by providing trophic support.  For instance, in the 

developing visual system, the survival of tectal neurons depends on the activity-

dependent release of trophic factors from retinotectal axon terminals [6] and in the 

olfactory system, unilateral naris occlusion results in a significant and permanent loss of 

mitral and tufted cells throughout the olfactory bulb [10, 28].  Likewise, loss of auditory 

experience early in development can cause cell death and atrophy, [14, 25, 43, 44] and 

decreased dendritic length [8, 13] in the brain stem auditory neurons.  Although the 

effects of deafferentation on target neurons are commonly observed, in most cases the 

intracellular and intercellular mechanisms that underlie these changes remain unclear. 

 

One useful model system for studying deafferentation-induced changes in the 

CNS is the brain stem auditory system of the chick.  In this system, the ipsilateral 

auditory nerve provides the sole source of excitatory input to the cochlear nucleus, 

nucleus magnocellularis (NM).  Thus, unilateral cochlea removal results in complete loss 

of excitatory input to the ipsilateral NM but leaves the contralateral side unaffected, 

allowing within-subject comparison of NM neurons on the intact side versus the 

deafferented side of the brain. 

 

A variety of changes in NM neurons following deafferentation have been 

documented.  A few days (2-3) following cochlear removal, approximately 30% of the 

deafferented NM neurons die, while the remaining neurons show a reduction in size [3]. 

Approximately 6 hours following deafferentation, assays for protein synthesis separate 

NM neurons into two distinct sub-populations.  One population shows a reduced level of 

protein synthesis while the other, approximately 30% of the neurons, shows complete 
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cessation of protein synthesis [41].  Similar effects of deafferentation can also be 

observed using Y10b, an antibody that recognizes ribosomal RNA [11, 24].  Prior to 

dissociating into two populations, decreased protein synthesis and Y10b labeling across 

all NM neurons can be visualized as early as one hour following deafferentation 

[11,16,17,41]. 

 

The rapid change in ribosomal integrity following deafferentation has allowed for 

in vitro analyses aimed at identifying the trophic signal released by the auditory nerve. 

The in vivo experimental design of unilateral cochlear removal is mimicked in a slice 

preparation of the auditory brain stem when one auditory nerve is stimulated while the 

other is deprived of afferent activity. The stimulated NM neurons show greater protein 

synthesis and immunolabeling with Y10b than the unstimulated neurons [16,17].  Further 

studies have shown that protein synthesis and ribosomal integrity are maintained strictly 

through a receptor-mediated mechanism [16,17] and not from production of action 

potentials per se.    

 

The neurotransmitter that is released from the chick auditory nerve terminal is 

glutamate, an excitatory amino acid [31].  Glutamate interacts with ionotropic glutamate 

receptors (iGluRs) as well as metabotropic glutamate receptors (mGluRs).  Ionotropic 

receptors, such as AMPA receptors, provide fast excitatory synaptic transmission in 

regions of the CNS, including the auditory nerve to NM synapse [46].  On the other hand, 

metabotropic receptors are G-protein coupled receptors and are not directly linked to ion 

channels [32].  The mGluRs are further subdivided into three groups based on sequence 

similarities, pharmacology, and intracellular signaling mechanism.   

 

Metabotropic glutamate receptors have been implicated in the regulation of 

ribosomal integrity in NM [19].  The mGluR antagonist, (±)- -methyl-4-

carboxyphenylglycine (MCPG), blocked the activity-dependent difference in Y10b 
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immunolabeling in NM neurons when the auditory nerve was unilaterally stimulated in a 

slice preparation of the chick brain stem, even though this antagonist had no observable 

effect on excitatory post-synaptic potentials (EPSPs).  Conversely, ionotropic receptor 

antagonists failed to block the activity-dependent difference in Y10B immunolabeling, 

even though they completely blocked EPSPs in NM neurons [18].  Together, these data 

suggest that glutamate released from the auditory nerve controls the electrical activity of 

NM neurons through activation of iGluRs, but provides trophic support to the NM 

neurons through activation of the mGluRs.  

