




















results underscore the importance ¢ Ca, 1.3 L-type calcium channels in single spike and

burst firing of these cells (Chapter 4).

iii-



























Table 1

List of able

I'he basic electrophysiological properties in dopaminergic cells between

Cavl2L Pe= tyand Cav2DHDP(-"-) mice

-X11-



tJ

(US]

-~

8%

£
to

J

[

List of Fieures

The mesolimbocortical system. .o

The connectivity of the ventral tegmental arca.........oo

Asyne sis of the  curonal connections and their interactions with

cach other in the  atral tegmental arca.....ooooo

The different firir  patterns of dopaminergic neurons.......................

Two electrophysic Hgical markers that I used to identify DA ncurons....

FPL 64176 induces burst firit - of VIA DA cells..oooo oo

[FPL 64176 induc  burst firing independent of glutamate and

GABA ionotropic  eptors. D> DA receptors and imternal................

PKC mediates FPL 64176-induced burst firing.......ooooo i

Proteolytic cleavage of PKC mediates I'PL 641706-induced burst liring. ...

-Xili-

37

38

66

67

08

.09










Figure 4.4.2 Density plotof interspike intervals in Ca, L2DHPY "midee. 121

Figure 4.5 Continuous current clamp recording [rom a representative cell
showing that FPL 64170 (4 M) converted regular tiring to
burst firing which could be blocked by nifedipine (10 pM) in

Ca, 1.2 A T R 122

-XVi-



List of Abbreviations

ACSE artificial cerebrospinal fTuid:

AChR. acetyleholine receptor:

ACh. acetvicholine;

AHP_afterhy perpolarization potential:

CaMKIL, calcium/calmodulin-dependent protein kinase 11;
CV._ coefticient of variance;

CPA, cyclopiazonic acid;

DA, dopamine;

DAG. diacylglycerol:

DA'T. dopamine transporter;

DHP. dihydropyridine:;

EGEP. enhanced green fluorescent protein:

GAD. “utamic acid decarboxylase;

GIRK channel. G protein-acti  ed inwardly reetifying K channel;
VAL high-voltage-activated:

Ii. hyperpolarization-activated — rrent:

ISIs. interspike intervals:

L.DTg. laterodorsal t ental nuelei:

LSD. least significant difference method;

mGluRs. metabotropic glutamate receptors:

-XVii-









significance of L-tvpe caletum channels in the DA systems and (48 the hy potheses of nny

projects.

1.1 The central DA syste 5 1 theirt actions

The Swedish pharmacologist Arvid Carlsson performed a series of” pioneering
studies during the lat 1930%s. which showed that DA is an it ortant transmitter in the
brain (Carlsson. ¢t al.. 1957:Carlsson. ¢t al.. 1938). It was previously believed that DA
was only a precursor of another transmitter, noradrenaline. Arvid Carlsson developed an
assay that made it possible to measure tissue levels of DA with high sensitivity. He found
that DA was concent  ed in  :eific parts of the brain, which led him to the conclusion
that DA is a transmitter in its own right. Since this first discovery that dopamine is an
independent transmitter in the brain and further studies and conclusion that DA plays an
important role in Parkinson’s discase by Arvid Carlsson (Carlsson, 1988). the central DA
systems and their roles in g siological functions have intr' 1ed neuroscier  sts for

several decades.

L.1.1 Brief anatomy

It is known that 70-80% of the DA neurons in the brain are mainly located in three

distinet arcas in the mic rain: the VA (AT0). substantia nigra pars compacta (SNpe. AY)

and the retrorubral tield (A8). The rest of the DA neurons are primarily Tocated in the
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1.2.1 Firing activities and DA transmission

The tunctional importance ol the DA system in the VA is closely related to
changes i DA transmission. DA release is a spike-dependent process like that of other
transmitters: a higher frequency and longer duration of sping increases DA release
(Bean and Roth, 1991). The Tevel of DA at the synapse depends not only on the rate at
which it is released. utalso o how cfficiently it is reuptaken into the terminals. Reduced
reuptake, as in the case of | chostimulants, markedly boosts DA concentration in the
synapse (Horn, 1990). Excitatory synapses on DA terminals also promote DA release
(Sharma and Vijayar: ha )03). Besides the actions at the  :rminal. the cell body of
DA cells in the VTA regula s DA output by changing firii  rates and modes and by
responding to terminal as wie as somatic autoreeeptors (Bunney. ¢t al., 1973:Cubeddu

and tHottfmann, 1982).

