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Abstract

Gadolinium, a Calcium-sensing Receptor (CaR) agonist, was applied in different 

concentrations to rat Superior Cervical Ganglia (SCG) to discover the dissociation 

constant and the maximum amount of CaR-mediated current that could be blocked by 

this agonist. It was hypothesized that these concentrations would be similar to those of 

previously determined concentrations for other neural tissues, suggesting a similar CaR 

complex shared by the tissues. The SCG were dissected from male rats, cultured, and 

neural activity was recorded through a modified patch-clamping technique. It was shown 

that gadolinium’s dissociation constant was in the hundreds of nanomolars (nM), and that 

the agonist could block all CaR-mediated current. Previous research has shown 

gadolinium blocking other important calcium channels, however, and ultimately a 

method of blocking only the current generated by the CaR is desired to gain control of 

excess neurological activity as seen in stroke, cerebral ischemia, and seizures.



V

Table of Contents

Acknowledgements.........................................................................iii

Abstract............................................................................................ iv

Table of Contents.............................................................................v

List of Figures.................................................................................. vi

Introduction....................................................................................... 1

Literature Review............................................................................. 3

Materials and Methods.................................................................... 12

Results............................................................................................. 18

Discussion........................................................................................22

Literature Cited............................................................................... 24

Appendix......................................................................................... 27



VI

List of Figures

Figure 1. Decreased extracellular calcium concentration opens NSCC......................4

Figure 2. Phosphoinositide pathway.......................................................................... 4

Figure 3. Patch-clamp apparatus................................................................................ 14

Figure 4. Process of whole-cell patch clamp..............................................................15

Figure 5. Increasing concentrations of Gd+3 inhibit calcium current in SCG..........19

Figure 6. Example of an individual current trace........................................................21



1

Introduction

The cerebrum composes a large portion of the human brain, and is a center for 

reason and higher thought processes. Thus, to understand the function of the cerebrum’s 

components is an important research goal. Knowledge of how these cerebral neurons 

function is important for trauma cases, so that future treatments can be developed for use 

in intensive care units to limit damage done through excessive neurological activity. As 

cerebral neural functioning is better understood, the damage from conditions such as 

stroke, ischemia, and seizures can be greatly reduced or prevented (Matsumoto et al.

2002).

Seizures are the result of repeated abnormal neural activity. Strokes and cerebral 

ischemia result from a lack of blood, and hence oxygen, to the brain or part of the brain, 

resulting in neuronal damage and death. Neuronal death is triggered by fatal intracellular 

cascades, which are enhanced through excess neurological activity.

Cerebral neurons are small and have been inaccessible to researchers until

recently (Tsien et al. 1987), and a method of controlling their function is desirable in the 

medical field. Synaptosomes are homogenized and cultured cell bodies of cerebral 

neurons, which are neurons in which excess neurological activity is induced during 

traumatic brain injury. Synaptosomes provide a way to study the mechanisms of

cerebrocortical neurons.

A novel Non-Specific Cation Channel (NSCC) was discovered (Smith et al.

2001), which was found to be controlled by a specific receptor called the Calcium

sensing Receptor (CaR). The CaR is studied, then, as one key to controlling this pathway
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of excess neurological activity. Experiments are done with Superior Cervical Ganglia 

(SCG), a standard neural cell preparation (Tsien et al. 1987). Four CaR agonists were 

looked at: spermine, spermidine, gadolinium, and neomycin. Spermidine and spermine 

are long carbon chains with three and four positively-charged amino groups, respectively. 

Neomycin is an antibiotic made of a long carbon chain with five amino groups. 

Gadolinium is a trilanthanide cation. All have been shown to occupy the CaR, thus

maintaining NSCC inactivity.

The goal of this project is to find agonist concentrations that will specifically 

inhibit the CaR and to use these concentrations on synaptosomes. The effects of different 

concentrations of gadolinium on rat SCG were tested. The hypothesis of this experiment 

is that gadolinium will show a low micromolar (gM) dissociation constant (concentration 

at which half of the total agonist effect is seen) for this particular nervous tissue of SCG, 

comparable to concentrations in previous research of gadolinium (Appendix) on various

neural tissues.
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Literature Review

Upon transmission of an action potential in a neuron, calcium activates the release 

of neurotransmitters by exocytosis into the synaptic cleft, the narrow space between the 

pre- and post-synaptic membranes. These neurotransmitters bind to specific receptors on 

the postsynaptic membrane and initiate a change in membrane permeability, which 

increases or decreases the likelihood of the postsynaptic cell coming to threshold.

