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nicotine use. 3 been linked »

cancer and lung diseases from bronchitis o lung cancer, but it Kill 40,000 Canadians every year.

pa y with addicton: cells in the

oy and
Adicton formation. Previously. our lab invesi i firng of ventrsl

s burst

fiing la igh "
hown to be crucial in ventral burst firing
activation. in .
burst i he.

the central dopamine system in behaving animals remains open.

Nicotine is known to decrease anity in chronie smokers and is generaly followed by

I order o test what role Litype calcium channels have in icotine addiction, two transgenic.

i o i subtype Cay1.3 (Ca,1.3-2) and

theat DHP sie n th Cay | 2DHP-1). We tested

cal

ety levels following nicotine testment and blockade of the Ca, .3 subtype. The conditional

them.



1 2DHP-L 3

‘comparcd 10 wildtype mice. Nicotine was anxiolyte acutely (following one day of tratmen) in

Cal 2DHP-/- mic

effects. Uy on of nifedipine, an L DHP

meshanism of acton only is ble o block Ca,1.3 due to Ca, .2 mice being DIP insensitve),

. while Ca, | 2DHP. 3

indicating that Ca,1.3 subtype may play alesse rol in anxiety than Ca, 12,

Wildtype and Ca, | 2DHP-

100 seconds Nifdipine

Ca 1 2DHP-/- and wil 1. 2and Ca,1.3) mice

al

preference. However, when Cagl.3-/+ mice were tested fornicotine preference, their conditioned

place preence was similar o that in willtype and Cay | 2DHP-/- mice. Further work s necded

conditioning.

the Laype calc subtype Ca, .2 may be

. while Cay1.3, when preser in

IXEVE

pensatory type subtypes o
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Chapter |

Introduction

L1 Nicotine ady

n and its mechanisms of action

LLLL1. Nicotine, is it highly addictive?

order brough

by the drug being depleted i ther system (Chen et al, 2009; Nichaus, Ceu

ermudez et al

2009) Drugs ofabuse,alon with natural ewards such as food and water,are known (0 have the

referrd to

causing asting change

properies. So why

cognitive actvites (Piciotto 2003).



«

for stroke, cancer . alor, To putthis
into context, 2006). One must
besein mind, ha some of

cessory Eveah

. which

base, it does not

I order to be rap into the lungs,

Hukkanen et al. 2009). ONS)

orall

concentrarion the fustest (Biala 2003; Biala and Budzynska 2006; Berowitz, Hukkanen et al

2009, which logi ol The

amount of nicotine absorbed from cigarete smoking is pproximately 1-1.5 mg (Benowitz,
Hukkanen et al. 2009), which s slighty higher than the dose given in most nicotin-relaed

however, the dose used b

sz (Grabus, Martin et al. 2006; Kota, Martn et al. 2007; Portugal and Gould 2009),



1.1.2. Nicotine addiction and the meso

The ey connetion between all drugs of sbuse s that they ulimately at o relese
dopamine from he venral ¢ 12009
the v
continuaton of hesth risk

accumbens (NAC) (Mifsud, Hermandez et al. 1989), while Yoshida et al. (1993) showed that the

DA increase was elic ! i VTA (Yoshida, Yokoo et

al.1993; Rowell and Volk 2004).

Isin the VTA. Upon

application of nicotine within the VTA, GABA neurons were shown to fist ineresse irng,

howe ChRs) on GAB)

Matteo, Perucei et al

allowing DA cells to be disinhibited (Mansvelder, Keath e al, 2002;

hibiton of DA neurons allows either firing to

2007 Niehaus, Cruz-Bermuder et al, 2009). i

occurinthe first place or o continue for an extended period of ime. However, nACHRS located

Is:these

lowing =

DA neurons (Mansvelder, Keath et al. 2002; Nichaus, Cruz-Bermudez et al, 2009), Following

nicotine use, GABA's nhibition on DA neurons is decreased and glutamate’s longer

input 0 DA neurons al lead DA neuron f

dopamine o the NAc and einforcing nicotine addiction.



al tegmental area

They are small 1o
1982)
2002; Adel and 2004
D, he VTA
requency
P ivity and longer action
(Neuhof, Neu et al. 2002), which s distint from GABAergic cell. Action potentials are:
butD) .
fire, 10-60 mV (G 1989: Muele
and Brodic 1989)
Spike i : tensity, which allows a higher elease of DA at

the terminal, which

Burst-

burst-iring

reuptake transportrs and also reduces inhibiton of autoreeeptors (Liu, Dore ct al
2007). DA i

o i influx,

povel or salient stimuli, such
asthe

roduction of a drug (Korotkova, Ponomarenko et al. 2004; Goto, Otani et al. 2007; Li,



Dore et al. 2007). Behaviorally the link between burst firing scen in vitro and that s

work I reward is unexpected.

midbrain DA i bowever,if b

i) and can be extinguished.

. DA neurons b

‘committing it to memory (Grillner and Mercur 2002).

nds0
logial as, may e t0
major
o DA and GABA el
within the VT MeGelce 2000 e 2006) ACHRs e

B, i and Kumaresan

2006).as well as the amydala and hippocanmpus,

» arik and W 200
« dependi s ot Dur
e resting stat, . agonist i not oscupied, while

is open,

state when the channel s closed, bt the agonis s still bound with high aTiity, while the



Tpp—

2009

(Le Novere, Grutter et al. 2002). Within the VTA, DA cell bodies have adaSp2, a7, ada6asp2.

4 GABA cell daif2
GABA and D eciotto 2003; Wonnacott Sidhy 1. 2005; Pierce and
Kumaresan 200¢

wilization of R subunis.In Yang et al. 2009)

RACHRS in whi t0 be crucial for

e reinforcement (Yang, Hu et l. 2009)

atenuated nicot

e sell-administration, along with decreased VTA DA activity (P

erce and.
Kumaresan 2006). An upregulaton following ehronic icotine abuse is seen in nACHR subtype

aip.

2005; Wonnacatt

Sidhpura et a. 200 ChR

is important as

1 y i ticuton, while ather
subtypes,such s in muscles, remain unchanged,

hat the VTA is erucial

in DA release. Fuet

VTAand Nac,

DA

indicating the VTA i

itcal in the addicton pathway (Fu, Matta et al. 2000). In addition,
nACH

the D/ Ve etal. 2005). Ni ChRs med




wion of protein Kinase M (PKM), inducing burst-firng.

entry nto DA neurons, causing acti

(Zhang, i etal. 2 c

adhyaksha and Kosofsky 2005). Activation of nACHRS stimulates calcium through processes

nACH Liu ctol. 2005), Research

alters Ca’

LTCC and mediates an increase in irng of DAergic neurons (Liu and Chen 2008). This led to

the hyporthesis that if LTCC are essentialin VTA DA firng, then they may be vita t the

el and

decreased appetit.

114, Calcium channels in addietion

The importance of Cain the control of DA neuron firng has been previously shown in

our b in experiments in which carbachal,  cholinergic agonist, was shown to induce burs

in DA newrons

inly by Ca™* cntry through LTCC (Zhang, Liu et al, 2005). Buest iring s

terminal, facilitating DA release, ca ation of the

(Gonon 1988; Liu, Dore et al. 2007). Therefore,if urstng increases DA relcase from the VIA

and calcium plays & major role in bursting, eading to the rinforcement of addicion, then




m channels: L-type calcium channels

121 Ltype caleium channel propes

Lrce jor organ system,

lark, Nagano et al. 2003; Elmslic

2004; Striessnig. Koschak et a. 2006), U Lice:

(DHP) site (Striessnig, Koschak et al.2006). Caleium influx through LTCCs, ocated on neuron

cell play a vial

1993; Hetzer etall 2006), which i key in reinforcing.
adicion and reward (Giordano, Satpute et al. 2006).
LTCCS have four subtypes, Cay 1.1, Cay1.2, Cavl 3 and Cay L4 (Striessnig, Koschak et

200

fessnig and Koschak 2008), which have thre

G aydand fanday

Cal.1 2005, gand

Koschak 2008). The a is which

depolarization. The drug binding domain for modulators of LTCCs is located within the

subunit (Clark, Nagano et al. 2003 He 2006; Striessnig and

Koschak 2008) ¢ for channel




Jong with individualizing he ay subui

2008). Lype

i

(Tikhonow and Zhorov 2009,

122, Ltype

Lice

how they fit i y

ine)nicotine place preference was prevented from

pretreatment with an LTCC antagonist (o

occurring (Biala 2003; Biaka and Budzynska 2006).

Pretreatment

¢ nicotine effects, along

with 8 LTCC antagonist was shown 10 block both shor-term anxioger

d Budzynska 2006). The

with tleranece from repeated use and ansiolytic effeets ([iak

involvement of LTCCs s by

are implicated in b jecti Tec
activator BayK 864 into the VTA was shown to cause behavioral sensiization, through a non-

ADA has o effect (Licata,

lhe VTA,

Freeman et al. 2000, g that LTCC L

o modulite DA cell synaptic activit. Ca® release from internal

cieuitry. LTCCs are kno



plasma m

brane (Liv, Dor et al. 2007) and p

a role in lomg-term potentiation (LTP)

(Fourcaudor, Gambino et al. 2009; MeKinney

Sze etal. 2009).