Firing patterns, as well  firing rates. play an important role in DA release. DA
neurons exhibit two common firt  patterns: tonic spiking  d bursting (Figure 1.4)
(Grace and Bunney. 1984a:b). Tonic spiking refers to firing at a regular or irregular
frequency that is generally Tower than that of burst firing. Burst firing refers to a cluster of
spikes appearing on a slow undulation of the membrane potential. The frequencey of firing
within a burst is irregular and a burst is usually followed by a pronounced post-burst
hy perpolarization. Based on the measurement of extracetlular DA concentrations i vivo

in VI'A terminal sites, burst firit s shown to release more DA from the terminal than
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expected reward so that a positive signal is delivered to the bram it the reward is better
than expected. no change i the reward is just as expected and negative if less than

expeceted.

[0 sunumary, firing activ - es in the DA neurons signal the occurrence ot novel and
rewarding stimuli. which implies that highly processed information is being passed to the
DA ncurons where the cha of firnactivitics have ceftects on projecting areas related

to differing functions.

1.2.2 Firing regulation

Although it is widely recoy  zed that firing activities of DA neurons in VIA are
important for their  inction. how  ring activities of DA 1 rons are regulated still
remains to be fully understoc  Up to the present, it has been thought that the regulation
of firing activitiecs would result from the interplay ot excitatory and inhibitory
mechanisms at the synaptic level, as well as from discrete intrinsic membrane propertics
at the cellular level. Two ¢ oects ¢ ring activities, firing rate and firing pattern, wall be

discussed below.,






Flectrical stimulation of the medial prefrontal cortex enhances DA neuronal activity
and produces burst firing (Gartano and Groves, 1988:Tong. ¢t . 1990b). Inactivation of
this  projection by cooling of the cortex or administration of  glutamate  receptor
antagonists (Tong. et al.. 1996a) reduces the firing rates and bursting, replacing it with
pacemaker-like activity. Activation of the  PI'g also enhances VA firing activity and
induces burst firing of DA cells (Lokwan, et al.. 1999). Pressure-injected glutamate in the
VTA stimulates the firing rate of DA ¢e¢ . and enhances extracellular DA concentration
in projecting arcas such as the NAc (Suaud-Chagny. ct al., 1992). The cffects of
glutamate are due to three rral groups of glutamate receptors that are expressed on

DA neurons: AMPA, NMDA 1onotropic and metabotropic receptors.

The major effects of gluti  ergic input to DA neurons are mediated by AMPA and
NMDA tonotropic receptors (Mathon, ¢t al., 2003:Overton and Clark, 1997:Wang and
French, 1993a:b). /n vivo studics have shown that application of both AMPA and NMDA
receptor agonists via microiontophoresis increases the tiring rate of spontancously active
DA neurons. Both AMPA ai - NMDA receptor activation incrcases bursting activity in
the SNpc. but the bursting a vity in =+ VI'A appears to be independent of AMPA
receptors (Cherguic o al. 993:Christoftersen and Meltzer,  795:0verton and Clark,
1991:7hang, et al., 1994). Studies in brain slices also show the excitatory effect of these
receptors on DA neurons.  oth ap hcation of AMPA and NMDA evokes an inward
current and increases neuronal firing in a dose-dependent manner (Mereuri. et al.,

1992b:Wang and French. 1993a:b:Wu. et al.. 1994:Wu and Johnson, 1996). However, the


















tosingle-spike firing pattern in DA neurons (Erhardt. et al.. 1998:1rhardt. et al.. 2002).
Conversely. application of GABAy receptor antagonists increases 1A firing and bursting,
and prevents the effects produced by GABA, receptor activation (Chen, et al..
2005:Engberg and Nissbrandt, 1993:Erhardt. et al., 1998:Paladini and Tepper, 1999),
Experiments using brain slices show that GABAy receptor agonists modulate the activity
of DA neurons by activating G,, proteins, the [y dimer dissociates from  the
heterotrimerice protein and binds to GIF -« annels. which are difterentially expressed by
DA and non-DA neurons witl — the VTA (Cruz, et al., 2004). The consequent opening of
these channels allows pota: um outflow. which hyperpolarizes the cell membrane

thereby inhibiting neuronal vity (Cruz., et al., 2004:Watts. ct al.. 19906).