 

Although the previous research has shown that activation of mGluRs is necessary 

for the activity-dependent regulation of ribosomal integrity in NM, the class of mGluR 

that mediates these effects remains unclear.  The antagonist used in the previous studies, 

MCPG [19,49], blocks both group I and II mGluRs.  The purpose of the present study is 

to determine if group I and/or II mGluRs are necessary for activity-dependent regulation 

of ribosomal integrity.  This is accomplished by selectively blocking Group I or II 

receptors while unilaterally stimulating the auditory nerve in vitro.  The compound AIDA 

is used to evaluate the role of group I mGluRs.  It has been shown to selectively block 

group I receptors at the micromolar concentrations in other systems [27, 29, 30] 

LY341495 and EGLU are used to evaluate the role of group II receptors.  LY341495 and 

EGLU show potency at the nanomolar and micromolar level respectively [9, 20, 21, 22, 

40].  
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MATERIALS AND METHODS 

 

 

Brain Slice Preparation 

Slices were obtained from 7-14 day old Ross x Ross chickens that were hatched 

and reared at Florida State University.  Subjects were anesthetized with halothane prior to 

decapitation.  The brainstem was rapidly dissected from the cranium and mounted onto a 

custom-built stage for slicing using a vibrating blade microtome.  A 300-µm, bilaterally 

symmetrical, coronal slice was obtained which contained nucleus magnocellularis (NM) 

and the auditory nerve on both sides.  Dissecting and slicing were done in an artificial 

cerebral spinal fluid (ACSF) bath.  The standard ACSF contained (in mM) NaCl, 130; 

KCl, 3; CaCl2, 2; MgCl2, 2; NaHCO3, 26; NaH2PO4, 1.25; D-glucose, 10 and was 

oxygenated using a 95% O2, 5% CO2 gas mixture.  Slices were maintained in a warm 

bath  (34 °C) while being superfused at 3ml/min with either normal ACSF or ACSF 

containing a group I metabotropic glutamate receptor antagonist AIDA  (50, 100, 200, 

400 µM) or a group II antagonist LY341495 (0.1 nM, 1nM) or EGLU (100µM, 200µM).  

Economics determined the type of perfusion employed for each respective drug.  A free-

flow perfusion was practical for LY341495 because of its low effective dose.  The group 

I antagonist, AIDA and the group II antagonist EGLU were perfused using a recirculating 

mechanism that recycled 50 ml of drug-containing media through the chamber and back 

into the reservoir, where the media was oxygenated and allowed to flow through the 

chamber again.  Control slices, maintained in normal ACSF, were examined using both 

perfusion methods and produced similar results.  All chemicals for the media were 

obtained from Fisher Scientific and the antagonists were obtained from Tocris-Cookson. 
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Stimulation and Electrophysiological Recording 

Slices were unilaterally stimulated at the auditory nerve with a bipolar electrode 

constructed from Teflon-coated platinum wire.  The auditory nerve was continuously 

stimulated for one hour with 20 µs, 50 V pulse presented at a rate of 10 Hz.  To assure 

viability of the slice, field potentials were periodically monitored in NM using a glass 

microelectrode filled with ACSF.  

 

Anatomical procedures 

After one hour of unilateral stimulation, slices were processed for Y10B 

immunolabeling using a standard immunocytochemistry protocol.  Slices were fixed 

overnight in 4% paraformaldehyde containing 20% sucrose.  The following day, slices 

were frozen and sectioned at 20 µm on a cryostat and placed in phosphate buffed saline 

(PBS).  Sections were then placed in 0.03% peroxide and methanol for 10 min to quench 

endogenous peroxidase activity.  After quenching, sections were rinsed with PBS, 

preincubated in 4% normal horse serum for 10 min, and then incubated in 1:250 Y10B 

primary antiserum overnight.  Sections were once again washed with PBS then incubated 

in 1:200 biotinylated horse anti-mouse secondary antibody for an hour.  Sections then 

underwent another round of washing with PBS for 10 min and were then incubated in an 

Avidin-Biotin Complex (Vector Laboratories, Burlingame, CA) for one hour.  Finally, 

sections were reacted using 0.5-mg/ml diaminobenzidine and 0.009% hydrogen peroxide 

in phosphate buffer solution. 