Despite the importance of LTCC subtypes Ca, 1.2 and Cay1.3, they are pharmacologically

an be targeted individually. Despite reports th
NMDA receptors play a ey
curons within the VTA (Licata, Freer 1. 2000)

shown that locking AMPA, NMDA or GABAa befors or afer LTCC activation did not hinder

i curons, showing that LTCC i hutamate
Liu, Dore etal. 2007). LTCC antagonist have boen
Mercuri 2002
Lrce i firing and
is required
Howerer, wi LTCC suby for
I we further

understand how 1o difTerentiate between the wo.



type calcium ol

1230, Calt

s located within the transverse tbules of skelctal

Litype Ca™ subtype Ca, L1 (alS

muscle followsd by
y » Clark,
Nagano et al. 2003: Siressnig and Koschak 2008). TCC subtype Ca, L1 suffer

ity (Stressnig. Bolz et ol

from hypokalemic paralysis and hypothermia insensi

232 Cal2

LTCC subtype Cay1 2 (@1C)is present i the CNS (neurons), cardiovasculr system

Westenbrock ctal. 1993; Barg. Ma et al. 2001; Striessnig. Koschak et a. 2006). Within the.

b, subtype Ca, 2 is believed 4l LTCCs presnt,
are Ca | Hetzenauer et

2004, Caleium entey LTCCS affect neuronal function o

tanserip Pajvani et al. 2001) s they a o

1993), along with

e i the VA (Liu and Chen

2008). Activation of LTCC subtype Cau1.2 oce y-25my



2001) and has ben linked to LTP in hippocampal neurons and spatial memory (Sinn

Brauns, Huber et al. 2009). Both Cay 1.2 and Ca, .3 are pharmacologic

therere Bt o i s aton s
necessary inonder . aldicion nd o

e channel »
individually,

i s located within the

LTCC subiype Cay 1.3 (D) s argely colocalized with Ca, |

Ca,l3-

heart, specifically 2
deficient mice suffer from bradycardia and arhythmias (Platzer, Engel et al. 2000; Clark,

Nagano et al. 2003; Stiessnig. Koschak et al. 2006), in neurons of

the CN, e cells and cochicar hair cell. Mice defcient of LTCC subiype Cay .3 are

deaf, a cells

(Platzer, Engel ctal. 2000). Despite allthese deficiencies, Ca, 1.3 (--)mrice o not show any
‘ross anatomical o motor function impiments (Platzer, Engel et l. 2000),

One intersting finding of the Stressnig group is that mice lacking the Ca, 1.3 subtype.

hehavior, Caul 3 in playing o

i withdrawa from

major roe indisorders such as addiction, menta llnesses (depression

Koschak et al. 2006; Busquet, Khoi Nguyen et al. 2009, The Ca,1.3 LTCC

an Ca, 12 (X and

Lipscombe 2001), Ca, 13 b a1 2in pC



&

low . Fu et al. 2006), which may be

due o their ower. Anegative

allows Ca, 13, during weak depolai

5 to medite a longer aleium influx (Koschak,
Reimer et al 2001),

Since Ca,1.3 membrane voltage than Ca, 1.2, and be

they are p s Bolzetal

Platze, Engel ctal. 2000; Sinnegger-Brauns, Huber et a. 2009), Cay 1.3 m

prove o be more

1234, Cald

LTCC subtype Cay .4 (wl ) i confined t0 the reting and understanding what role Ca, |4

b i the e

cal

night blndness,

reduced day visi S Bolzet

al Boyeot, Pearce et al. 2000). LTCC subtype Cay L4 s the main channe

otolling

wl photoreeept

Bolz et al), which explains the congenita stationary night blindness.



124 Letype calcium channels mouse models

Canl.2and Ca, 1.3 differ in activation threshold and sensitvity to DHP modulaors;
b B ke especially in
functional potential s not possibe. e
and their various functions separately. Snce LTCC subtype Co, 1.2 is essential for e,

‘compltely deleting it from the genome was not feasible. LTCC Cay | 2DHP-/- complete

Specht et al. 2000). Thereorein order o investigate Cay1.2,a point mutation from thrconine o

subunit w ste. Cal.

butdo not respond ch as Bayk due

t0:aloss of high affinity binding to the DHP ste (Striessnig, Koschak et al. 2006). This allows

for the differentiation of LTCC subtypes in functional sudics: the ole of Ca, 1.3 wil be revealed

whena pplied. L

DHP-sensitve porion of  response between wikdype and the Ca, 1.2 mutants,

The second mouse model used in these experiments s a complete LTCC subtype Cay1 3

Knockout.In Ca, 1.3 homozygous resessive mice the Ca, 1.3 al subunit gene CACNATD was

interup y inexon 2 (Striessnig, Koschak et al. 2006).

This deletion leaves Ca 1.3+~ mice with 50 LTCC sublype Cay1.3 and therefore alleffcts seen

LTCC subtype Cal 2. As

previouslystated in section 1.23.3, Cay1.3-- mice suffer from bradycardia and deafiness,and

display antidepressant-ike behavior, but otherwise respond normally n testing both behaviorally

and electophysiologically.




1.3, Behavioral testing of L-type ealeium ch

addiction.

used a Many

relevant and ficaly, mice and

al tests that

animal, s they are casy to house and reproduce quickly. Developing behay

ptoms of mental illnesses and ke d because of i
ave been a primary focus of euroscientists escarch since the 19505, The EPM, the light dark

box,the open field g

unconditined aniety or stres responses (Rodgers and Dalvi 1997). Both legal and illgal

drugs have been tested frequently in the conditioned place preference (CPP) paradigm, usng i.v.

. Grabus, Martin t al. 200 A 1995), which

adrug. Te using diffrent

" d e ' jor aspects of why

anxiety. How 1o model

may the study as interiewing ther ble. Ther




16

‘modeland investigate what role LTCCs play in ansiety and addictive propertes of nicotin the

EPMand CPP behavioral The EPM is a widely
s o4 evel and locomtor change.
fistshown i the CPP i the test ¢

an individual drug,

13.1. Elevated Plus Maze

elecric shock, 1o induce fear has led 0 using tests such asthe EPM. The EPM iself s based on

studies that ditioned behavi igers and Dalvi 1997).

dure by Montge

d open arcas, s they willinherently try and seck out closed

he ERAL i
explor ivated: bowever, boh

the open ey wender igher e

¥ 1955), Thereore,  own
cvoking pain and fea unnaturaly (Monigomery 1955; Pllo, Chopin et . 1995; Rodgers and
Datvi 1997),
Xemaze, ised 70

consisting of 4 s, .y and Mitha 1984
1997, Monigomery en.

d hisis the maze that iy today as the EPM,




Pellow etal el

administered drugs such as caffeine and amphetamine, within the EPM paradig. The ansiolytic

thatle y i Chopin et al. 1985;

Rodgers and Dalvi 1997). L

Instiute of ister 1987),

mice have the same basic fear and exploration instncts.

y Nicotine,

producing

increases n open arm time (Brion e

al, 1993; Biala et al, 2009; Balerio et al, 2005). The EPM

w
Bialaand Budzynska 2006; Bialaand Kruk 2009), Bisl .
with DA fornAC
time) efects of
Kk 2009). Th El i i . such

s the fimbie regions, amygdala, and hippocampus (Walf and Frye 2007), which have

ear and anxicty, but adk

formation

Behavioral tests. such as the EPM, alow roder

‘models of nicotine addiction 0 be used o




1.3.2. Cond

ned place preference

The CPP came i 19805, over 35 years

2005), e
‘conditioning in which an uncondiioned stimulus, in this case the drug or non-drug treament, is

or seeif drug

en (Tzschentke 1998) as indexed by the animal spending more time in the drug-paired

chamber. The main

VA and NAc, however the medial nuceus,
venial > Fdrugs (Taschentke 1999)
Asinthe EPM,the CPP d iy ead it
contolor drug cormpound, & placed i the CPP

Thect . including

nicotine, amphetamines and cocaine.

Both Biala et al. (2003) and Risinger (1995) tested mice n the CPP and found they.

place pr for, a 1995 Biaka 2003). Place

preference in cach study s determined by comparing baseline time spent in cach chamber before

chamber

(Trschentke 1998; Grabus, Martin et al. 2006). The CPP displays drug place preference as more

o test treatments for acklictions within this paradigm.



1.3.3. How VTA DA burst firing relates o the behavioral aspets of

e addiction.

firng in VTA DA et . which

Liu etal. 2005). Rescarch has.

neurons.such as NMDA receptors, whereas others have focused on LTCCs, which have

2003; Eaton, Macias et .