1.2.2.1.3 Cholinergic input

The VTA has a high d ity of cholinergic terminals, indicating that it receives a
substantial cholinergic input (FHenderson and Sherriff. 1991). As detailed in section 1.1.2.
the VTA receives bilateral it rvation from PPTg and 1L.DTg (Figure 1.2, 1.3). regions
rich in cholinergic neurons (Beninato and Spencer. 1987:Bolam. et al.. 1991:Clarke. ot al..

1987:Cornwall, et al.. 1990:Satoh and Fibiger. 19806).

Cholinergic input has been shown to play a vital role in regulating the firing

activities of V'EA D neurons. Electrical stimulation of the P 2 produces an increase in

the number of neurons firit—in a bursting pattern. and this effect is produced only in
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[n the third series of experiments (Chapter 4). 1 tested the hy pothesis that different
subty pes of L=ty pe caleium channels mediate different aspects of the firing activity of DA
neurons, which was also derived from ¢ tirst series of experiments. 1 asked which
subty pes of L-type caleium channels is involved in the spontancous pacemaker firing and
L-channel-induced bursting and whether different subtypes play different roles in the

regulation of firing activity by using the Ca, 1.2 transgenic mouse strain.
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experimental work ar - finished the first draft of the paper. Dr. Nihua Chen contributed

arei v (o the design of the research and the completion and improvement of” the paper.

Chapter 4. titled ~Ca, 1.3 L-type Caleium Channels Mediate Single Spike and Burst
Firt 1 of VIEA DA Neurons in Mice™ is co-authored by Dr. Xihua Chen, Dr. Jules Dore
and  Meghan Har ng. As  the  principle  author. 1 participated inall of the
clectrophysiological experiments and most of the PCR experiments. 1 accomplished the
first draft writing. [ Xihua Chen contributed greatly to the design of the research and
the completion and improver it of the manuscript. Dr. Jules Dore provided substantial
technical training and support in genotyping DIIP knock-in mice using the PCR
technique. Meghan | irding co-worked with me on PCR experiments for breeding and

genotyping the mice.
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Hamden, CT.USA) or a MultiClamp 7008 (Axon Instruments, Foster Citye CAL USA)
amplitier. Signals were sampled at 5 Kz and digitized by DigiData 1320\ using

pPCLANMP (versions 8 and 9) software (Axon Instruments),

Selection  of nystatin-perforated  cell recordings in current clamp mode  was
determined by the size of the action potential. since many VEA cells were spontancously
active. After adequate partitioning of nystatin into the membrane, action potentials
overshot 0 mV an icasured at least 50 mV. Quality of conventional whole-cell
recordings was assessed by a br 7 voltage step (-20 mV. 10 ms) from the holding
potential (-55 mV). Only cells th- had an access resistance of <30 1 2 and an input
resistance of >200 MQ w : included. Cells whose access resistance  increased
significantly during the course of recording (>20%) were discarded. Episodic protocols
were used to induce I, a derive passive characteristi ol the cell such as
current-voltage relationship an  input resistance. Current pulses for I induction were 1
and ¢ intervals between pulses were 8 s to allow complete recovery of Iy, channels. Cells
that displayed a prc ainent I, and an apparent DA-induced hyperpolarization were
identified as putative DA cells (Figure 1.5) (Johnson, et al.. 1992:Tacev. ¢t al.

1989:/Zhang. et al.. 2003).

Components of extracellular and itracellular solutions were purchased from bulk
distributors - Fisher  Scientitic  (Nepean, Ontario. Canada) and VW International

( Missisauga. Ontario, Canada). Al other chemicals were obtained from Sigma (St Louts.





















