GENERACION 2007-2012 CODIGO 207395639

UNIVERSIDAD DE GUADALAJARA

CENTRO UNIVERSITARIO DE CIENCIAS
BIOLOGICAS Y AGROPECUARIAS

DIVISION DE CIENCIAS BIOLOGICAS Y AMBIENTALES

Guided motor training induces dendritic spine plastic
changes in adult rat cerebellar Purkinje cells

INVESTIGACION Y ESTUDIOS DE POSGRADO
Opcion Seminario de Investigacion

QUE PARA OBTENER EL TITULO DE:
LICECIADO EN BIOLOGIA

PRESENTA
DAVID GONZALEZ TAPIA

Las Agujas, Zapopan, Jalisco. Septiembre de 2012



Universidad de Guadalajara

Centro Universitario de Ciencias Bioldgicas y Agropecuarias

Coordinacicn de Carrera de la Licenciatura en Biologia

COORD-B10-140/2012

C. DAVID GONZALEZ TAPLA
PRESENTE

Manifestamos a usted, qu2 con esta fecha, ha sido aprobado su tema de titulacion en la
modalidad de INVESTIGACION Y ESTUDIOS DE POSGRADO opcion Seminaric de
Investigacion, con el tiuio “Guided motor training induces dentritic spine plastic changes
in aduit rat cerebeliar purkinje celis”, para obtener ia Licenciatura en Biclogia.

Al mismo tiempo le informamos, que ha sido aceptado como director(a) de dicho trabajo al Dr.
ignacio Gonzalez Burgos.

Sin mé&s por e momento, aprovechamos para enviarle un cordial sajudo.

ATENTAMENTE
"PIENSA Y TRABAJA"
Las Agujas. Nextipac, Zapopan, Jal., 14 de agosto, del 2012

DRA.
PRESIDENTE DE

OMITE DE TITULACION

Ueronica ‘?oﬁomcrc (v
M.C. VERONICA PALOMERA AVALOS
SECRETARIO DEL COMITE DE TITULACION

Las Agujas. Zapopan, Jalisco, México, C.P. 45110, AP 39-82. Tels. (01-33) 37771150, 36820374, ext. 3254, Fax, 37771159



FORMA F

Dra. Teresa de Jesus Aceves Esquivias.
Presigente del Comité de Titulacion.
Licenciatura en Biologia.

CUCBA.

Presente

Nos permitimos informar 2 usted gque habiende revisado el trabajo de titulacion,
modalidad INVESTIGACION Y ESTUDIOS DE POSGRADC, opcidn Seminario de
investigacion con el titulo; "Guided motor training induces dentritic spine plastic
changes in adult rat cerebellar purkinje cefls” que realizd el pasante David Gonzdlez
Tapia con numero de codigo 207395639 consideramos que ha quedado
debidamente conciuido, por lo gue ponemos & su cons:deracmn el escrito final para
autorizar su impresion,

Sin atro particular quedamos de usted con un cordial saludo.

Atentamente
Zapopan, Jalisco a

opzalez Burges
DirectorAle Tesis

i hombre compielo 42 los Smc'ssesamgnados por | &l Comilé de Fecha de aprobacion

{ Taytacion R Y

Dr Alfredo lgnacao Feria Velasco n
0 &0}2\

Dz’. Carios Beas Zarate

z&o%/ﬂ—

f"bré:_é?éeié—l"é_@:udiﬁc Cabrera

["Dra. Martha Catalina Rivera Gervantes




El presente trabajo se realizé en el Laboratorio de Psicobiologia de! Centro
de Investigacion Biomédica de Occidente, IM3S, y en el Laboratorio de
Neurobiclogia Celular del Centro Universitaric de Ciencias Biologicas y
Agropecuarias de la Universidad de Guadalajara; bajo la direccién del Dr.
Ignacio Gonzalez Burgoes.



AGRADECIMIENTOS
Al Dr. Ignacio Gonzédlez Burgos por su apoyo, paciencia y compromiso con
mi formacion profesional.

A mi maestra y amiga Dulce Velazguez y a mis excelentes amigas vy
compaferas Myrna Gonzalez y Martha Martinez por su carifio y apoyo.

A mi familia, por su apoyo incondicional, MIL GRACIAS.