Calcium’s role in synaptic transmission includes stimulating the release of 

vesicles from the cytoskeleton of the cell, inducing fusion of vesicles already docked in 

the presynaptic active zone—which subsequently releases neurotransmitter into the 

synaptic cleft—and playing a role in neural plasticity and gene regulation (Brown et al. 

1995). Calcium plays a key role in synaptic transmission both directly and indirectly. 

Directly, calcium enters the presynaptic terminal through Voltage-Activated Calcium 

Channels (VACCs). VACCs are very important in synaptic transmission as they 

compose the major direct source of calcium into a neuron (Benham and Tsien 1987).

Indirect methods of calcium stimulation involve a signal transduction pathway 

initiated by a low concentration of calcium in the synaptic cleft as a result of prolonged 

neural stimulation (and hence usage of many of the calcium ions in the narrow synaptic 

cleft). A low extracellular calcium concentration opens Non-Specific Cation Channels 

(NSCCs) (Figure 1), which allow an influx of many different ions, some of which will be 

calcium to stimulate neurotransmitter release and therefore continue neural activity
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(Brown et al. 1995). The Calcium-sensing Receptor (CaR) mediates this indirect calcium

flow into the cell. The indirect activation of the NSCC was evidenced by a reduction of 

extracellular calcium during 0.06mM/0mM (Ca2+/ MgZ+)

depolarization, showing a significant

time-constant lag before NSCC

activation (Smith et al. 2001).

The CaR indirectly opens

NSCCs through the phosphoinositide

0.7 mM/1.1 mM

1.1 mM /1.1 mM

6 mM/0 mM

-0.5 H
100 . 200 

Time (s)

pathway (Washburn et al. 1999), Figure 1. Decreased extracellular 
calcium concentration opens NSCC.

shown in Figure 2.

If the CaR contains calcium or a CaR agonist, the NSCC is inhibited. When the 

CaR is occupied, phospholipase C (PLC) in the membrane cleaves phosphotidylinositol- 

4,5-bisphosphate (PIP2) into inositol-1,4,5-trisphosphate (IP3) and diacylglycerol (DAG). 

DAG eventually activates Protein Kinase C (PKC). PKC inhibits NSCC opening (Brown 

et al. 1995).

Figure 2. Phosphoinositide pathway.
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In contrast, the Adenylylcyclase-cyclicAMP (AC-cAMP) signaling pathway 

activates the NSCC when the CaR is empty. When the CaR is occupied, the AC-cAMP 

pathway is inhibited by an inhibitory G-protein coupling it to the CaR (Brown et al.

1995).

Details of the phosphoinositide pathway that the CaR stimulates, ultimately 

resulting in opening the NSCC, are still being uncovered. Recently, Bosel et al. (2003) 

elucidated the roles of Protein Kinases C (PKC) and A (PKA). The CaR activates the IP3 

signaling cascade, which stimulates PKC. In contrast, the adenylylcyclase-cAMP 

signaling pathway activates PKA and is coupled to the CaR via an inhibitory G-protein. 

Pharmacological inhibition of PKC enhanced IP3 signaling five-fold, while blocking 

PKA had almost no effect (Bosel et al. 2003). When both PKC and PKA were inhibited, 

however, a ten-fold enhancement of IP3 signaling activity occurred. There are still details 

to be elucidated in this complicated signaling pathway, and perhaps one of these puzzle 

pieces, besides clarifying the picture of CaR activation, will provide a vital clue for a 

method of controlling the CaR.

A CaR agonist occupies the receptor; when the receptor is occupied, the signaling 

cascade produces DAG and IP3 to block NSCC activity. Therefore, a CaR agonist 

maintains the phosphoinositide pathway, thus blocking the excess neural stimulation that 

NSCC activity provides.

Gadolinium, spermidine, spermine, and neomycin are all known CaR agonists, 

meaning that they activate the receptor to ultimately block calcium current. Whether or 

not a dosage of any agonist could effectively block only the calcium receptor is yet
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unknown. Prior research gives suggestions of the dissociation constants (concentration at 

which half of the total agonist effect is seen) and the maximal percent of current that can 

be blocked for each agonist in various neural tissues (Appendix 1). These CaR agonists 

inhibited calcium current at specific concentrations in rat and mouse hippocampal 

neurons (Ye et al. 1996; 1997), in human embryonic kidney cells transfected with CaR 

(Quinn et al. 1997), and in Xenopus laevis oocytes transfected with the extracellular and 

transmembrane domains of the CaR, respectively (Hammerland et al. 1998).