Ihese resalts suggest that L-type caleium channel opening does not induce burst firing
cither directly through increased glutamatergic transmission or indirecth by way of

GABAergie interncurons in the VAL

Activation of L-ty pe caleium channels may release DA from the soma and dendrites
since this release has been shown to be Ca” -dependent (Beckstead, et al.. 2004:Chen and
Rice. 2001). DA acting at so atoden  itic autoreceptors forms the short-loop negative
feec ack to regulate the excitability of DA cells. 1 therefore examined whether Ds
receptors were inve ced inburst firing. The D) receptor antagonist sulpiride (1-10 1M) .
which itself did not change the firing activity. applied for 10-15 min to 3 burst tiring cells
induced by I'PL 64176 had no  [fect on firing patterns (Figure 2.213). Two cells to which
[0 uM sulpiride was applied for 8 min prior to I'PL 64176 application in the presence off
sulpiride displayed burst firi similar to that induced by FPL. 64176 alone. These data
suggest that L-type « cium « annel activation does not result in somatodendritic DA

release to induce bur firing.

2 .
2.3. Internal Ca™ stores ai it involved

. . . .
Ca™ entry through L-type calcium channels gates ryanodine receptors on internal
2 . 2 L2 - .
Ca™ stores o mediate Ca™ -induced Ca™ release (Berridge. et al. 2003). So 1 tested

whether this was involved in burst firing. Cyclopiazonic acid (CPA) and thapsigargin

were used to inhibit the saree ndoreticulum Ca” =dependent ATPase (SERCA) that

N
(9












Wit orwithout PNEA (1-2 pM) for 20-24 hours followed by I'PL 04170 (4 D) to induce
burst firing. Regardless of incubation conditions. cells Trom these slices were no longer
spontancously active although they were capable of firing action potentials (Figure 2.5.\).
There was no difference in resting membrane potential (control; 30.03:1.36 mV. n 6:
PMA-treated: 48.23:1.38 mV.n 7. 0.03) or input resistance (control: 403.241356.12
MQo n 60 PMA-treated: 2935804293 MQ. n 7. P-0.035) between control and
PMA-treated  groups. PMA-treated  cells had a significantly  smaller  DA-induced
hyperpola ation (control: 12.03+3.43 mV: PMA-treated: 2.9910.67 mV. P<0.05).
Western blots showed a disappearance in PMA-treated slices of a band around 82 kDa
and the concomitant decrease of the PKM band at 45 kDa following FPL 64176 (Figure

2.

I

‘There was a clear differe ¢ in FPL 64176-induced firing between the two groups.
Of 6 cells from control slices. FPL 64176 (4 uM) induced burst firing in 3 (Figure
2.5CT). large membrane pote  al oscillations in 2 and no char : in one cell. Both burst
firing and membrane potential oscillation could be blocked by nifedipine (5 pM). Of 7
cells from PMA-treated slices, FPL 64176 (4 uM) only induced an average membrane
depolarization o7 0.6240.26 mV with no b st firing or membrane potential oscillation in
any of the cells teste (Figure 2.5C2). These data show depletion of PKC decreased the
PKM expression and blocked 2 bursting production. further indicating that PKM levels

parallel bursting fir behavior,



















been assoctated with adrenergie enhancement of 1 -tvpe calcrium channel activity
(Hoogland and Saggau. 2004:van der Hevden, et al. 2005). The involvement ol these
kin es could explain why L-tvpe calcium channels continue operating despite high
. R - .

intracellular Ca™ levels. €7 net phosphorylatton has been suggested o reduce the
R . . . . . . .
Ca™ -dependent inactivation of L-tvpe calcium channels (Budde, et al., 2002). The fact

that burst firing persisted in the presence PG and CaMKIT blockers supports the coneept

that they are not necessary for — a™ -dependent burst tiring.