Agradezco a todas las personas que de una u otra manera estuvieron junto
a mi en este proceso.



journal homepage: www,slsevier.comflocate/neulet

MNeurosctence Letlers 491 (20115 2162220

Cantents lists available at ScienceDirect

Neuroscience Letters

ded motor training induces dendritic spine plastic changes in adult rat
zbellar purkinje cells

cio Gonzdlez-Burgos "+, David Gonzdlez-Tapia®P, Dulce A. Velazquez Zamora®®,
'do Feria-Velasco®, Carlos Beas-Zarated-?

hr d Newrociencios, Centro de Investigacidn Biontédica de Occidenie, IMSS, Mexico
tamente de Biologre Celutar v Matearlar, CUCKA Universidad de Guadelajaro, Guadalajara, Jul, Mexico

03 September 2010
lin revised form 10 January 2011
g 18 January 2011

rds;
activity
e

ity

flum

je

it spunes
n

ABSTRACT

The simple cerebellar lobule is involved in several ncuromoter processes and it 1§ activated during guided
exercise. Although guided exercises ave essenttal for motor rehabilitation, the plastic events thar occur
in the simple cerebellar lobule during moter training remain unkaown. In this study, normual adu't rats
were intensely trained on amotorized treadmill during a period of lour weeks (ITgroup) varying boththa
velociry and the slope of the moving belt, and they were compared to 2 mildly trained (MC) group and an
intact control group (IC). Dendrinc spine density and proportions of the different spine types on Murkinje
cells was assessed in the cerebellar simple lobule, as was drebrin A expression, Both dendritic spine
density and drebrin expression ingreased in the MC and 1T groups, Stubby spines were more abundant
in the MC animals, while there was an increase ip both stubby and wide spines in IT rats. In addition,
mushroom spines were more numerous in the IT group. Increases in stubby and wide spines could be
relared ro regulation of the excilability in Purkinje celis due 1o the moror training regime experienced by
the M and IT rats. Moercover, the observed increase in mushreom spines in the IT group could be relared

with the moter adjustments imposed hy training,

notor training invelves the activation of several brain regions
as the senserimoter cortex, lateral ventral thalamic nucleus,
erebellum, all of which are integrated into the cerebellar-
mic-cortical circuit {CTCc). Functiconal activity of the CTCc has
implicatedin somatosensery integration {28] and information
ing {5] in order to achieve adequate motor coordination. n
on, CTCe activity provides the motor cortex with information
ding the timing, velocity and force associated with movement
n particular, the simple lobule of the cerebellum is involved
wtrolling the execution of movement through feedback com-
on with information coming from the spinal cord [31.

ytor-skill learning and not just voluntary moter activity
e an in¢rease in the number of granule <ells’ parallel Abers
ses in the cerebellum [4,22], as well as synaptogenesis in the
- cortex [21,38]. However, normal rats which exercised on a
d treadmill activated CTCe-related cercbral regions. includ-
e lefl simple lobule of Lhe cerebelium [16], suggesting that
ive plastic changes of dendritic spines may also occur in cere-
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bellar Purkinje cells. Dendritic spines have been shown to undergo
plastic changes that are dependent on the nature of the presy-
naptic stimulation [11]. Thus, since Purkinje cells integrate ali the
afferent infermation to cerebellar cortex and their dendritic spines
receive mostof the excitatory inputs from parallel fibers, changes in
afferent information to Purkinje <ells could be integrated through
morphological plastic changes at the dendritc spine level. Consid-
ering that these cells represent the only corticocerebellar elferent
ourput, we have evaluated the possible plastic changes to Purk-
inje cell dendritic spines in the simple lobule of the cercbellum in
normal exercised adult ras,

Male Sprague-Dawley adult rats (n=30) weighing 250-300g
were used in this study and they were assigned to onc of three study
groups: an intensely trained group (17; n= 10}, a mildly trained con-
trol greup (MG n=10), and an intact control group (1C: n=10).
Only the 1T and MC groups were submirted 1o the motor train-
ing protocol. Rats from both the IT and MC groups were placed ona
metorized treadmil l{ Panlab} for 15 min at a speed of 15 m/minfday
during 7 days, Throughour this period, 2 0.4 mA current was pro-
vided from a shock grid, forcing the rat to run on the treadmill's
rolling belt. The rats learned to avoid the shock grid between the
first and second day. The exercise protocal was only ¢ontinued for
the [Trars for a further three weaks, 5 days 2 week, and when elec-
tric shocks were no longer used. The rats were trained for 30 min at
a speed of 16.2 mimin/day during the first week and in the follow-
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wek. the rats were trained te run at 18 mfmin for 30 min/day.
«. during the last five days the rats ran ara speed of 183 mfmin
minjdayonas slope.
e day after the behavioral training ended, six animals were
mily selecred from vach group, The animals were anacs-
ed wilh ethyl ether, and then perfused with 200ml of
shate-buffered saline (PBS: 0.01 M, pH 7.4} containing sodium
in {1002 1U{L} and procaine hydrockloride (1 5L} 19). Therats
subsequently perfused with 200! ol a phosphate-bulfered
rmaldehyde selution, alse at a rate of 11.5 mi/min. The ani-
brain was then remaved and fixed for 48 b in 100 ml of fresh
on, and atissue block lrom the left cerebellar hemisphere con-
12 the simple lobule [30] was impregnated using a modified
on of the Golgl technique 1121 Sagittal siices (75 um thick)
meounted on slides, and & impregnated and clearly visible
.nje neurens per animal were studied “blind” from each raL.
lensity of the spine-like protrusions was quantifiecl, as was the
ortion of thin, stubby, mushreom, wide, branched and double
5 {11,13,37). These spines were counted in a total stretch of
m from 3 to 4 apical revminal dendritic branchiets distal to the
1 {Fig. 1}, in each of the six cells studied per rat. Counting was
srmed by direct observation at 2000 using a magnification
iger oupled to 4 liwhT microscope.