2004 Biala and Budzynska 2006),

Inorder to conncet what is seen electrophysiologically regarding LTCCs role in VIA DA

neurons, o what gocs on

studied. I i hypothesized that nicotine’s method of a

ion following binding to nACHRS an

- i Micient way of i . through LTP,

Hower

ing, which channels led t ascade iitation and DA burs firng stil emins clusive. So the

e LTCC ih "

firng of VTA DA neurons and iniiating and perpetuating nicotine addiction”




4. Rationale and Hypothesis

LA Lotype calcium channels role in nicotine addiction

Lrce! burst

ring of D

possibility that LTCC may Nicotine’

tested by Biala et al. (2006) through LTCC antagonist prete

et n mice treated repeatedly

with nicoi

. found that LTCC antagonists prevented nicotine’s ansiogenic and anviolytic

2006). Nicotine’

he CPP. 2 dy. which showed

STBL/6] mice,

Lrce s rabus, Mar

netal. 2006;

Striessig, Koschak et al. 2006). Ca, 1.3 appears to b postioned 10 play & more prominent role:

12.due 00 Jeadi er probabilty o

participating in LTCC-induced burst-fsing, Ca®* influ, rsultng in LTP formation (Koschak.

Reimer etal. 2001; Hellon, Xu et al. 2005),

firing within the

. which . acivates

LTCe:

Whether Ca, 1.2 or Ca 13 had a stronger rol in nicotine addiction, using two transgenic mouse

models testing them in behavorial paradigms.




1.4.2. Hypothesis to be tested

n

antagonists, using WT and Ca, | 2DHP-/- mice within the EPM

2) Which LTCC subtype, Cay1.2 and Ca, .3 medise chronic nicotine’

et

ested i the EPM using WT and Ca, 1 2DHP-- mice?

» ine’s ce ac

e the
€a13 LTCC subtype and testing whether this LTCC subiype is more vital to

nicotine reward than C




Chapter 2
ethods
2.1 Animals.
B B .
a CSTBLII background. Wiklype (W) mice were purchased from Charles Rier Canads,
Iy provided by D of nnsbruck, 1
Al
» Animl Care C e
Newfoundiand Mice @ '
i room on  12-hour lightdark eycle with tempersture mainained o 24
2.1.1. Transgenic mice strains
Both
bred o the CSTBLISS W mice were

brought in from Charles River every 6-8 months and inroduced into the stain to provide a
the Ca,1.2 subtype

ic pool. The Ca, 1 2DHP - mice carry an insensitive DHP ste

varied g

by



Teavingthe Cay1.2 channel not responsive o DHP agonists (BayK) or antagonists i ¢

nifdipine, nimodip

. whilethe Cay1.3 channelis sl responsive to DHP agonist or
antagonists. The Ca, .3 strain s a Cay 1.3 knock-out that does not have the Ca, 13 subtype in

thir genome. While there are no known defcits in the Ca, | 2DHP-/- strsin the Ca, 1.3 -~ mice

like behavior (Clark,

Nagano et al. 200;

s, Koschak et al. 2006; Busquet, Khoi Neuyen et al. 2009).

2.1.2. Breeding pairs

Brecding pairs were kept together or i and thei pups were removed at 21 days old.

p Section 2.2.). Mice were houser sex siblings

‘roups of 24 unil they i testing, at which pointthey were.

oused separately one day before handling. Ca, 13-~ females were poor breeders because they

often e t0 attend 1o the pups. To increase the yield of Cay 1.3

pups.a breeding group
consisting ofa hetcrozyizous female (+/), Cay1.3-- emale and Ca, 1.3+ male was established,
Inour experience, inclusion ofa heterozygous female helped pup survival by that Female

retseving and nest tend

12 ot only e own pups, but also pups born 0 the Co, 13-~ mother,



2.2. Genotyping

2.2.1. DNA extraction and puri

because only WT, Carl 2and Ca, 1.
Mice were ge imaely a The il
was placed Wl y Fisher Scientific, PA, USA) with

4% protenese K. Tubes were put on a otator at S0°C and 120 rpm overnight, followed by

centrifugation for 30 min at 15,000 pm. The supernatant was collcted and 950 il of 100%

ethanol was added followed by precipitation of DNA at -20°C for 1.2 hrs. It was then

centrifiged at 4°C at 15,000 rpm for 30 min and the pelet was saved and drcd in a speed
vacuum concentator (Savant) for 5-20 min. 50- 150 u TE. pH 8.0, was added o dissolve the

DNA ina 70°C water bath for 3-4 hrs, or uniil completely dissolved. DNA was stored ina -20°C

I order 10 do DNA extraction, 60-80 ul of the disalved DNA was wsed while 20 il was.

reserved. For extraction approximately 60-80 il of chlorofornyisoamy! was added, vortexed and

spun at 13,000 g for | min and then the supernatant was removed and set aside. This was done

tice more, or i Then y

s rexed. 13000 x g for | permatant wa

removed and kept 10 be used for PCR.



222.PCR

Al solutions were prepared on ice. To optimize the amount o template, DNA was.

diluted s follows: Ca, | 2DHP-- 1:10 and.

34 15 of DNA to double de

red water.

Fither 3 or 5yl of DNA respectively

was aded to cach corresponding vial. The PCR reaction

was gently mixed and capped by a drop of mineral oil (Sigma, St Louis, USA). Ca, 13+ PCR

had ah R °C before placng the

P eyeles
(Cay 2DHP-/- PCRS were run as follows: 94°C for 5 min, fllowed by 30 se st 94°C, 30 sec at

64 and 30 sec a 72°C for 3 X

L Caul 3+ mice were "

94°C for 5 min, followed by | min at 94

in a1 S5°C and then 40 sec at 72°C for 32 cyeles

and then held at 4°C.

223, Gel electrophoresis

A 2.5% agarose (Fisher Scientific, PA, USA) gel was prepared (1.75 g with 75 ml TAE

When the

ly 05 pg/mi ethidium Scientifc, PA, USA) was

dded and 10 5¢t, making sure

& buffer of 1*TAE was




%
: !

DNA samples were prepared by adding 3 il

30 ) or $ il (nto 50 ) of 10 X DNA

loading dye to cach tube, for Ca,1.2

4 Ca 1.3 PR respectively. 20 l of cach reaction was

Toaded into cach well and run along side of 10 ul of DNA ladder. DNA ladder was made from 20

il of DNA ladder stock (Biolabs, New England), 70 ul of TE plt 8 and 10 ul of loading dye. The

reaction was runat 160 mV uniil the DNA ran through he gel

2.2.4. Genotyping Chemical

2241 TE and TAE

TE was made by adding 10 mM Tris-HCland | mM EDTA together and then bringi

10 pHH 8. TAE was first made from a S0 X TAE stock (242 g of Tri base (2M Tris final

concentration) and S7.1 ml of lacial acetc acid with 100 ml of .5M EDTA pH 8 (1 mM EDTA

I concentration).

Lysis buffer

Lysisbuler of 100 m was made from 10 mi of 1M Tris-HCI pH 80, 1 ml 0.5M EDTA
PHS.0, 1l oF 20% SDS, 4 mi of M NaCl and 84 mi of H20, which had been through reverse

osmosis and deionized.



Ca L2DHP-- genotyping reaction misture

22 0 H20 was aded 0.0 small twbe, ollowed by 3l of 10°buller (with M)

s (02 M Lovup? primer (5™

(Invtrogen, USA), 0.6 w of ANTP. 0.9 u of Kl pr

A).02 M Sereenl

TCCTGCACTTAGGTAAGATGCAAAGGC-3) (Fisher Scientifc, PA. US

primer (5"-GAACATGAACTGCAGCAGAGTGGT-3') (Fisher Scientiic, PA, USA), 02 M

IAACATGAACTGCAGCAGAGTGTA-') (Fisher Scicntifc, PA, USA)),

alewtprimer (5

20°C freczer until use and

and finaly 0.5 l of Taq (Invitrogen, USA), which was kept

“The total reaction mixture for cach DNA sample was 27 u, with 3

whilein use was kept on
R tubes.

WlofDN:

2244, Ca,1.3 knockout genotype reaction mixture

367 4l o H20 s added t0: small b, folowed by 5 yl of 10¥buffer (with Mg), 1 of

\CTATGCAAGAGGCACC-

ANTP, 18l of KO pri il Exonups pri
30,05 l Exon2 Lower

.08 imer (5" TTCCATTTGTCACGTCCTG

primer (5"-GOGAGAGAGATCCTACAGGTGG-3" (Fisher Scientific), PA, USA)) and finally

0.5 ul of Taq (Biolabs, New England, USA), whieh was kept in a-20°C freczer until use and

i The mixtue for " 45yl and f

h Cay1.3 mouse DNA was added 10 cach tube.

of the mixture nto PCR tubes, § ul of e



Elevated Plus Maze

Elevated Plus Maze design

The EPM was based on a design outlined by Biala et sl (2006) (iala and Budzynska
2006). The maze was designed like a “plus” siy

withto open ams (30 x § ), o closd

amms (0x 5 x plattorm 5 x Budzynska 2006) The floor

’ s, he
dark 2

inside for the closed ams. s is used for the foor in order
o distinguish the black mice on the recording.