When calcium is bound to the CaR, the NSCC remains closed as there is plenty of 

calcium entering through the VACCs (Hofer et al. 2000). When calcium concentration 

dwindles, there is not enough calcium in the synaptic cleft to occupy the CaRs. The 

unbound CaRs in the presynaptic terminal inactivate the phosphoinositide signal 

transduction pathway and activate the AC-cAMP pathway, resulting in the opening of the 

NSCC. Through the NSCC comes a massive influx of cations, some of which will be 

calcium to continue synaptic transmission (Brown et al. 1995). Termination of the 

phosphoinositide signaling cascade also stimulates intracellular calcium stores to be 

released, another method of ensuring a continuation of neurotransmitter release from the 

neurons (Jiang et al. 2002).

Recent research in rat cerebrocortical synaptosomes has shown gadolinium to 

cause dose-dependent inhibition of intrasynaptosomal free calcium, with an inhibitory 

current at which half the current is blocked (IC50) of 10 /zM (Romano-Silva et al. 1994), 

supporting the linkage of neurotransmitter release to localized calcium entry and 

neurotransmitter specificity in synaptosome calcium channels.
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The previously described CaR function was performed in rat SCG cells. This 

CaR agonist research constitutes the first step in determining agonist concentrations that 

will ultimately be used in experiments with synaptosomes, the homogenized and cultured 

cell preparation of cerebral neurons. Whether or not the calcium receptor in neocortical 

neurons responds to similar agonist concentrations as the CaR in SCG has yet to be 

determined. The small size and inaccessibility of synaptosomes has made them difficult 

to study, but using a novel preparation of dissected rat neocortex (cerebrum) and 

modified patch-clamping techniques (Zhang et al. 1993), accurate recordings of 

synaptosome activity can be made. Because there has only been limited research done 

concerning neurons of such small size and high neurological function as the 

synaptosomes (Millan and Sanchez-Prieto 2002), it is difficult to understand what is 

being seen in the normal state of these neurons, much less interpret cell occurrences as 

different agonists are applied.

The standard neural preparation of SCG cells was used for this experiment. Much 

is known about the SCG composition, which allows the experiment to focus on more 

detailed aspects of how the current is generated.

SCG are composed mainly of N-type VACCs (Tsien et al. 1987), which are 

activated with moderate voltage. The membrane potential (ionic difference between the 

inside and the outside of the cell) determines the particular level of voltage/stimulation 

that the channel is activated by: L-type channels are activated by a high depolarization,

N- and P/Q-types by a moderate depolarization, and T-types are activated by a low 

depolarization (Benham and Tsien 1987).
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Other tissues have different compositions of VACCs, which are stimulated at 

different membrane potentials. VACC composition of mouse and rat SCG was 

determined. Intact rat SCG composition was identified as 49% N-type, 11% P/Q-type, 

21% L-type, and 20% resistant to blockade (R-type). Intact mouse SCG VACC 

composition was 29% N-type, 13% P/Q-type, 32% L-type, and 26% R-type (Martinez- 

Pinna et al. 2002). These varying percentages suggest species differences in the N-and 

L-type channel expression. It was found that in dissociated mouse SCG the N component 

was larger and the L component was smaller, while P/Q and R types were relatively 

stable. This suggests that dissociating and culturing the SCG results in data that only 

partially reflect the ion channel composition of intact neurons. The data suggest that L 

channels are more abundant in dendrites and N channels more prominent in the soma of 

mouse SCG. These findings raise an important question of the accuracy of using 

dissociated SCG cell bodies to determine agonist concentrations.

Although many neurons contain all the VACC types, by using the patch-clamp 

technique, current variables can be eliminated by maintaining such a membrane potential 

that only one type will be activated. The original patch-clamp technique (Hamil et al. 

1981), modified by Zhang et al. (1993) to account for the smaller SCG cells (10-20 pm in 

diameter), specifically determines the membrane potential of the neural membrane.