D 13

217

The remaining four animals in each group were used to deter-
minc the drebrin content. Total protein extracts were prepared
by homogenization of the lefl cerebellar simple fobule of the IC.
MC and IT animals iy a sodium dedecy! sulfate [SPS) butfer {20%
glycerol, 4.0% SDS. 125 mM Tris-HCL 10% nwrcaprocthanel. pH
G.8Y, The protein conrent was determined according Lo the Lowry
methed using bovine serum aibumin (B5A) as the standard. The
samples were boiledin SDS buffer (3min, 100 €} and 30 py of
protein was loaded in each lane ol 2 10% polyacrylamide gel Flec-
trophoresis was carned out at 200mA, and the proteins in the
gel were subsequently clectroblotted ento nitrocellulose mem-
branes {Hybend™-C pure. Amersham Pharmacia Biotech). The
mzmbranes were incubated for 11 at room temperature with a
blocking selution {TTBS) containing: 10mM Tris {pH 7.4} 150 mM
NaCl. 0.01% Tween 20, 2% BSA, and 2% skim mitk. They were then
incubatedovernightat4 Cwithanantibody againstdrebrin(1:500,
Santa Cruz Biotech, Inc.} and (-actin {1:1000. Sigma) followed by
incubation with a secondary biotinylared anti-rabbit IgG gener-
ated in herse {1:2000, Vector Laboratories Vectastain, Burlingame.
CA, USA). Antibody binding was detected and visualized with 3,3-
diamino-benzidine and the size of the drebrin protein detected was
120%Da. Proteins were visualized and analyzed using Kodak Digi-
tal Science 1D software, ver. 3.0.2. (Eastman Kodak Co.. Rochester,

F

. Upper panel: photomicrograph of apical dendritic branchiets (arrows) of a Purkinje cell, where spines were counted. Scale bar = 15pm in the lower panel, pho-
tographs show thin [A), stubby (8], mushroom {C). wide (D}, branched (E} and double {F) spines {arrows). representative of those counted in the present study. Scale

3 L,
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Photonticrogeaphs of representative Purkinge cell apical dendntc branciuers from intacr contral L AL mildly rrained contrel (B and intensively trawed (C) rars, Mote
crgase in spine density 1 B and C when wildly and intensively trained raes were compared with intagt animals [A), Seale bar: 10 um,

to evaluare the intensity of the complete spot arca, which was
essed as arbitrary units of intensity. All measurements were
e in duplicate.

or the statistical analysis of spine density, data from the six
; per rat were averaged, and the average of' the six animals per
p was compared using the one-way ANOVA, followed by the
¢y post hoc test, The same tests were used to compare the data
n Western biots. Finally, one-way ANOVA fallowed by the Bon.
oni correction post fioc test was used Lo analyze the density of
different spine types.

The dendritic spine density en Purkinje cells differed in each of
three groups of animals studied (F=10.624, p<0.001: Fig. 2).
- dendritic spine density in Purkinje <ells from both [T and MC
., was greater than that in IC animals (p<0.001, and p<0.03;
sectively), and there was no dilference in the dendritic spine
sity in Purkinje cells from MC and T animals (Table 1).
arding the different spine types, stubby (F=13.6. p<0.0001),
shroom (F=6.4, p<0.01) and wide (F=5.0, p <0.02) spine den-
*5 were different in the three groups studied, while the densiry
hin, branched and double spines remained unchanged. Stubby
15 were more numerous on both IT and MC Purkinje neurons
non those of the IC group (p < 2.0001. andp < 0.01; respectively).
the density of mushroom spines was greater in IT animals than
= rats {p < 2.008). Finally, wide spines were more numerous in
ats when compared with 1 animals {p <0.02; Table 1).

[he levels of diebrin differcd between the three groups studicd
7.58, p<0.02) and the 1T greup contained mofe drebrin than
1the IC (p<0.02) and MC {p<0.04)} rats. There was no signifi-
 difference in drebrin content between the 1€ and MC animals
. 3).