2.3.2. Elevated Plus Maze procedure

Male Ca, L 2DHP- and W

mice (age 812 weeks 0ld) were used inthe EPM. Mice.
were individually housed one day before handling began. They were handled for 3 min ach day.

for 3 consecutive days, prior (0 the start of testing. Handling consisted of mice being genly
stroked and gripped and placed

Ontestng days 1,7

nifedipine (Sigma, St.Louis, USA) 10 mgkg/10

L ollowed 15 min later by subeutancous (s..)
injection ofsalne (10 mikg) or icotine (Sigma, St Louis, USA) 0.1 1
Smin

JKg/10 mi. On test days.




ther exploration was recorded by video camera for 10 min. On days 2-6 mice were inected as

e i theinection. A mouse was
an open o los al four pavs
as wiped clea between rals with diferent
» follow: Control Controlor aline for p.and

.. ControlNicotine or C/N (salineip. with nicotine .c.), LTCC/Nicotine or LTCCN

«

fedipine ip. with icotine ..

2.3.3. Elevated Plus Maze chemicals

bo L.
Nicotine (0.1 Sigma, St Louis, USA) was
Biaa and Budzynska 2006). i 120 l aliquots and

thawed when necded. then 1.08 ml of sline was added to bring it 1 the

orrect dosage.

L s . (Biaka and
Budzynska 2006) in a 30% PEG2% DMSO solution. Aliquats of 120 yl of nifedipine were

made, frozen and thawed when needed, when |08 ml of vehicle was aded to bring it to the

proper dose. The control 30% PEG/ s PEG

was made fr Laboratories Lid. Quebee) and New

ersey) o give a

30% PEG. DMSO (Sigma, St.L




24, Conditioned P

Preference

2.4.1. Conditioned Place Preference design

The CPP was based. i

50 20.% 20 cm (engih, width, height) and

that which when

a4 mm metal rods spaced 3.35 mim apart and the walls had  vertical black and white strpe.

desiy

and the walls had a ! pe desiy ien chambers were

made and then taped onto the outsde of the box i order o keep them from becoming &

disiaction for The Nooring of

itappeared as if foors. This allowed

the mice to be non-bi

ed when placad n the cental chamber for § min. The sides of the central

" Each side bo 20%20 % 20 em, and

it the doors included measured 10 % 20 x 20 em. The floor was removable in oder t allow

thorough eleaning.



2.42. Conditioned Place Preference procedure

Male Ca, 1 2DHP-/- and WT mice (age 8-12 weeks old) and Cay1 3+ (8-24 weeks old)

were used in the CPP test. Cayl.3-/- mice had a wider range o

es due to difficulty in

b
The CPP procedure
s etal. 2 i tarin et al. 2006).
One day priorto handi andi
oftesting i which
ah i
for 1 min, gently. Mice were
hei unil 430 AL at which
they were moved back ntotheir olding rooms.
Onday1 p 4110 AM and th

for S min.

removed and they frely explored the chamber for 15 min while being recorded. Any mouse that

ada biasratio for cther si

Ondays 24

was given (0 all

conditoning.

followed by
el placing

30 min.

the last mouse
was tested forthe day. Afe

were cither sali

for control mice, ornicotine (0.5 mg/10 mikg),for mice i the drug




Nifedipine or PEG control solution (10 me/10 mlkg) was given 15 min prior o saline or

nicotne, and mice were injected and then placed i their home cage for the 15 min. The

Onday S the p

day1

place

preference oceurred. The mouse groups we

as follaws: Control Control or C/C saline for ..

)» ControlN oN ). Control Conrol with PEG

orcic ine for s.c. and PEG ... C i G or CN with PEG

(saline and nicotine .c. with PEG i) Control/Nicotine with LTCC or C/N with LTCC (saline

S withnifedipine (LTCC) ..

2.43. Con

joned Place Preference che

NaClogivea

09% NaCl. for

Nicotine

Stiouis. line an Nifed
(10 mgk/ 10 mi) (Sigma, St Louis, USA) was adminisiered i p. (3ala 2003) n o 30% PEG

(New Jersey, USAY2% DMSO (Sigma, St Louis, USA) solution. The control for i

the 30% PEG/ 2

DMSO (sce section 2.52) solution adiministered at 10 me/ke/10 ml



25, Data and statistical analysis

the mean

hree-nay \ 0 compare groups

setat p<0.05. For comparing

differences between two time

25.1. Genotyping

he g

was removed i placed ona

luorescentlight bo n order for the bands to appear. Then, according to the DNA ladder, which

Tables 1 and 2,

1 any bands were too light they were then placed back to soak in  higher concentration of

2030 i, Iy o were
100 light were discarded and the gels were rerun. See Tables | and 2 for Cay 1 2DIP and Cay 1.3

band results.



25.2.1. Open/closed arm time and entries

Open arm time i the standard 1o quantify anicty withi

pen am time . muliplicd by 100 0 gve a

percntage. .
Budzynska 2006). i, the data
To0%, b

‘compare the drug group, expressed as percentage.

ANOVAS were performed on relevant groups and ttests we

¢ used to determine

s Closed am

o comparison to open arm

enties, respecively

2522 Stretch attend and head dips

forwand



then retracing tothei original postion. Protected head dips are when a mouse siretches from

hin the closed arm, e original position inside

the closed the open arm, while in

the open amm. Al four types of stetch atends and head dips were counted during the first  min

inthe Blanchard et al, 2004). Siretch

which was set ot p<0.0

253.cep
Martn et l. 2006) 8 the mice
I side during a 15 min
st My tes
sol

i were used in th

included as negative values, and upon totaling the values from all mice if there was  positive.

Value over 100 seconds that was considered a place proference.

1 videos, if

128 were injected), they were excluded from

the experiment. Any ertor in procedure was noted in the animal log during the experiment and

from the day | time (baseline,







Senotyping

in the Section 2. . DNA

223)inorder genotyy

301 Cal2

igure 1 the bands are distinguishable against a known DNA ladder on the lef

side of the gel The top band, the band closest o the well, t 475 bp i the Ca, 12DIHP-/-

homozygous dominant or W (+/+) genotype. When both are present it epresents

eterozygous (1) mouse.

3.1.2. Ca, 1.3 mice

As seen i Fi s the homozygous recessive Ca, .3

re 2 the top band at 390 bp sy

‘genotype, whilethe bottom band at 180 bp representsthe WT genotype (+/+). When both are

present it s  heterozygous Cay 1.3 mouse.



Figure I: Ca,1.2 mice genotyping results

The DNA ladder runs along the eft sid. A single top band (475 bp) idenif
recessive (-/-) or K1 (Ca 1 2DHP-/-) mouse, whilk the presence of two bands (475 and 390 bp)

i ). and a single bottom band (3 2 WT mouse




e genoty ping results

The DNA ladder runs along the lft sid. A single top band (390 bp) identifies  homozygous

recessive () or KO (Cay1.3-/) mouse, while the presence of two bands (390 and 180 bp)

WT mouse

+14)




3.2. A single dose of nicotine e in Ca,1.2DHP-/-

ereases open arm i

mice, indicating a deerease in anviety.

pen Fanxiety, »

Alow, Chopin et al. 1985; 2006: Walfand Frye.

2007; Biala and Kruk 2008). I e e s indic

increased anvict

Inour exper | WT and Ca, 121 pent 30-40% of the

After 7 days of saline in
the control mice showed reduced open arm time (Figure 3) (W C/C from 30.903 5 2.21 to
1061243 +3.27 08 and Cay | 2DHP-/- C/C from 30.526 + 3.01 10 25.1 £ 464 n=10). Due to

this discrepancy in order to

decipher any true drug effcts.

tine interpret,

Cal dngle 0.1 my/kg nicotine

L CIC 10059.8807, ON

130,146 +9.296) (Figure 4). WT nicatine trated mice (n-9) did not reach signficance (Figure

.

(2006) (test p0.05; C/C 100+ 7,16, CN 114902 £4.711),



Figure 3: Ca L.2DIP-/ and WT mice groups show expected 30% open arm time for o

single dose o nicotine.

30% or slighty high
open arm time,

Fallowing 7 days

W control mice showed o

-  while Cay1.21 s s

i sees).

‘Open Arm Time for Cavl.20Hp-

and WT mice

|

Acute (1" day of treatment) - Chronic (7 day of reatment)



Figure 4: Nory

W WT mice showed aniolytic

effects following a single injection of nicotine in Ca, L 2DIP-/- mice. Ca, | 2DIP-/-nicorine

treated mice show a 30% oN

cas in open arm time, compared o controls (C/C 10

130%), while WT mice show a mary

nalincrease from 100-115%, ndicating a single dose of

Cay | 2DHP-/- mice, but in WT

are seen postsingle icatine inection (5>0.05).

Acute Nicotine's Effect on Open Arm Time in WT and Ca.1.20HP-/- mice

Abreviations: C/C (Conteol/Canteol), CN (Control Nicotine)



Closeda at Ca, L IDHP-/- nicotine teeated mice sh

adecrease inelosed am

me (test pe0.0:

- indicating less ansiety (Figure 5). Therefore, the

eeneraltrend for the open arm time holds true i the closed arm time,in that nicotine’s ansiolytic

effects can be seen in Ca,1 2DHP-- mice, but notin WT mice. Acute open and closed arm

(1-way ANOVA 5. Figure 6),

enotypes showed sl

higher open arm entries (WT 110% and Ca, 1 2DHP-- 108%), and

signifi

used in

ANOVA

ompared

P00

attends proved extremely

insightul for evaluating ansicty level

ely (Figure 7), as they

coincided howing Ca,l.

in aniety thron

significant increase in unprotected steetchattends (One-way ANOVA and Ltest p<0.05). An

body out,

explores and then eteacts o s original position. Although W mic had a lower protected

sretch tend. ) than Cay1 2DHP-

indicaton of anxicty level,

iy diffeence

between Ca,1.2DHP-/- and WT control and nicotine groups.