In different neural cell preparations, different concentrations of gadolinium were 

effective. A concentration of 2 pM gadolinium completely blocked calcium current in 

mouse neocortical neurons (Yu et al. 1997) and 10 pM gadolinium blocked calcium 

current in rat thalamic neurons (Formenti et al. 2001), showing its use as an NSCC
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blocker. When the CaR is occupied, whether by calcium or by a CaR agonist, the NSCC 

remains closed. The variation of effective gadolinium concentrations in different tissues 

(Appendix) reveals the further need to delineate the specific concentrations necessary to 

regulate the calcium current in the particular preparation.

The variation of inhibiting concentrations of gadolinium may be attributed to 

different CaR isoforms, some of which were identified through Western blot 

immunoassays done by Smith et al. (2001). This variation in the effective gadolinium 

concentrations needed to block CaR-generated current may be attributed to slightly 

different forms of the CaR. CaR isoforms may reflect varied glycosylation, 

posttranslational modifications, or a different CaR family. The cloned rabbit kidney CaR 

shares a high degree of overall homology (over 90% amino acid identity) with the 

bovine, human, and rat CaRs, although it differs slightly in several regions of the 

extracellular domain potentially involved in binding ligands (Butters et al. 1997). 

Hammerland et al.’s study (1998) points to the major function of CaR’s extracellular

domain.

The CaR identified by Smith et al. (2001) in the rat SCG was found to be 91 

kilodaltons (kD). Nearing et al. (2002) recently discovered a salinity-sensing calcium 

receptor in the dogfish shark whose isolated DNA sequence encoded for a 91 kD protein; 

this similarity to the rat CaR was interesting especially since the normal protein size for 

CaRs to date is in the range of 120 kD (Brown et al. 2000). The multiple functions of 

CaR isoforms possibly reflect the many various functions of the calcium ion itself. This
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points to the importance of studying the CaR specific to neocortical neurons for 

understanding the limits of this isoform.

A recent study (Racz et al. 2002) shows a CaR isoform in the human pancreas; its 

functions are thought to include triggering ductal electrolyte and fluid secretion and 

preventing calcium salt precipitation in duct cells. Even in the kidney, many CaR 

isoforms exist, their differing functions being dependent on the region where they are 

found (Ward and Riccardi 2002).

While gadolinium has been shown to block many different calcium channels 

(Appendix), Canzoniero et al. (1993) showed that gadolinium, in the concentration range 

of 0.1-30 gM, did not interfere with the sodium-calcium (Na+-Ca2+) antiporter in cerebral 

nerve terminals, showing gadolinium to exhibit some specificity.

From prior research from neural tissue preparations (Appendix), a range of 

experimental gadolinium concentrations was chosen for this experiment. Because of the 

basic CaR structure, the hypothesis of this experiment is that gadolinium will show a 

similar dissociation constant (concentration at which half of the total agonist effect is 

seen) of a low micromolar concentration for this particular nervous tissue of SCG.

While previous research (Appendix) shows that gadolinium blocks more current 

than just CaR-mediated current, gadolinium may yet provide specific control through 

varied concentrations or other possible experimental variations such as application with 

additional CaR agonists. The results of this research may be used to formulate a method 

of blocking CaR-mediated current without affecting other major calcium channels,
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namely VACCs. The intent of this research with SCG is ultimately to determine CaR 

current inhibitors for use with synaptosomes.
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Materials and Methods

Superior cervical ganglia (SCG) were removed from male Sprague-Daley rats and 

cultured overnight. Resulting SCG cells, 10-20 gm in diameter, were whole-cell patch- 

clamped and stimulated under conditions specific for CaR-mediated current. The 

stimulation involved changing the resting membrane potential, -69 mV, to 0 mV for 20 

milliseconds (ms). This was done every ten seconds. Upon analysis, each 10-second 

current trace was effectively summed by the Axopatch computer program, taking into

account such variables as leak current and electrical noise.

Cultured SCG yielded the neural cell bodies, spherical cells whose small surface 

area was better controlled in a patch-clamp experiment. These cells were used only for 

one day; subsequent growth of axons and dendrites add to surface area and thus decrease 

the effectiveness of the patch-clamp to control the cell’s membrane potential. The ion 

channel composition of the cell body was equivalent to the synapse composition of axons 

and dendrites for experimental purposes. SCG have long been a standard neural 

preparation (Tsien et al. 1987).