 

Data Analysis 

 For objective analysis of immunolabeling, densitometric measurements of NM 

neurons were obtained using NIH image.  Sections from the middle third of the slice were 

chosen for analysis.  The staining densities of NM neurons on the stimulated side of the 

slice were compared with those on the unstimulated side of the slice in the same tissue 

section.  For these analyses, the video image of the tissue was viewed under a 40X 
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objective.  Light levels and contrast setting remained constant throughout analysis.  An 

average of 30-40 neurons on each side of the same section were measured.  Neurons with 

an observable intact cell membrane were analyzed beginning from the most medial 

region of NM and proceeding laterally.  An average 3-4 slices were measured per group 

with 2-3 sections being analyzed per slice.  To prevent bias, the identities of the 

stimulated and unstimulated sides of the slice were only revealed after measurements 

were obtained.  All data compilation and analyses were done using Microsoft Excel and 

SPSS. 
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RESULTS 

 

 

 

Electrophysiology 

The application of the mGluR antagonists, AIDA, EGLU and LY341495 

produced no noticeable change in the postsynaptic field potential recorded in NM.  These 

observations are consistent with previously reported findings [19, 49].  All slices included 

in this report maintained a strong field potential in NM throughout the hour-long 

stimulation period. 

 

Immunohistochemistry 

When the auditory nerve was unilaterally stimulated in normal ACSF, NM 

neurons on the stimulated side showed darker Y10B immunolabeling than the 

unstimulated NM neurons on the opposite side of the slice.  An example of this effect can 

be seen in Figure1 (A-B).  The group I mGluR antagonist AIDA blocked the difference in  

Y10B immunolabeling between sides of the same tissue sections.  Relatively low AIDA 

concentrations (100-200µM) were effective in eliminating the difference in Y10B 

immunolabeling.  In the presence of a relatively high AIDA concentration (400µM), the 

activity-dependent difference in Y10B immunolabeling appears to be reversed in 

direction, with stimulated NM neurons showing less labeling than unstimulated neurons 

(fig.1, C-D). 

 Objective analyses of staining density confirmed these visual impressions.  A 

two-way mixed analysis of variance (ANOVA) was performed on the gray scale density 

measurements using side of the slice as the within-subjects variable and concentration of 

antagonist as the between-subjects variable.  This analysis revealed a reliable main effect  
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of concentration [F(1,11) = 9.9, p < 0.01].  The overall main effect of Side was not 

statistically reliable [F(1,11) = 3.5, p = 0.09], but importantly, the Group X Side 

interaction was statistically significant [F(4,11) = 6.8, p < 0.01].  Post-hoc (Newman-

Keuls) pair-wise comparisons revealed that only the control group and the 50µM 

concentration group showed reliable (p < 0.05) differences between the stimulated and 

unstimulated sides of the slice.  To further examine the between-group differences, 

density measurements were normalized across sections and slices by transforming gray 

scale scores to percent difference [(mean stimulated-mean unstimulated) / mean 

unstimulated * 100].  These percent difference data are summarized in Figure 2, in which 

positive numbers indicate that NM neurons on the stimulated side were more darkly 

labeled than those on the unstimulated side of the slice.  As the concentration of AIDA 

increased, the percent difference in labeling density decreased such that at 400µM, the 

NM neurons on the stimulated side appear to show less labeling than those on the 

unstimulated side.  However, as noted above, the difference between sides in the 400µM 

group did not reach statistical significance.  A one-way ANOVA on these percent 

difference scores revealed that there was a statistically reliable between-group effect. [F 

(4,11) = 10.7, p < 0.01].  Post hoc pair-wise comparisons (Newman-Keuls) showed that 

the control differed reliably (p < 0. 05) from all of the drug treatment groups and the 50 

µM group differed reliably from the 400 µM group.  
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Figure 1.  Group I and II metabotropic glutamate receptors block the activity-dependent difference in Y10b 

immunolabeling in NM neurons.  Photomicrographs show NM neurons from opposite sides of the same tissue section. 