Figure 5: Single and repeated nicotine treatment in Ca,12D1P-/- and WI

m time. A single dose of icotine caused

respectively, shows a decrease in closed a

Cay 2DHP-- mice to show a significant difference with a decrease of 15%, from 100-85%

cant difference s scen from a single dose ofnicotine in

(p<0.05) in closed arm time. No

WT mice showed a signifi (from 100-

WT mice (p>0.05),
72%) when compared o controls (p<0.05), however no difference s seen in Ca | 2DHP-/- mice.

A

Acut 30 Chroni et of Mestne on Clased Arm T in WY and
Cortsonp-/m

Trasmant phase

Abbreviations: C/C (Control/Control), C/N (Control/Nicotine)



Figure 6: Repeated treatment, but not a single dose of nicotine,inc

mice. Neithera single dose of sline or icotine ineres

in W but not Ca,12DIIP-
arm entes in WT or Ca, 1 2DHP-/- mice (ttest p>0.08). Repeated nicotine trated WT mice

increase in open arm time and

showed an increase in open arm entries (p<0.05).reflc

lessened ansiety. Nicotine reated mice 30%, while Ca, L 2DIIP.

Acute and hronic Open Arm Enires i WT and a,1.20H-/-mice

Abbreviations: C/C (Control/Control), CN (Control Nicotine)



3.3.Repeated nicotine iolytic effeets in WT but not

Ca,12DHP-/- mice.

in the EP

Nicotine's

pen arm time was eroups.

originally scen.

Figure 11 shows nicoine’s chronic aniolytic effects within W (1test p<0.03) but not

=8

i . ; o

C(n=10) 100 + 18.467%, CN

100+ 30.83%, C/N (1-9) 152.46 % 11.16% Cay 1 2DHP-

(0=11) 10740 £ 10.07%). Thisagrees with Biala et al (2006) rescarch, in which mice spent

jections of 0.1

ince WT and Ca, | 2DHP-/-react differently to i

Budzynska 2006). would appear that

a1 2011P

P nice, there
‘appears 10 be molecular changes leading them (o reset 0 drugs ot a different e or o process.

Wi

e different way thy

open am e, with WT i perceniag

closed am tme than control mice (i-test p<0.0), while Cay| 2DHP-- show no difference.

etween control and nicotine trated mice (test p>0.05)

ue ess than 0,05, while

W mice (€/C 100426, CN 12

13 49.07) with significance of p-




oL ADIP icorine trested mice were ot e (p>0.0, both from -ests). W chronic
30% ollowing i cinciding
with y betavor in WT
in the fat thar Ca, 12 |
W mice did, duewo
pich
he DHP site,
a2
attends (Figure 7) than WT mice (ANOVA and wigstp<0.05,this siply meas tat hen
Ca2Dip- more than W mice, butsnce they did
implicsan
o wr increase i
) Figure 7,

Protected sre

h atends, in W and not Ca,1 2DHP-/- mice, showed a significant decrease (t-

estp howing WT mice displayed less anxit cted head

nicotine administation n either genotype.



Figure 7: Unprotected streteh attends show a decrease in anxiety folowing single and

repeated nicotine injections in Ca, L2DHP-- mice. A singl nicotine dose sppearcd 0 lead 0

an increase in unprotected sretch attends (p<0.05) in Ca, | 2DHP-/- mice, increasing from

approximately 4.5 10 7 stretch attends on average. Afer repeated icotine inections Ca, 1 2DHP-

sl when they ey are

WT. Chronically a1 2DHP-- C/C

W and Ca,1.2DHP-- Nifidipine/N, Ca,1 2DHP-/- and WT C/N) asthey showed p-

values of ks than 0.05. C p
Cay 1 2DHP-/-but not WT mice, whercas when Ca 13 is blocked with the LTCC antagonist

(nifdipine) unprotected stetch atends ncreases.

Unprotected Stretch Attends in WT and Cax1.20HP-

mice




Figure : Protected stretch attends increase both following

and repeat

doses, when comparing Ca,12DHP-/- and W mice. WT mice teated with  single dose of

feantly ‘a1 2DHP-L,

anxiey (less protected strech attends), however simply blocking Ca, 13 was not able o prevent

his (p<0.05). This held rue following repeated inections, as W dso displayed lower

a1 2DHP-/- i in both c

Nifedipine/N treated groups.

Protected Stretch Attends for WT and Ca.1.20HP-/- mice




Figure 9: A single dose of nicotine e o Ca, 1. 2DHP-/- mice displaying a higher

unproteeted head dip rate than WT

ars o increase unprotected head dips

in both WT and Ca,1 2DHP-/-, however nifedipine was not abe to decrease this ffect in

(Cay | 2DHP-- mice, whereas it did in WT mice (p<0.05). There was no significant difference

mcng g e e GV (15 Thar 5 S
ANOVAsorct he et restmen (o) roups o WT nd o 201P
UnprotectedHead Dips for W and L 20HP /- mice
i
Is
i
i
i




€ treated with nifedipine, which

decreased in WT

gure 10: Proteeted head dips
effect on Ca, 12D wice. WT nifedipine trested mice showed a significant

has the opposit
5). showing,

difference from

nifedipine treated WT and Ca, 12DIIP-

dips. There was significance seen betwves

showing nifedipine reacts differently in cach mouse group, hovwever there was no signifcant

Cal 2DHP howing ncther icotine
 effect Bothsignifcant phase forboth
WTand Ca, | 2DHP-/ mice.
Protected Head Dipsfor WT and Cax1. 20Hp-/- mice
' Pl -




3.4, A single nifedipine pretreatment decreased nicotine induced

exploration in Ca,1.2DHP-/- but not WT mice.

ANOVA's and

showed it This was atso

foundinnon

any Wl and Cay1.2

(Figure 1 dtiest 005
wree

1002716,

edipine/N 110,135 + I C/C 100 +9.8807). In both open and

Ca, .2 i

exploration may be blocked by i

ipinein Ca, 1. 2DHP-/- mice, but it i not blocked due to pain

Overal stretch

in Ca,2DHP-/- a5 compared

1o WT mice, as Cay .2 8

s (Figy wr

a1 2DHP-




3.5 Nifedipine increased anxiolytic effects in repeated nicofine treated WT

mice.

ANOVA analysis,nifedipine had no effet on Ca, 1 2DHP-- mice (Ca, | 2DHP-- CN 107.40

1001 33211 ly reated with nicotine and

WT mice. In Figure 1 WT mouse

open arm time showed significance when WT mice treated with nicotine and those pretrated

with nifedipine/nicotine were compared (WT C/N (n=9) 15246 + 11,16, N

ipine/N (n=7)

261,64 £ 41.60). 1 2006)

effectsin W

9

closed am time for WT and Ca, 1 2DHP-/- mice (iest p>0.05). Figure 13 also leads to

conclusion as WT nife

e treated mice had an inerease in open arm entris, coiniding with

ot mp pine. with
wr

. when compared to

WT mice pretrated

mice, and compared o Ca, | 2DHP-/ nifedipine treated mice (n-10) (ttest p<0.05).

U § 2 howed

2DHP-/-and WT

nifedipine trated mice (ANOVA and ttest p<0.03), showing Cay | 2DHP-/- mice had more

i the open arms, therefore not indicating decreased anxiety in

1 2DHP-/- mice, they did




0051 are $), WT
signiicanty lower percentage of proteced stretch attnds than Ca, | ADIP-- (165t pe0.05),
showing nifedipine was more ansolytic in W mice.
jgure 10) did show a difference,seen through
ANOVA wr
awr lower
12 e <0.05),

deerease anxicy.

levels,

1o indicate that nifedipine decreases anxiety following blockade of both LTCC subtypes in WT

CaL3 s blocked.



folytic in W but not Ca,12DHP-/- mice.
Repeated nicotine treatment produces aniolytic effectsin WT mic (p<010),as was expected.
However, Ca, | 2DHP-/- showed no anxiolytie ffectsfrom repeated nicotne tratment, as was

nicotine dose (p>0.05). Significance was scen between WT and Ca, 1 2DHP-
nicotine trated groups, shorwing that the mouse groups appear o reac to icotine at different
time points, ne following a single dose (Cay 1 2DHP--) and WT following repested nicotine

Chronic Nicotine's Effect on Open Arm Time in WT and Car1.20HP-/-
* mi

Abbreviations: C/C (Control Control), C/N (Control Nicotine)



wr cated mi i arm time fol epeated

but not following a single dose of nicotine. Following asingle dose of saline or nicotine no

signficance was seen between nifedipine reated and non-treated mice groups, or among

openam

i nifedipine pretrated WT mic (p<0.05), but notseen in Ca, 1 2DHP-/- mice (p~0.05).