Two or three mLs of isofluorine were pipetted into a container and immediately 

covered. After approximately one minute the liquid had vaporized. The rat was then 

introduced and thus anesthetized. When the blinking reflex stopped, the rat was 

beheaded with pipe-cutters. For the synaptosomal preparation, the brain was 

immediately removed and the white matter and hypothalamus were removed. The head 

was then placed in approximately 25 mL of iced HBSS (Hank’s Buffered Salts Solution) 

and the SCG were removed under a dissecting microscope and placed in small culture
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dishes of HBSS. For both dissections, it was imperative to minimize touching or 

agitating the tissue.

SCG were then cultured in a cell culture hood. After multiple rinses with HBSS, 

the SCG were diced and placed in a solution of 2 mL HBSS and albumin with 3 mg 

collagenase, which was mixed and placed in a water bath at 37° C for 15 minutes. The 

HBSS-albumin solution was aspirated off, and the SCG were rinsed twice with HBSS 

and aspirated each time. These were then incubated with another allotment of HBSS- 

albumin and 2 mg trypsin for 30 minutes. Following aspiration of the solution and two 

HBSS rinses, the SCG were triturated with three increasingly smaller Pasteur pipettes, 

formed by heating over flame, to gently separate the cells.

During the incubation steps, a 1:9 ratio of fetal bovine serurmmodified Eagle’s 

Medium was made. Of the 20 mL made, 6 mL were placed in one centrifuge tube and 14 

mL were placed in another, and these were kept in a 37° C incubator until needed. The 6- 

mL portion was added to the triturated SCG and placed in the centrifuge for three (3) 

minutes at 800 rpm. The solution was aspirated from the SCG upon centrifugation. 

Addition of 720 gL of medium to the SCG made a concentrated cellular solution.

Twelve glass cover slips were placed in a 24-well plate (or as needed), and 60 piL of SCG 

mixture was added per cover slip. The drops were incubated for 30 minutes for cell 

attachment to the cover slips, and then an additional 1 mL was added to each cell well. 

These were stored in the CO2 incubator at 37° C overnight.

A cover slip with incubated cells was placed in a convex dish containing a bath 

solution of Tyrodes solution. For these experiments, the Tyrodes solution was prepared 

containing 10 mM calcium. The high extracellular calcium concentration ensured that

CORETTE LIBRARY 
CARROLL COLLEGE
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the NSCC was not activated (Figure 1) unless stimulation was applied. A reference 

electrode was placed in the bath solution, and the entire setup was situated under a 

microscope (Figure 3). Capillary tubes were heated and pulled to form minute pipettes 

with diameters of a few micrometers and subsequently filled with a mock intracellular

solution. This mock intracellular solution had been stored in an -80° C freezer and

included sodium and potassium channel blockers tetrodotoxin (TTX) and tetra-ethyl 

ammonium (TEA), respectively. After removing the intracellular solution from the 

freezer, sucrose was added to make a 20 pM solution.

Figure 3. Patch-clamp apparatus.

Once the pipette tip was submerged in the bath solution surrounding the cells, the 

pipette was connected current-wise to the reference electrode via the intracellular 

solution. The reference electrode extended into an amplifer, which was in turn connected 

to a specialized computer program (Axopatch), allowing one to manipulate and record 

the experimental conditions including cell membrane potential and the magnitude and 

duration of stimulating voltage pulses. The microscope apparatus was contained in a
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three-sided Faraday cage to minimize any electrical noise that might otherwise affect the 

detection of channel activity in the patch-clamp.

Using the microscope apparatus, the pipette was then maneuvered to the cell 

surface, where slight suction and monitoring of resistance according to the computer 

program confirmed a good seal on the membrane (minimum 

of 5-10 gigaohms). After the membrane was broken through 

(pipette resistance now high megaohms/low gigaohms), the 

membrane potential was set and maintained, and the effects

of various substances/concentrations to the bath solution

were shown and recorded as fluctuations in current (ion 

channels opening/closing) (Figure 4). According to the

equation V=IR (voltage=(current)(resistance)), the higher 

the resistance, the smaller the detectable current. This

explains the importance of a high-resistance seal in the 

patch-clamp. The cell membrane, electrode, amplifier, 

and other electrophysiological apparati can be simply 

diagrammed as a number of capacitative circuits both in 

series and parallel (Hamil et al. 1981). Current is the 

amount of charge flowing per second, so as more ions pass 

through the membrane the recorded current increases.