Fhe striking result that  clerythrine, a PKC catalvtic domain inhibitor. reversibly
blocked burst firing. whercas calphostin €. a regulatory domain inhibitor did not. raised

the possibility that Ca™ intlux through  -type calcium channels activates a PKC-like
kinase or PKC operates in an atypical fashion. Elevated intracellular Ca™ has been shown
to activate calpain (Goll, et ¢ , 2003), a protease that cleaves the PKC catalytic domain
from the regulatory domain (Al and Cohen. 1993:Cressman, et al., 1995:Kishimoto. ct al.,
1983) to generate PKM. My results support this mode of PKC action and its regulation of
burst firing through: 1) L-type calctum channel opencers induced burst firing accompanied
by increased levels of phos) Jated PKM: 2) inhibition of the Ca™ -dependent protease
calpain reduced the Tevel of phosphorylated PRN and concomitantly blocked burst firing:
3) PRM is generally thought to be a proteolytic product of PRC (Al and Cohen,
19¢ Cressman. ¢t al., 19¢ Kishimoto, ¢t al.. 1983) and depletion of PRC isoforms
following prolonged incubation with PMA prevented L-type caleium channel-induced

bur  firing: 4) direct foading of the cell wit purified PKM through the recording pipette
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activation mvolves PRC o mediate facilitation of L-tvpe calcium channels in dissociated

autononmic neurons  from the major pelvie ganglion (Sculptorcanu, ¢t al., 2001).

PKC-mediated  facilitation  of  L-type caleium  channels has not been previously

demonstrated in midbrain DA cells. so my results that PKC inhibitors reduced
. . . c g o R

carbachol-induced increases in nifedipine-sensitive Ca™ currents clearly show that such a

modulation exists in DA cells.

3. 4.2 NMDA- or AMPA-induced excit  ion does not activate PKC to excite DA cells.

NMDA receptor and AMPA  reeeptors with GluR2  subunit  composition  are
peri cable to Ca’  d they undoubtedly depolarize the membrane and increase the
frequency of spiking which promotes Ca®* influx through voltage-gated Ca®' channels.
However. our results clearly show that both glutamatergic agonists did not cause a
PKC-mediated facil  on of L-type calcium channels to bring about their excitatory
actions. My previous study shows that NMDA increases the production of PKM (the
persistently active cati /tic subunit of PKCY in VTA slices (1.7 ¢t al.. 2007), a cascade
that is required for co erting pacemaking firing to bursting in DA c¢ells. Why did PKC
inhibition fail to alter NNMDA-mediated excitation? The crucial ditference between this
paper and our previous results is that in this series | oapplicd NMDA at a lower
concentration (10 uM) for only a bric - period (45 s) so that the response could be washed
out completely within a relative — short time to retest the response in the presence of PRC

inhibition. In our previous work. however, Tused a much h™ et se (20 pM) for a more
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However. it has also been known that the «yfls nAChRs expressed in postsynaptic DA
cells are implicated in repulating the firing activities of DA cells (Sorenson. ot al.. [998)
and behavioral sensitization (Tapper. ot al.. 2004). This paper shows that. besides
ssiotic modulation by nAChRs. nicotine can activate PKC in the postsynaptic cell that
facilitates L-type calcium channel opening to underlic addictive behavior. Both PKC and
[-type calcium channels have been shown to be implicated in addiction and motivation.
FFor example, repeated admin — tration of cocaine increases overall PKC activity in the
VTA (Steketee. et al, 1998). while injection of PKC inhibitors into the VI'A reduces
cocaine-induced DA release in the NAc¢ (Steketee, 1993) and delays the onset of
behavioral  sensitization (S et 1994:1997).  Similarly. repeated  amphetamine
injections increase the expression of «1C L-type calcium channel subunits in the VIA
(Rajadhyaksha, et al.. 2004) and repeated stimulation of [.-type calcium channels in the
VTA mimics the in  ation of behavioral sensitization to cocaine (Licata, et al.. 2000).
while direct injection of L-type calcium channel antagonists into the VII'A attenuates the
development of psychostimulant-induced behavioral sensitization (Licata, ¢t al., 2004).
The  behavioral observations could possibly be explained by our findings in this paper
that cholinergic activation e to PRC activation and T-type calcium  channel
facilitation, which could drive up the DA firing that is required for behavioral

sensitization,
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DNA samples from the PCR reaction were prepared by adding I DNA loading
butter to cach reaction tube, 20 ul. of which was loaded into a 2.5% agarose gel and was
clectrophoresed at 134 mV 1 30 min. DNA bands in the eel were photographed under
UV Hight. W yvields o fragment of 390 bp, Ca, 1.2DHPY? gives a fragment ol 473 bp and

Ca, 2DHPY ? has both fragr s (Figure 4.1).