WT nifedipine trated mice spent 261% as compared to 100% i the open arm and comparcd to

150% in repeated nicotine treated WT mice.

Nifedipine's Effect on Open Arm Time in WT and Ca,1.2DHP-/- mice
=k




imure 13: WT nifedipine treated mi

ow an inerease in ope

ries following.
repeated nicotine treat

t, mot seen in Ca,1.2DHP-- mice. Afler a single dose of nicotine

Cal 2DHP-- ifidipine

od i

showed a decrease n open amm entrics, showing they were
exploring less than simply nicoine treaed mice (p<0.05), however there was no significance
scen in W mice. Following re

cated nicotine treatment WT nifedipine prereated mice showed

asignificant increase in open amm entris (p<0.05) from 128% to 178%, showing they were

exploring more, while Ca 1 2DHP-/- had no sgnificant ifference (est p>0.05).

Entries in WT and
CavLIOHP /- gk

. Ly |




s

types showed no initial bias in the CPP.

3.6.Ca, LIDHP-/- or Ca,1.3-/-

paradigm in control mice.

Allmice were run through the same CPP, under the same lighting and sound conditons as

one withan .

descibed i the methods Section 24,2, Two separate WT
PEG (schicle) the Ca 1.2
ornifedipine i inection; while Cay 13-/ ice did ot recefve . injections.

here was ficant dift any of the control >

12625 2445,

)

Value>0.05). Control mice showed preference as follows, WT control
23419298 and

+ 26288, Ca, | 2DHP-/-control with PEG.

Cay) 3 control (n=9) -

W control with PEG (n=6) -59.3 + 54.09 seconds. The ip.injection of PEG appeared o rise

avera p cee,
and test p0.05). Two-

PEG injected and

1 0.05, confirming no

way ANOVAS were run forall groups and showed p-values of reater |

i injecton.

3.7. Nicotine place preference was established in WT, Ca, 1.2DHP-/- and

“a, 13-/ mice.

Each e
decide on his

(Figure 14),



dosage (Grabus, Martin et al. 2006: Kot Martin et al. 2007,

especially ater EPM results

showed different results a the nicotine dose of 0.1 mykg. Fived factor ANOVAS were run for

all groups and the p-values for Cay1.3--, Ca,LIDHP-/- and WT control versus icoti

¢ groups

were p<0.0 or

all three groups. WT control mice (n-8) showed no preference with a time of 12,625 £ 24.45

" WT nicotine (n=11) reated

636 4+ 35 seconds. Cay 13-/ (1=

26.288 sec). while nicotine (a=11) reated mice showed a prefr

181437 the saline

tecated side. Finally Ca, 1 2DHP-/- control mice (n=7) showed no place preference (-23 + 19.298

see) 18166+

30859 sec) (Figure 14).

The Cay 1.

118 seconds, which 20 seconds more than W and Ca, 13-

il induci place

theLTCC

fest how LTCC antagonists would affeet nicotine addiction.



o

38, Pr

atment with nifedi

ine prevented nicotine place preference in

WTand Ca,1.2DHP-

- mice.

fedipine, n LTCC antagonist, iplSminp

injection .. which followed previous work using mice i the CPP (Grabus, Martin e al. 2006).

Figure 15 shows Ca, | 2DHP-/- and WT mice

at were treated with nifedipine which at a dosage.

of a3/ mice were excluded, s this dosage

Our

Cav1.2 channels in Cav1 3. mice, with nifedipine, would abolish any preference seen n these:

. vactions Cay 1.3+

In both Ca, 1 2DHP-/ and W groups pretreated with ifedipine, place preference was

reduced back 0 control levels, Controls for Cay L 2DHP-/- (n-7) and W (n-6) mice we

34

19,298 scconds and -59.3 + 54,09 seconds, respectivel e e

nicotine prefe

ce of 118166 + 30,859 for Ca,1 2DHP-/- (1-7) and 96,636 + 35,127 for WT

30,57 424725 seconds
(Caul 2DHP-=)and 4.5 + 48.73 seconds (W)
A two-way fixed fitor ANOVA was run between all groups shown in Figure 16

Cal 2DHP-/- control

other,as did WT f ifedip place p

both Cavl 2DHP-- and W mice (p20.05),

wing that when LTCC subtype Ca 13 is

blocked preference is completely abolished



Figure 15 shows Ca 1 2DHP-/-nicot

e versus ifedipine groups

P a by nifedipine

imprtance of Ca, 1.3 in addiction, especially nicotine adlction, because in Ca, 1 2DIP-/- mice.

only LTCC subiype Cay1.3is blocked and the place preference is compleely remaved as

compared t0 the pre

nce shown i the nicotine group. Figure 16 s o summary figure of all the

WT and Cav1. 2DHP-/- groups, once again showing the significant difference betseen the

. and how




PEG ip.injecton did ot intefere with the acquisit
Ca12DHP-/- mice showed the strongest icotine place preference of 118 seconds. while Ca, |

Spent 99 seconds,

Abbre

ofthe icatine place preference

ind WT spent 96 seconds on the

Convol va Nicotinsgroup n PP

jons: C/C (Control Contol), C/N (Control Nicotine)

tested, Allthree

» for nicotine (p<0.05).



Figure 15: i nicotine’s ability » in W and

Co,L2DHP-- mice d he control

mice (p>0.05). Blocking LTCC subtype Cay1.3 abolished place preference for nicotine, senin

Cal 201 indicating that shen both LTCC subtypes ae present, Ca, 13 i vitalin

acquiing a drug preference.

[T S———




can aholished it

W mice. There

‘roups, showing a strong place preference for nicatine. This prefrens

nifedipi

subypes (Ca, 1. 2DHP-/- C/N with PEG:118 sec 0 Ca,1 2DHP-- C/N with Nifedipine: 30 s

¢

21 2DHP-- and

in WT and Ca, 1 2DHP-/- mice (p<0.05),as shown from the prefere

WT C/N: 96 sec to WT /N with Nifedipine: 4.5 sec),

PP for Nicotine and Cantrolgroups

was abolished by

in both




Chapter 4

Using CPP and EPM paradigms the differential roes of LTCC subtypes in nicotine-

the level of ansicty f i i r sl injection

increase in W mice. However fore ni cotine’s

effects ollowing either cute or chronic nicotine treatment. CPP resuls of Cay | 2DHP-

through blockade of LTCC subtype Cay1.3. However,furher esting showed that nicotine place

P LTCC subtype Cay1.3, We hyp »
Cay.3 deleton, other e SNE}
for Ca, .3, In any
Jigh
Therefore, by knowing Jate
them in r i Fresuls



AL Technical consid

Behavioral testing is highly dependent on the experimenter's eye for e

il be discussed regarding both EPM and CPP behaviora tests.

ions within the EPM

ime considera

EPM

in the maze, Early

g
reports from Pellow et al. (1985) and Listr (1985) showed that multiple enties in the EPM did
ot statistically skew open arm behavior (Pellow, Chopin et al. 1985; Lister 1987),

have argued that ollowing

More recent reports,
showing a decrease in open arm

behavioral results may be tainted following multiple enri

o the ause of

and Frye 2007). Nosek et al.
ihe EPA Their

ponses 1 . followed by

with WalFs results, in increase

Denis et al. 2008).

dismiss any results after the initial exposure, but many simply use one pl

Ivi 1997; Cha, 1

Berton et al. 1997; Rodgers and ©

chachner et al. 2008).

Jakoveevski,



Nlong with these studies that might argue against using mice more than one in EPM

testing the p als. following both single
d repeated jections. This protocol y reported any skewing of resls
Biadzynska 2006). Biala only used W mi - ¢ used, which may be

y r ;) in (CSTBU6J) of our

e, but without further esting

behavior afler acute nicotine administration compared to WT

chrer et al. 2008),a range

oftestng times and strsins used. As  final poin of intrest, any suspected time effeets of CPP

association, with time affcts being negligible o nonexistent (Tzschentke 1998).

4.1.2.Drug association timing

the maze was

CPP)or



o

ollowing repested nicoine injections (EPM)(Le Foll and Goldbers 2005: Grabus, Martin ct a1

2006),
Hsuetal
25 myk, cither 30 or EPM. They
found that the hel
netal 2007). Anothr g
within the EPM
et t 7 i but ot a3 i syoun et al. 2000
s following a 0

Cheeta etal. 2002).

vitaland 5o we followed Biala and Budzynska (2006), who used a wait time of § min post-

e W and Ca, |

successful However, upon normalization, it became apprent that Ca1 2DHP-/- mice showed an

» 1.2DHP-/-

et differ

iy o icotine acutly.