A-B: NM neurons from a slice maintained in normal ACSF while the auditory nerve was unilaterally stimulated.  On 

average, NM neurons on the stimulated side of the slice were more darkly labeled than those on the unstimulated side 

of the slice.  C-D: NM neurons from a slice maintained in ACSF containing AIDA, a group I metabotropic glutamate 

receptor antagonist.  AIDA (400µM) blocked the activity-dependent difference in Y10b immunolabeling.  At this 

dose, the neurons on the stimulated side tend to be more lightly labeled than those on the unstimulated side.  E-F: NM 

neurons from a slice maintained in ACSF containing LY341495, a group II metabotropic glutamate antagonist.  

LY341495 (1 nM) blocked the activity-dependent difference in Y10b immunolabeling. 
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Figure 2.  The group I mGluR antagonist, AIDA, blocks the activity-dependent difference 

in Y10b immunolabeling.  Gray-scale density measurements of individual NM neurons on 

opposites sides of the same tissue section were normalized as percent difference scores.  

The height of each column indicates the average percent difference score for groups of 

slices treated with various doses of AIDA.  Positive numbers mean that NM neurons on 

the stimulated side are more darkly labeled than those on the unstimulated side of the 

slice.  Error bars indicate standard error of the mean.  Asterisks indicate that there is a 

statistically reliable difference between simulated and unstimulated sides of the slice and 

the ‡ indicates that the percent difference for the drug-treated group differed reliably from 

the percent difference observed in the control group.  
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Both of the group II mGluR antagonists, LY341495 and EGLU, also blocked the 

activity-dependent difference in Y10B immunolabeling.  A low concentration of 1nM 

LY341495 eliminated the difference in Y10B immunolabeling (Figure 1, E-F).  EGLU 

eliminated the difference at a dose of 200µM.  These data are summarized in Figures 3 

and 4.  Like AIDA, high concentrations of LY341495 tended to result in lighter Y10b 

labeling in NM neurons on the stimulated side of the brain compared to those on the 

unstimulated side of the same tissue section.   

 

Once again, objective analyses, using NIH Image, confirmed the visual 

impressions.  For slices stimulated in the presence of LY341495, the two-way mixed 

ANOVA revealed reliable main effects of Group and Side [F(1,6) = 10.1 and 6.7, 

respectively, p < 0.05] , as well as a reliable Group X Side interaction [F(2,6) = 8.1, p  < 

0.05].  Post-hoc pair-wise comparisons (Newman-Keuls) showed that the control group 

had a reliable difference in labeling on the two sides.  A one-way ANOVA on the percent 

difference scores revealed a statistically reliable between-group effect [F (2,6) = 5.7, p < 

0.05].  Pair-wise (Newman-Kuels) comparisons revealed that there was a statistically 

reliable difference between the control and 1nM LY341495 (p < 0. 05).  The difference 

between 0.1nM LY341495 and control was not statistically reliable.  For EGLU, the two-

way ANOVA revealed a reliable effect of Side [F(1,6) = 16.4, p < 0.01] and a reliable 

Group X Side interaction [F(2,6) = 6.6, p < 0.05], although the Group main effect was not 

reliable [F(1,6) = 2.3, p > 0.1].  Post-hoc (Newman-Kuels) comparisons revealed that 

only the control group showed a reliable difference between stimulated and unstimulated 

sides of the slice.  A one-way ANOVA on the percent difference scores revealed a 

reliable between-group effect [F (2,6) = 5.1, p < 0.05].  Post hoc (Newman-Kuels) pair-

wise comparison revealed a statistically reliable difference between the control group and 