4.2.3 Slice prepar:  on

The slice prepar ion was the's 1 as that deseribed in 3.2.1.

4.2. Nystatin-perfi  ed patch cl: record

4.2.5 Drugs
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4.2.6 Data analysis

This part was 1 same as that described in 2.2.4 and 3.0.4,

4.3  cesults

Only DA cclls in the VTA identified according to criteria outlined in the Methods

section were included.

4.3.1 DA cells of € 2DHP"™ and WT mice have similar | ic clectrophysiological

propertics (Table 1)

In the WT group. most ¢ s (15 of 27, 35.6%) were spontancously active with single
spike firing at a low basal ti frequency of 0.7210.13 Tz the remainder (12 of 27.
+.4%) was quiescent during bascline recording. Similarly. the majority of cells (27 of
44.61.4%) in Ca,l [pt-) oup showed pacemaker firing during bascline recording
with a similar low frequency of 0.76:0.13 11y (unpaired t test compared to that of W
group. P-0.05): 38.6° of ¢ s (17 of 44) did not spontancously fire. The resting

membrane potentials (RMPs) were similar between the two agroups (-33.94+:1.07 m\' for
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4.3.2 The DHP site  -type  cium channel antagonist reduces single spike firing in

both WT and Ca, 1.2DHPY ™ mice

As mentioned in section 4.1, only Cay 1.2 and Cay 1.3 subty pes are expressed in V1A
DA neurons. both of which are responsive to DHP site agonists and antagonists although
Ca. 3 channels show a relative low responsiveness. As a result, it s difficult to identity
the specific contribution of these L-type caleium channel subtypes 1o physiological

) has a mutant DHP site on the «!1 subunit of Ca, 1.2 L-type

functions. Ca,1.2D
calcium  channels.  which renders DHP modulators practically —incffective  thereby

providing a good tool to study ¢ role of specific subtypes.

Bath application of 10 uM nifedipine, a DHP site L-type calcium channel antagonist.
for 10 min in WT mice decrea basceline firing rate by 20.3+8 o from 0.85+0.17 [1z 10
0.70£0.21 Hz (n 5. paired t test. P<0.05). Nifedipine is a lipophilic drug which is not
casy to wash out, so the tiri  rate kept dropping by 39.1+6.3% to 0.58+0.18 Il7 after
was  ng out nifedip ¢ for 7 n o (paired ttest, P<0.05) (Figure 4.2.1). Nifedipme blocks
both Ca, 1.2 and Ca, 1.3 st ypes in the wild type. this result only underscores the
importance of L-type calcium channels in basal tiring without any clue as to the

individual contributions fromt two subty pes.

Determining which of the subtyvpes drives DA basal tfiring could be tested in

Ca, 1.2DHP™™ mice because both are expressed in DA cells and the DHP site is not
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Parkinson’s discase (Chan, et al. 2007y Moreover. addiction is a learned behay ior and
Cay 1.3 L-channels are also shown to facititate Tearning and memory such as in mediating
the onsolidation of contextually conditioned fear in mice (Mekimney and Murphy.
2000). Taken together, Ca, L3 L-type calcium channels might play a significant role in
central DA transmission and its related  pathologies such us drug abuse. Further
experiments on the ro - of L-ty pe caleium channel subtypes are now possible through the

use of these L-type specific transgenic mouse strains.







































CAndersen and Gazzara, 1996:Laviola, et al.. 2001 Teicher. ot al. 1993), Concerning
L=t ¢ calcium channels, age cffects exist as well. For instance. alter the second postnatal
week inomice, the contribution of Ca, 1.3 L-channels o somatodendritic 1 -channcl
currents increases and at P28, the percentage of Ca, 1.3 L-channel currents increases by
abo 10% compare  with that at P14-17 (Chan. et al., 2007). There is no reference
indicating at what age these developing channels stabilized. Whercas currents attributable
to Cay1.2 L-channel - main la Iy stable (Chan. et al.. 2007). Given that this thesis work
is mostly concerned with the firing behavior of DA cells in acute brain slices. it would be
important to explore whether these age-related changes in the development of the central
DA system as well as in the expression of L-type calcium channels have any significant

infl - nce on DA firing.