1

> density and proportional density of the ditferent types of spines, in the simple
¢ of Purkinje cells from intact control {1C), mildly motar-trained control {MC)
ntengively motor-trained (IT) rats.

e MC 18
ne density 1237 251 1300 £36" 159.8 £ 3.0°
Ne types
n 52217 538 =18 517 £ 238
by 250 = 1.5 339 + 1.3%
shroom 441 = 26 57.3 £ 44"
de W06 L08 146 4 0.6°
nched L1 =01 1.2+ 02 L3200
uble 06 = 007 0.7 + 01 0.7 + 0.1
) SEM,
05,
1C s, 1

“ws. IC.

The vermis and inrermediate hemispheric lobes of the cerebel-
lum are strongly invoived in motor coordination |2]. They receive
movement-related information through spinal excitatory afferents
such as massy fibers, which excite the dendritic spincs of Purk-
inje ceils threugh the parallel Abers of granule cells | 10]. Thus, the
dendriric spines of Purkinje neurens would detect any significant
change in the motor coordination-related synaptic activiry.

Plastic changes in dendritic spines, including modifications in
their distribution, density and[or shape. are related to the dif-
ferential processing of synaptic information. In general, thin and
wmushreom spines have been considered to be the most efficient
spines in lransmitting synaptic impulses, aitributed in part ro their
narrow neck {23]. On the other hand, stubby and wide spines have
generally been related to the regulation of excitability |8] by virtue
of the fact that they bave no neck to restrict the current flow from
the postsynaptic density te the parental dendrite [23].
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Fig. 3. The upper panel shows a represcnrative Western blot of drehrin and [2-actin
expression in the intact control (1C). mildly wained control {MC). and intensively
trained (IT). MW, melecular weight marker. The lower panel shows the expression
of drebrin in arbitrary unus. Mean £ SEM, p» 0,05, (a) IT vs. 1C and (b IT vs, MC
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Wdritic spines may undergo geometrical transformations that
1iead 1o changes in the processing of afferent information.
syroarchitectural adaptive changes in part depend on the
aptic stimulatory activity [341. Small pulses of glutamare
en spines [25] while pulses of greater magnitude [25) or
sve stimudation [ 19]induce Lheir retraction to stubby-type or
searance, In addition, spine plasticity concurs with variations
cxpression of some cytoskeletal actin-associated proteins,
15 (lrebrin |7.35] Drebrin everexpression has been strongly
ated with plastic changes in spine shape [15.24] as well as in
genesis [ 1], In the present study. spine density increased due
ner training, corresponding Le an increase in drebrin and [3-
proteins, closely associated to spinogenesis and to a greater
nt of spines. respectively. This suggests. on one bang, that
nt parallel fibers could sprout [36]and establish synaptic con-
Jth the new spines and, on the other. that spine nearness could
ase their capability to associate afferent information {14]. Such
ic events could help to integrare more efficiently the incom-
nhanced motorinformation in Purkinje cells via parailel fibers,
ng in turn to adaptive changes associated with the more and
+ demanding moter challenges impased.
1e stubby and wide spine types increased specifically in Doth
ly and intensively trained rats. Stubby spines preliferate after
ssive synaptic stimulation [25). which agrees with previous
115 showing thal experimental disinhibition of the prefrontal
2% increases the pyramidal ¢ells' mulriupitary activity [27]. the
¢ density and the proportion of stubby spines in the proxi-
denclritic segments of these prefrental cells [31]. These results
2 led to suggest that spines lacking a neck, such as stubby
vide spines, could be involved in the regulation of neuronal
tability [8,31]. Accordingly. the observedincrease in stubby and
e spines could be related to the regulation of the excitability in
dinje cells during mild or intensive moter activity, Further elec-
hysiological andfor immunohistochemical studies are needed
st this hypothesis.
hin spines have been associated with information acquisition
ng learning |5.20.29]. In agreement, Purkinje cell's thin spines
1 the paramedian cerebellar lobe of rats have been reported
ncrease after chronic training in a complex motor learning
dign |26). The task performed here has no relationship with
or learning but with the force of movement while perform-
the same task imposed from the beginning of the training.
intensively trained vats showed an increase in the density of
hroom spines which have been related with the storage of
rnation 16,20.29), The modifications in both velocity and slope
ased over the four weeks of training could force the animals to
st their motor activity; if this continued over an extended time
od it could then provoke the consolidation of new motor infor-
ion patterns. Thus, such motor adjustments could represent
behavioral bases for the develepment of additional mushreom
es.
n summary, both mild and intensive moetor training induces an
rase in spine density, specifically of those spine types related
e excitability regulation {stubby and wide} andfor adaptive
stments (mushroom). Coordinative motor training has shown
¢ useful to improve rehabilitation after cerebellar injury {33),
nerative cerebellar disease |18} or Parkinson disease [32].
crstanding the ncurobiological mechanisms undetlying such
or training patterns could help to refine beth their design and
tions, favouring patient rehabilitation.
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