200µM EGLU.  
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Figure 3.  The group II mGluR antagonist, LY341494, blocks the activity-dependent 

difference in Y10b immunolabeling in NM neurons.  Gray-scale density 

measurements of individual NM neurons on opposites sides of the same tissue 

section were normalized as percent difference scores.  The height of each column 

indicates the average percent difference score for groups of slices treated with 

various concentrations of LY341495.  Positive numbers mean that NM neurons on 

the stimulated are more darkly labeled than those on the unstimulated side of the 

slice.  Error bars indicate standard error of the mean. Asterisks indicate that there is 

a statistically reliable difference between simulated and unstimulated sides of the 

slice and the ‡ indicates that the percent difference for the drug-treated group 

differed reliably from the percent difference observed in the control group. 
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Figure 4.  The group II mGluR antagonist, EGLU, blocks the activity-dependent 

difference in Y10b immunolabeling in NM neurons.  Gray-scale density 

measurements of individual NM neurons on opposites sides of the same tissue section 

were normalized as percent difference scores.  The height of each column indicates the 

average percent difference score for groups of slices treated with various 

concentrations of EGLU.  Positive numbers mean that NM neurons on the stimulated 

side of the slice are more darkly labeled than those on the unstimulated side of the 

slice.  Error bars indicate standard error of the mean. Asterisks indicate that there is a 

statistically reliable difference between simulated and unstimulated sides of the slice 

and the ‡ indicates that the percent difference for the drug-treated group differed 

reliably from the percent difference observed in the control group. 
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DISCUSSION 

 

A subset of neurons in nucleus magnocellularis (NM) dies within a few days 

following cochlea removal [3].  Analyses of the sequence of cellular events leading 

toward cell death suggest that one of the earliest changes in NM neurons following 

deafferentation is a change in ribosomal integrity [39].  This has been documented both 

by examining protein synthesis [16, 17]) and by the loss of immunoreactivity using the 

Y10b antibody employed in the present experiments [11, 17].  In the present study, the 

activity-dependent regulation of Y10b immunoreactivity was once again replicated.  

Unilateral stimulation of the auditory nerve in vitro resulted in greater immunoreactivity 

in stimulated NM neurons as compared to unstimulated neurons on the opposite side of 

the same tissue section.  Previous studies have shown that this activity-dependent 

regulation depends on activation of metabotropic glutamate receptors (mGluRs) [19] but 

not ionotropic glutamate receptors [18].  The experiments presented in this report provide 

evidence that both group I and II mGluRs are necessary for this activity-dependent 

difference in ribosomal integrity.   

 

A key unanswered question is how activation of these receptors serves to maintain 

ribosomal integrity in these neurons.  One possibility is that the cascade of events 

following mGluR activation serves to maintain calcium homeostasis in these neurons.  

Indeed, experiments by Zirpel and his colleagues [47] have shown rapid activity-

dependent changes in intracellular calcium concentrations.  While the link between rising 

intracellular calcium levels and disruption of ribosomal integrity is not firmly established, 

there are a number of parallel results using these two assays.  First, calcium levels rise in 

NM neurons within one hour following deafferentation.  Second, stimulation of the 

auditory nerve in vitro maintains relatively low intracellular calcium levels, while the 

levels observe in unstimulated NM neurons gradually rise within one hour following the 

loss of activity.  Finally, stimulation does not maintain low calcium levels if the slice is 
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stimulated in the presence of MCPG, a relatively broad-acting mGluR antagonist.  

Instead, calcium levels rise even faster in MCPG-treated stimulated neurons than in 

unstimulated neurons.  These results coincide with those we observe with the Y10b assay 

for ribosomal integrity.  Specifically, antigenicity is rapidly reduced in deafferented 

neurons [11], it is maintained by stimulation [17, 18, present report] and when the slice is 

stimulated in the presence of mGluR antagonists, antigenicity is lost to a greater extent in 

stimulated neurons than in unstimulated neurons on the opposite side of the slice [19, 

present report].  Given the similarity in these patterns of results, a reasonable working 

hypothesis is that the changes in ribosomal structure and function may be driven by 

changes in intracellular calcium levels.  However, the alternative hypothesis, changes in 

protein synthesis may have detrimental effects on calcium regulatory systems, has not 

been ruled out. 