Once a whole-cell patch-clamp was attained on an

Whole-cell patch-clamp: more 
suction breaks membrane, 
Resistance is high Mil-low GO

Figure 4. Process of 
whole-cell patch clamp.

SCG, the current was allowed to stabilize, which was determined by 20-30 similar 

current traces recorded by the computer patch-clamp program. During this stabilization,
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the SCG was bathed in a constant flow of Tyrodes solution (containing lOmM calcium, 

TTX, and TEA). Upon reaching clamp stabilization, the SCG was bathed with 

gadolinium solution (with TTX and TEA) until the calcium current stabilized. The 

gadolinium solutions were applied separately in order of increasing concentrations or 10 

nM, 1 pM, 10 pM, and 100 pM. After the 100 pM gadolinium solution had bathed the 

SCG, Tyrodes solution was then reinstated to attempt to regain the original current by 

washing away the gadolinium. Once a majority of the original current was recovered, a 

200 pM cadmium solution, in the form of cadmium chloride, was applied to the SCG 

bath. Cadmium is a potent inhibitor of calcium current. The desired effect was to 

completely block the recorded current to confirm its identity as calcium current.

The patch-clamp allows the experiment to be conducted to test the activation of a 

specific range of current. The membrane potential is altered so only certain VACCs will 

be activated (N and PQ, intermediate VACCs); L and T VACCs, high- and low-activated 

VACCs, respectively, are excluded by the experiment’s specific stimulation from -69 mV 

(resting membrane potential) to 0 mV.

The solutes added to the solution bathing the cells also control the specific range 

of current activated. Tetrodotoxin, TTX, (1:2000 dilution) is a potent sodium channel 

blocker, and tetra-ethyl ammonium, TEA, potently blocks potassium channels. 

Eliminating these two major currents from the neuron helps isolate the calcium current at 

specific membrane potentials. In a normal cell membrane, many different ions are being 

transported across at any given time; by blocking these other ion channels, a specific ion

flow can be detected.



17

Finally, a high extracellular calcium concentration (10 mM) ensures that the 

NSCC is only activated when stimulation is applied. Since NSCC activity is controlled 

by the CaR, current recorded in these experimental conditions directly reflects CaR

activation or inhibition.

Each solution to be used for bathing the cells was prepared prior to patch

clamping the SCG. Each was placed in a stopcocked 35-mL syringe with capillary-size 

tubing connecting it to the solution distributor, which was simply a capillary tube (Figure 

3). An adaptive piece allowed all six tubes extending from the six solutions of 10 nM, 1 

pM, 10 pM, and 100 pM gadolinium, as well as the Tyrodes solution and 200 pM 

cadmium chloride, to be simultaneously hooked to the solution distributor. It was 

imperative that the tubing sealed completely with this adaptive piece and the syringe to 

prevent bubbles. Bubbles interrupted the smooth bath solution flow and disrupted the 

patch-clamp. Cold solutions also caused bubbles; the optimal solution temperature was 

room temperature or slightly warmer, so the intracellular and Tyrodes solutions were 

warmed by placing them in a container of hot water for approximately 15 minutes. The 

gadolinium solutions were subsequently made from this warmed Tyrodes. TTX could 

not be in the solution while it warmed because the heat would denature the toxin, 

although it could be added after the Tyrodes had reached the desired temperature.
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Results

Figure 5 shows the effects of different gadolinium concentrations on calcium 

current. Along the center of the graph, the approximate time that each concentration was 

applied is denoted by the line underneath each concentration. Current increases in the 

downward direction, so the greater the peak of the line plot, the more current is being 

inhibited. The top of the graph represents zero picoamperes of current, and current 

magnitude increases in the downward direction.

The total calcium current was affected very little by the 10 nM gadolinium 

solution, decreasing the total current by less than 10%. As shown in Figure 5, the 10 nM 

gadolinium only slightly inhibits the total calcium current, 1 pM inhibits over half of the 

current, but another magnitude of concentration (10 pM gadolinium) nearly inhibits the 

entire current. The 100 pM gadolinium solution is an excessive concentration for 

blocking calcium current. With the replacement of Tyrodes as the bath solution, the 

current rapidly began recovering. The current was not allowed to stabilize, however, 

before the cadmium was added to the bath. Approximately 65% of the original current 

amplitude was recovered. The addition of cadmium completely blocked the current.