The timing between the drug injection and chamber placemer o establishing

Fudala et

into non-

drug side (Fudala, Teoh et al. 1985 Le Foll and Goldberg 2005). Grabus et al, (2006), whose

used for our CPP tes




@

Martin etal. 2006). Even with varying

al.2009). In our experiments, e cages, and then pl

then nto the CPP chamber. However, we found that mice were not displaying a stong nicotine

placing.
them
E for CP.
i place p ference. Since this test
paradign.
413, Dosage
EPM and CPP parads with other behavioral
itk e el mge r fects. Within

our EPM experiments, the dose chosen was based on the work of Biala t al. (2006), in which 0.1

anxiolytic

200

¢ of nicotine (0.1

k) caused anviolytic eflectsin Ca 1 2DHP-/- mice, whil

aniolytic chronicaly, which agreed with Biala's esults,



This dose of icotine was chosen as it was used repeatedly in the work from Biala's

hwaiory Kruk 2009: Biala, Kruk et al. 2009). Biala

tested nicotine’s dose effects testing mice S and 30 min after two doses of nicorine (0.1 and 0.5

mekg), with only the 0.1 ing ansi WT mice, indicating th

M (Biaka

and Budzynska 2006). O igators f has025 s
ke »

slightly, e ctal,

2000; Hsu, Chen et al. 2007). Baleio et al. (2005) found that a low dose of nicatne (0.05 mgkg)

‘was acutely anxiolytic, while  dose of 0.08 mg/ke of nicotine was anxiogenic in EPM testing
(Balerio, Aso et al. 2005) o Biala ctal Iyt
in WT mice, in Ca, 1 2DHP-/- mice. This does.

Cal

il scope of what i affected molecalarly is still not fully understood.

» jon. For C

my/kg and 0.5 my/kg. The primary sty used for CPP pr

fure was Girabus et al. 2006), in

305 mpke. l

. Martin t al, 2006 10

e seen, while lower doses (0.05-0.1

mgkg) ofnicotine abolished any pr ) had no

4 Goldberg 2005: Kota, Martn et al. 2007)

atly 96-120 seconds,




T both EPM and CPP paradigms nifedipine was used to investigate whether blocking

one or both LTCC

from occurring. P inEPM 2006).

inwhich they invest

e the effects oF LTCC antagonists with  range of doses, such as 10

my/10 mikg, % 5786/ mice

(Biala and Budzynska 2006; Bisla and Kruk 2009).

2 LTce ca by DHP

‘mdifirs in cervieal ganglion, which may also occur within our mice, unlike Ca,1 2 channels

are completely bloch .

with typical LTCC DHP antagonists, a ypical concentrations, approximately 50% ofpeak

Caldal blocked,
1P modulators as Ca, . combe 2001
or chro g
modifiation repercussions in the Ca, | 2DHP mice, which will be discussed further below.

Within CPP, nifedipi W and Ca,1.21

the Ca 13-/~ mice at

withthe Ca, 1.3+~ mice, and ot in W or Ca, . 2DHP-/- mice. The dose of the DHP modulator

group. 10.and 20 mykg,

2009) oHP

i Biala used,



i the EPM. fn both WT and Ca, 2DHP-- nifedipine given ip. i 10 mgkg completely

prevented a nicotine place preference inthe CPP.

414, Animals used

en both Inorder o keep any

Martin et a. 2006) were

o displ

strains used i the experiments were developed from CS7BL/G) mice, which is one ofthe most

s strains for transgenic mouse models (Zurita, Chagoyen et al.: Bothe, Bolivar et al. 2004).

Two main €78 CsTBL)
Jackson L Chagoyenctal:
Bryant, Zhang el 2008). Lt year Jackson et ol i s fom
compuring CS7BL They repored ha

CSTBLG mice found oep an DBAZ2 mice. Gack

Walters et al. 2009). Testing CSTBL/S mice for motor and pain effects showed that they

fear

compared with DBAZ2 BL ightly »

s effect i

Zhang et al. 2008). Despite this pos STBL



stable background srain or trnsgenic mice.

differences between the three groups (W, Ca

1.3, The Ca, 1 2DHP.

hey foug P seruffing. atempted to

bite more and The Ca, 1.3+ ave up easily
TCC Call.

y s Koschak et al. 2006).

ehavior during handling. n the EPM results Ca, 1 2DHP-/- appeared to have a higher open arm

W mice,

igh

W mice.
Indeed Cay1.2

while WT did




421 Letype Ca™ channel subtype Ca, 13-/~ and Ca, 1.2DHP-/- mice bot!
displayed nicotine place preference, which nifedipine pretreatment was

able to abolish.

the CPP est

p pe

fornicotne, although the Cay | 2DHP-/- mice had a lightly stronger preference (118 75 se

bias, would

show a consistnt nicoine preference (Briclmaier, McDonald et al. 2008). | chose 0 use an

unbiased CPP as 1 believed it would be the most relevant in displaying nicotine’s rue efects

lightening,

all mice used (Grabus, Martin et al. 2006).
‘Although both subtypes showed a place preference, blocking LTCC subiype Ca,1.3in

a1 2DHP- clear

wr

ol in icotine addiction.

displays Cay1 3 e using nifedipine t block both subtypes

iforced the importance of LTCC in nicotine addiction, while the Ca, 1 2DHP-/- mice showed

Cal 3 and not Cay1.2.

reward

However, e

nicoting? The plasticity of ¥




7

channls within the basal forebrain i Tottering mvce, which have a mutation in their @ subtype

OFLTCC Cay2.1, i the Purkinje neurons (Etheredge.

hison et al. 2007). Despite €

contibuting i the Toter
basal o was found that LTCC
cal Ca21 channel

Cal

upregulated (Etheredge, Murchison et a. 2007). Chronie icotine has been shown to cause an

increase in LTCC function through an increase in protein expression of both Ca, .2 and Ca, 1.3

005). Takahashi et o,

whena gene

ot be able

A Nagasu 2006). Comp s

LTCC subtypes Cay1.3 and

ca,

2. Before embryonic day 12.5 when Cay1 2 akes over cardiae function, it i LTCC subtype.

Cay1.3 which generates spontancous action potentials in the SA node. LTCC subtype Cay .3 was.

cr this

otifed s it was found to b upregulated betwween embryor

e days 9. 10 12,5, whilg

1.2 akes over this function (Xu, Welling et al. 2003),

The

channelor g i - When Cayl 3+ for

PP, they i p nicotine. This

13 for addict




7

forthe loss of Ca,2 1 in basal

o reduced. Howener, just as other calium channels compensa

turchison et . 200 » 0,13 is deleted
t Cal2 i
cal igher voltage than
Cals. 13:h they remain

firing of DA peurons.

Therefore, we believe that when both LTCC subtypes are present within the brain, Ca, 1.3

e than a1

fring.

subtype oles was again further supported when we blocked the LTCC subype Cay .3 n the

Cay 1 2DHP-/-

wT So "

strongly indicaes that LTCC subiype Cay 1.3 has

outcomes in WT and Ca,1 2DHP-/- mice,

12,28 seen howed

Caul3 and only Cay 13, in Ca1 2DHP-/- mice,leaves mice who showed place:

feence for nicotine displaying no place preference.

TCC can adapt, one i which th

with the Ca, 1. 2DHP-- mice. In humans it

function
is extremely rare o have a deficiency in LTCC subtype Ca,1.3; therefore, it s critical 0 be able

SNE}




”

o not working, which the Cay 1. 2DHP-- model does. This allowed us to sce that Ca 1.3, with ts

inthe

PP paradigm. We are not assurming that Ca, 1.2 docs not have a role in the dopaminergic

mesolimbic pathway. a5 when Cay1.3 was deletedin Cay 1.3

nice Cay1.2 seems to have.

allowed nicotine 10 induce a place preference in these knockout mice. However, since Cay1.2

e, Ca,1.3 presum Ca,l2

and - whereas Ca, 1.2 may influx

once the voltage has resched the necded level.

al e had

wanted  block the Cay1.2 channels in the Ca, 13-

mice o further prove LTCCs important in

with Cay3-/-mi in

showing the role of LTCCs in nicotine reward, because i blocking Cay1 2 channels in Cay1 3.

that the LTCCs are of vital
importance in reward, addiction and the mesolimbic pahway.
“To summarize, when Cay .3 are present within the DAcrgic system, they likly play a

ertcal

lower activation energy. This was seen rough the nicotine Ca, 1 2DHP-/- model we used in the

(CPP: however, i Cay1.3 is not present or working correctly within the brain, i appears that

cal2

electrophysiologicalresults from our laboratory, which showed that application of s DHP agonist

in Cay | 2DHP-/- mice can cause burst fiing in dopamine neurons. This argues that LTCC



sublype Cay1.3is mediating burst firing. As discussed i the ntroduction it

pathway activation. Also

‘2| 2DHP-/ mice was

shown 10 be brought back to baselne levels of WT mice (Lui 2009). Thus both our

hypothesis that the Cay 1. f impo

processes both molecularly and behaviorally.

4.2.2. Ca,1.2DHP-/~ and WT mice display anxiolytic effects of nicotine in the

EPM but at different time points.

tokillts addi i iscases. The EPM has.
been used. y g ety is believed o be
006). Nicarne's i in

(Cay|2DHP-- and following repeated nicotine doses in WT mice (Figures 4 and 11),

JORE! c y

both WT and Ca, 1 2DHP-/-

data because all w thisp




This result was

whereas the

Cal 2DHP-

Ca 1 2DHP-/-mice

forthe 1.4-DHP binding site

Heald etal. 1093;

Chen,

Appell etal. 2003; Salib, Gu et al. 2009). Johnson et l.