 

Previous studies on both ribosomal integrity and calcium regulation have either 

used a relatively broad-acting mGluR antagonist (MCPG), or have focused on group I 

receptors [19, 49, 50, 51].  The present report confirms the importance of group I 

receptors and further shows that group II receptors play a significant role.  Traditionally, 

group I receptors are believed to activate the phospholipase C second messenger cascade, 

resulting in the generation of inositol triphosphate (IP3) and diacylglycerol (DAG) and 

activation of protein kinase C (PKC) [7, 15].  They have also been shown to increase 

accumulation of cyclic AMP (cAMP).  The group II receptors are believed to be 

negatively coupled to the adenyl cyclase cascade, resulting in a reduction in cAMP and 

reduced activity of protein kinase A (PKA) [7, 42].  However, they may also lead to 

increased cAMP accumulation in some systems [37].  Since calcium-imaging studies 

have shown that modulation of both PKC and cyclic cAMP [52] can alter calcium levels 

in NM neurons, it makes sense that receptors linked to these cascades could be involved.  

However, this relationship may not be straightforward. 
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Group I Receptors 

 

Converging evidence agrees that activation of group I receptors is neuroprotective 

in the brain stem auditory system.  In other systems, there have been conflicting reports 

as to whether group I receptors enhance neurotoxicity or if they are neuroprotective.  

Nicolleti and colleagues [33] suggest three possibilities for the discrepant results in the 

literature.  First, there appears to be a relationship between the presence of the NMDA 

receptor subunit 2c and neuroprotective action of group I mGluR agonists.  This suggests 

that mGluR activation reduces the toxic calcium entry through NMDA receptors during 

excitotoxic insults.  Interaction of mGluRs and NMDA receptors are unlikely to be a 

significant contributor to the neuroprotective influence of mGluRs in NM, however, since 

blockade of NMDA receptors does not influence the activity dependent regulation of 

either intracellular calcium concentrations [49] or ribosomal integrity [18].  A second 

possibility proposed by Nicolleti and colleagues is that mGluRs could reduce release of 

glutamate, thereby imparting a neuroprotective influence.  While this is a possible 

mechanism in NM, it seems unlikely since mGluR antagonists do not appear to alter 

electrophysiological responses in NM neurons.  A third possibility highlighted by 

Nicoletti and colleagues is that the neuroprotective influence could result from activation 

of mGluR receptors on glial cells and the subsequent release of trophic factors.  This 

possibility has not been investigated in NM, but it is intriguing that deafferentation also 

produces a rapid proliferation of glial processes in and around NM [26, 38].  Although 

there does not appear to be a one-to-one relationship between proliferating astroglial 

processes and whether an individual NM neuron will live or die [5] it remains possible 

that glial cells could provide some form of trophic support to NM neurons.   

 

It is also possible that postsynaptic mGluRs may be directly neuroprotective in 

NM neurons by mechanisms that have not yet been completely elucidated.  

Immunohistochemical analyses reveal that postsynaptic mGluRs are present on NM 
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neurons [51] and calcium-imaging studies have shown rapid responses following 

activation of mGluRs [47].  It has been suggested that group I receptors could decrease 

calcium entry into NM neurons by reducing flux through voltage-dependent calcium 

channels [23] or by attenuating entry through calcium permeable AMPA receptors [51]. 

It is possible that kinase activity modulated by mGluR activation results in these controls 

on calcium homeostasis.  Once again, calcium-imaging studies support this hypothesis in 

that control of calcium levels in NM appears to involve multiple kinases [52]. 

 

 

Group II Receptors 

 

The literature regarding the role of group II receptors in cell death is also mixed.  