Since 10 nM only slightly inhibits CaR-generated current and 1 pM inhibits 65% 

of the current, which is two order of magnitudes higher, the dissociation constant (50% 

blockage) for gadolinium lies between these two values, or approximately 100 nM.

The current baseline, when fully inhibited, may still appear to be above zero 

picoamperes (pA) because of noise created by various elements of computer connections 

and surrounding electrical activity. The dips between the stabilized current are attributed
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Figure 5. Increasing concentrations of Gd+3 inhibit calcium current in rat SCG.
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to incomplete suffusion of the gadolinium solution in the tubing leading the solution to

the bath.

Figure 5 was made from a compilation of individual current tests run on an SCG 

under patch-clamp. A normal current trace was recorded for each 10-second square pulse 

stimulation by the computer, and these current traces were subsequently compiled to 

create the final analysis. Each dot on Figure 5 represents a single current trace.

Figure 6 depicts an individual current trace. For the current trace, the x-axis 

represents time and the y-axis represents current. For the pulse stimulation shown below 

the current trace, the x-axis again represents time and the y-axis represents voltage. 

Stimulation brought the membrane potential from -69 mV to 0 mV and was maintained 

for 20 milliseconds. Current is first seen when stimulation is applied. The initial spike is 

caused by a large influx of sodium ions, showing the fast activation and deactivation of 

the sodium channels. The spike at the end of the pulse results from a continued calcium 

influx as the channels are slowly deactivated before they close. The even line between 

these two spikes is the measured calcium current, which is used in the final graphic 

analysis.
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Sample of sodium and calcium currents recorded

Figure 6. Example of an individual current trace.
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Discussion

By first conducting experiments with the standard cell preparation of superior 

cervical ganglia (SCG), the affecting agonist concentration can be identified and used as 

a control to compare and contrast synaptosome results using these same agonist

concentrations.

The original hypothesis of a dissociation constant with a low micromolar (/zM) 

value was rejected, as gadolinium was found to inhibit calcium current at an even lower 

concentration than was expected. According to the results obtained, the dissociation 

constant of gadolinium (concentration at which half the CaR sites are filled) appears to be 

approximately 100 nM, and the concentration needed for complete blockage of the CaR 

appears to be slightly greater than 1 /zM. More precise approximations could be made 

with the fitting of a logarithmic scale to the analysis, but many more analyses are needed 

to experimentally ascertain accurate concentration values.

The research used to provide the range of gadolinium concentrations used in this 

experiment was done in various neural tissues. The gadolinium concentration estimated 

to completely block the current in rat SCG was very similar to the 2 /zM gadolinium 

concentration that completely blocked high voltage-activated calcium current in mouse 

neocortical neurons (Yu et al. 1997). A major discrepancy in the two experiments, 

however, is that the calcium current in SCG is largely due to N-type calcium channels, an 

intermediate voltage-activated calcium channel, and mouse neocortical neurons have 

fewer N-type in their composition (Martinez-Pinna et al. 2002). The smaller dissociation



23

constant for gadolinium in rat SCG reflects a possible enhanced binding affinity of

calcium to the rat SCG CaR.

CaR isomers could account for the dissociation constant and complete blockage 

concentration discrepancies. In CaR/mGluRl chimeras (extracellular domain of CaR and 

transmembrane domain of mGluRl, a component of a G-coupled protein) expressed in 

Xenopus laevis oocytes, the EC50 (concentration at which the agonist excites current to 

half its maximum) was 2.3 pM gadolinium (Hammerland et al. 1998), a concentration 

basically as large as that estimated to completely block the SCG calcium current.

Since only one graph of data was recorded, the results may be abnormally low; 

the actual dissociation constant of gadolinium for rat SCG may actually be the 

concentration proposed in the hypothesis. Again, many more analyses are needed for

accurate conclusions.

The variation of the CaR in rat SCG in comparison to other tissues, evidenced by 

the different concentrations of gadolinium needed to block CaR-generated current 

(Appendix), gives rise to the possibility of a specific CaR isomer in synaptosomes.

While the tissues of SCG and cerebrocortical neurons are not exact in composition, they 

are similar enough for the SCG effective gadolinium concentrations to provide a 

reference range for experiments with synaptosomes, although the effective concentration 

range in synaptosomes may differ slightly.

Gadolinium remains one of the most well-known and researched CaR agonists, 

and each experiment brings neuroscience a step closer to defining the controls of this 

unique calcium-sensing receptor pathway.
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