1993).In our model Cay | 2DHP-/- do not have  functioning DIP sit for Ca, .2 channls,

therefore only Ca, 1.3 LTCCs would be affeeted by the endogenous antagonists. Thercfore

on both LTCCs subtypes.

potentially EPM, orsimply canceling

a e effect, which is what

Tollowing acute nicotine in WT mice. In Ca, | 2DHP-/- mice,the Ca,1.2 LTCC subiype would be

antagonists, while blocking Ca, 1.3

Without cotine

Ca | 2DHP-/ mice, while eaving WT mice unaffected, showing that LTCC subiype Ca,1.2 may

Cal.3 nicotine.

Biala's escarch.

cal i there was.




» e ppment of tolerance

10 nicotine may have occurred in Ca, | 2DHP-/- but not WT mice (Biaka 2009, Biala and Kruk

2008). Because WT mice showed aniolytic effects from nicotine, resuls from Ca, | 2DHP-/-

work o i cen from WT our WI

regolarly. i Ca, | 2DHP-/- ly

than WT mice,the Ca,1.2 LTCC subtype may play a large roe in acute anity than Ca 1.3

42.3. Repeated nicoti ioly not blocked by nifedipi

pretreatment in WT mice in the EPM.

WT and Carl fedipine pr mice were

expected, s neither had been seen before, Ni the Ca, 1L 2DIIP-A- mice

The research

we were following did not use Ca, 1 2DHP-/- mice, only W, howeser, even the WT mice

cof

in WT mice, although our WT mice showed no

e anxicty c in. Biala*

10 below 10% in nicotine treated WT ( Biala and

pretreatment o decrease open arm



5

Budzynska 2006), which in our normalized daa was not seen. Our data showed WT mice treated

¢ (Ltest p<0.05).

Therefore, we logically asked what changed our results so drasticaly from Bial's group,

procedure. The souton Biaa’ group
prepar Hutions. bo
fally 2
few soluions, i finally -
ifedipine fully ? produce
. they may hve
with
mice sessd by puin e
bebecause
tesing the VTA dopanis theavily i Because
L
hetween
L y inn MeKerman et al. 2003; Fourcaudo, Gambino

etal. 2009; MeKinney, S7¢ et l. 2009). LTCCS have also been investigated and are suggested to

induce LTP at synapses within the thalamic pathway (McKinney. Sz¢ etal. 2009). Yu et al.

" s i 1999)

1o block fear potentiated LTCC subiype Cayl 2al




antly higher in the &

er. McKernan et al. 2003). Therefore, with our results it makes sense that we did no

edal of ear conditioned rats compared to conteols (Shinvick-

otsee

ardution of aniolyt ffcts ofnicotine hen any LTCC subiype Ca .3 was blocked, s
a2 When both LTCCs wr as ncre
wr
ot ects olowi Lices
: y rom belng formed, Cal2is
blocked
vrces, how
locking LTCC: i Weused
2 Car.
paradigm i the EPM. However, v
W mice al
A Budzynska 2006). Thi by blocking

Jong with the VTA and

I hindsight, if we could have infused the ifedipine direety ino the VTA, we could

e i Howeve .

proper d with eying,

Ja insetion. In additon, an infe &

brain s abvays @ concern.

previously the DHP




opiaids,

19705 (Trigo, Martin-
Garia et al; Pomerleau 1998). Endogenous opioids are known t0 have widespread effects

the VTA, the amy PEC

addictons. Fopioi i first publi Karas

and Kane in 1980,

1980) In the VT

from VIA DA neurons 0

the NAe (Trigo, Marti ). Therefore, along with LTCCs being able o ffect thes

chronic trated W mice, other endogenous systems are also at work and may add to the

anxiolyic effect seen by nifedipine.

bers of Cay13-/- mice aval - only the Ca, 1 2DHP-

i the LTCCs, but wi 1

EPM we primarily

” VIAwnd

amygdal involvement




43, Future directions

43.1. Develop mouse models that have Ca,1.2 or Ca, 1.3 inducible knock-outs

er chann

TheLTCC
pecific |
whethe they Howeer,
one channel, which
ot present. Capecehi and Hooper i 1987 inroduced the
199%).
he
This pathvay. via.

only 10 the NAe, but t0 the PFC, amygdala and olfatory tubercuies as well (Pich and Epping-

Jordan 1998). Despite all the research indicating the need 1o specifically study the VTA and

LTecs,
focus on LTCC subtypes in one bran area over the other.

There dels and knock-in models.

While 9

L which Cay 13-/ mi

such as in Cay1 2DHP-/- mice, one chanel is mutated 50 it does not react 10.3 drug o is not




55

study ithas been

blocked. Although these Ca, 1.3+~ mice allowed us to manipulate an LTCC subtype. we camnot

say ly e
that oceurred in the VTA. Within the past decade o so, there has been a arge inerease in the use

of the C inspecifi cluding brain, o target

being targeted. For example,in our Coa,1 2DHP-/- mice, we could show the ffects of Cay 1.3
blockade on Ca 1.2 channcls.

has been used in

reions such as the forebrain (Cui, Wang et al 2004; Gould, O'Donnell et al 2008). Cui et .

Creflox?

calc %

ODonnell et al. 2008). The CreloxP system was previously explained by Porter (1998), in

et the gene by fanking The gene of
il he C duced,all .
models Once Cre i induced, loxP st
sene 1999), relloxP system,
spcifically par

tal. (2008) and Gould

is under the conirol of a tissue specifi promtor:for example, in Whi

etal. (2008) the CaMKlla promotor was used totarget the forcbrain (Gould, O'Donnell ¢t .

2008; White, MeKinney et al. 2008).



6

s 1would

s have

use the CreflonP system,

. unlike

Howers

previously used in my
O'Donnell et al. 2008: White, McKinney et al. 2008). I would use an inducible model which is

LTCC subiype

Tcould sudy

1would arget the VTA LTCC subtypes witha

(Cui, Wang etal. 2004). To ensure specifc
ik leaving LTCCs in other reg et in ovde 3

tal. (2004 used

Tec VIA. Cui

the NRI-GFP

subtype) (Cu, Wang et al. 2004),and I would trget the VTA LTCC using a similar method. so

s

of White tal.

po LTCC subtypes

(2008): belien

e forch

applied 10 the VTA (White, McKinney et al. 2008).
Following the development of these (w0 new mouse models, 1 would test them both using
P and CPP paradigs, except 1 would also add a few other behavioral tess. In order to test

Twould test ield,

dark box. 1 would



5

43.2. To study Ca,1.3

mice in both the EPM and the CPP (0 see if Ca, 1.3 is

more

VIA dopa

ergic pathway

Since the Cal feulics, |

would continue breeding this st in order 10 test them in both the

EPM and CPP. Knowing,

how the Ca, 1 in the EPM what

ol the two LTCC subtypes play in ansiety. For CPP testing, a safer dose of LTCC antagorists

1.3+ mi fedipine. A proper

p 1 oie

‘1.3 in the previous

z w ’ Il mice tested, ruling out the possibility that

Fie . injectic i y Cay L3

mice reacted so harshly 0 a dose that did not affect Ca, | 2DHP-/- mice at ll, was because

Cal 3 ! . when

as found in Ca, 1 2DHP-/- mice and therefore the.

Cay 1

Cal 20 Ca,L3

one channel 0 be seen



4.3.3. To complete immunohistochemistry on both LTCC subtypes to

determine their distribution within VTA dopaminergie neurons

rLICCs and WT

a Inorder to identify both L

sices with a TH pe ly (Kita, Kile ctal a selective for

cach LTCC subtype Cay1.2 or Cay .3 (Rajadhyaksha, Husson et al. 2004).In the newly

LTCC subtypes.

see iFindeed the

VIA. Of course, fo i PCR

LTCC subtyp Knowing the

disteibuton of

€1 2DHP-/-and Ca, 1.3+~ mice showed a nicotine place preference, as potentialy the

upregulation of Cay1.2 channels in Cay1.3-1-




Tables

Table 1: Ca 13- and Ca, 1L2DHP-/ band results

Ca 13RO mice Base pairs
Top band = homozygous Cavi 37~ 0By,
| ottom band= Wild type (+/4) 06

18039065,

Ca, L2 DITP insensitive mice (KI)

Top band= homozygous Ca, L 2DIP/- | 475 bp-

Bottom band - Wildiype (+/4) EITS

Top and botiom band= heterorygous (77| 90,475 b7

Table

Flevated Plus Maze mouse groups

Acute treatment: Single dose of control s

ine or nicotine (1 day)

Repeated days)
i
Caul2 stmin WTstain
‘AcuteChronie

‘ool Conteol Acute Chronic

Conirol Nicotine Acute Chionic

‘Acute Chronie

Nifedipine/Nicotine ‘Acute Chronic

‘Acute Chroni

ied Place Prefcrence mouse groups




Treatment group train Swin
CalDHP- | WT Calsr

Control Control X x

ConrolNicotine X X

Conmral Control X 3

Control Nicotine with PEG £3

Control Nicotine with Nifedipine | X X
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