For example, neuroprotective effects of group II agonists have been observed when death 

is induced by hypoxia in goldfish [36] or following MTPT injections in mice [1].  On the 

other hand Behrens et.al., [2] used several methods of inducing cell death and report no 

effects of group II agonists and antagonists except when exposed to relatively high doses.  

They suggest that many of the reported effects of these compounds are a result of 

nonspecific actions.  In the present study, two different group II antagonists were tested at 

different doses.  EGLU [20] blocked the activity-dependent difference in labeling at a 

dose of 200µM and the more potent antagonist LY 341495 was effective at a dose as low 

as 1 nM.  Receptor binding studies [21] have shown that this concentration of LY341495, 

which is 1-2 times it’s KD, is very specific to group II (mGlu2 and mGlu3) receptors.  

Consequently, it is unlikely that the effect of this low dose of drug would be due to cross-

reactivity with other receptors, such as group I mGluRs.   

 

In situations where group II receptors are reported to be neuroprotective, it is 

often suggested that the mechanism of action is the reduction of glutamate release 

following activation of presynaptic mGluRs and/or and interaction between neurons and 
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glia [4].  In NM, there is no evidence that mGluRs significantly reduce physiological 

activity [19, 49, present report], so it is unlikely that the neuroprotective action arises 

from a dramatic reduction of glutamate release.  It should also be noted that the auditory 

nerve to NM neuron synapse is highly active, with spontaneous rates up to100 Hz [45] 

and this is an extremely large calyx-type synapse [35] where the local concentrations of 

glutamate in the synaptic cleft is estimated to be in excess of 1mM [34].  Consequently, 

slight reductions in glutamate release as a result of presynaptic mGluR activation are 

unlikely to produce a significant reduction in overall glutamate exposure.  It is also 

important to keep in mind that the loss of synaptic activity, not over-activity, is what is 

neurotoxic in this system.   

 

Traditionally group II mGluRs are thought to be negatively linked to cAMP 

accumulation.  This poses a problem for interpreting how group II receptors could be 

neuroprotective in NM since inhibition of cAMP results in elevated intracellular calcium 

levels [52].  However, group II receptors do appear to increase cAMP accumulation in 

some systems [37].  Thus it is possible that group II receptors lead to increased cAMP 

accumulation in NM, which, in turn, results in the maintenance of ribosomal integrity and 

calcium homeostasis.  The later point is speculative since the effects group II mGluRs on 

calcium levels in NM has not yet been investigated. 

 

Effects of high doses of antagonists 

 

The activity-dependent difference in Y10b immunoreactivity reversed, such that 

stimulated neurons tended to show less labeling than unstimulated neurons on the 

opposite side of the same tissue section when the slice was maintained in relatively high 

doses of mGluR antagonists.  While this reversal did not reach statistical significance at 

the doses used in the present study, it should be noted that this phenomenon is entirely 

consistent with the results obtained using the broader antagonist MCPG [19].  These 
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results are also wholly consistent with the results obtained using calcium imaging [49].  

A similar reversal effect is observed following antidromic stimulation of NM neurons 

using assays of protein synthesis [16], Y10b immunoreactivity [17] and calcium imaging 

[49].  In all cases, neuronal activity is more detrimental than having no activity when 

action potentials are produced directly in NM neurons without the synaptic input from the 

auditory nerve.  The most parsimonious explanation of these results is that action 

potentials in the NM neuron results in potentially detrimental calcium entry through 

voltage dependent calcium channels.  During the normal course of events, however, these 

action potentials are produced following the release of glutamate from the auditory nerve 

terminals.  This glutamate activates ionotropic receptors, thereby driving the postsynaptic 

action potentials, but the glutamate also activates mGluRs on the postsynaptic NM 

neuron (or neighboring glial cells).  The action of the mGluRs somehow compensates for 

the potentially detrimental effects produced by the action potentials.  This compensation 

likely involves a combination of events controlling sequestering, extrusion and influx of 

calcium and, based on the present results, involves at least two types of mGluRs.   
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