DA neurons have been shown in an in vivo study to display progressive increases in
sing  spiking rates i 1 in burst firing occurrence trom birth to carly adolescence (28-35
days old) (Pitts, et i . 1990 Tepper, et al., 1990). when autoreceptors in the midbrain
appear to be functionally mature (War and Pitts. 1993). iring activities are higher
during mid adolescence (35— days old) and decline progressively during adulthood
(75-90 days old) (Freeman. et al.. 1989:1.avin and Drucker-Colin. 1991 ). As introduced in
Chapter 1. DA neurons in acute slice preparations have very different firing patterns in
that they barely di lay burst firing spontancously even with chemical stimulations,

However. Mereu reported that DA neurons in brain slices from immature rats (15-21 days









S.1.3 Recording me  ods use in my thesis work

Fhe perforated patch clamp recording method was used in almost all experiments
with only two exceptions: dialysis of PKM into the recorded cell and isolation of Ca™
currents, both of v ich required conventional whole-cell patch elamp recording tor
intracetlular delivery of the chemical tools. Perforated patch clamp recordings have some
advantages over ¢ ventional whole-cell recordings: the channels formed by nystatin
used in my perforated recordings are smaller and are impermeable to molecules larger
than glucose. which means that only small ions such as Na'. K'. C1” can pass through
while Ca® and sccond messengers can not. Therefore, recordings can be conducted
without dialyzing in ortant substances from the cell’s cytoplasm. Currents run down
signiticantly more slowly and sccond-messenger cascades and mechanisms important to
cell signaling and chi  nel regulation are kept operative (Iu, et al.. 2003). The reason that
I observed L-type calctum channel bursting could be due to the perforated recording |
used in these experiments. As  detailed in previous  chapters. L-type  calcium
chai cl-induced bursting was dependent on Ca’" and intracellular signaling molecules
such as PKM. which are casily dialvzed in conventional whole-cell recording but remain

perfectly intact in perforated recording.
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hy pothesis and tound that Ca, 1.3 L-type caleium channels mediated regular fiving and
play ed a crucial role in burst firing. In mice whose Ca, 1.2 L-type calerum channels have a
dramatically reduced sensitivity to DHP. the DHP site L-type caleium channel opener
(S)-(-)-Bay K044 induced 1 st firing. Similarly. firing induced by a non-DHP site
L-type caleium channel opener could be blocked by the DHP site I-channel inhibitor
nifedipine. Al of these results strongly suggest a dominant role for Ca,1.3 in mediating

burst firing of DA ncurons in brain slices.

To establish L-type calcium channel-induced bursting as a valid i intro model. one
wor I need to examine functic il correlations of the induced burst firing and DA-related
pathologies. While the notion  at L-type caleium channel-induced bursting as a basis of
enhanced DA transmission in discases is yet to be explored. it is known, however. that
I-type calein  che s are i Olicated in addiction and other discases. For example,
repeated amphetamine injections increase the expression of w1 L-type caleium channel
subunits in the VTA (Rajadhyaksha. ¢t al.. 2004) and repeated stimulation of L-type
calcium channels in the VTA mimics the initiation of behavioral sensitization to cocaine
(Licata. et al.. 2000). while direet injection of |-ty pe calcium channel antagonists into the
VIA attenuates the development of psychostimulant-induced behavioral sensitization
(Lic acctal, 2004). L-type ¢ cium channels can mediate all of these behaviors by their
role inregulating the pacemic :r and burst firing reported in my thesis work because burst

firing clevates terminal field  \le s more efficiently and all of these behay jors arise
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frequencies and in some cells. burst firing (Korothova, et al.. 2003) In addition. it has
been reported that orexin .\ activates PRC to inerease internal Ca™ concentration in DA
neu ns of the VI (Uramura, et al. 2001) and orexin 13 augments [-type caleium
currents via a PRKC signaling pathway (Nu. et al.. 2003). [t will be interesting to know
whether an orexin-PRKC-L-type calcium channel signaling pathway is imolved in the

regt tion of DA firing activitics.
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