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Thc si1nplc ce1cbcllar lobulc is inv.;ilvcd in scvcral ncuron10tor proccsscs ,11ld ot is aclovJtc<l durmgguidcd 
exercise. Allhougil guided exercises are essenrtal for motor rehabilitation. tlle plastic evenrs thJt occur 
in the -;imple ccrcbcllar lobulc dunng morar training rema in unknown. ln th1s study. norn1~1 adult rato 
werc int~nsely traincd on a motorizcd treadmill duringa period offolirwe~h(ITgrOllp) varying both the 
velorny and the slope ofthe nwvmg bel t. and thcy werc compared m a mildly tra1ned (MC) g1oup aod an 
intact control ¡;:roup (lC). Ocndriric spine dcnsity and \llopornons oflhc differenl .<p1ne typeson r\irkmjc 
cells was a . .,es.<ed in !he cerebellar .<imple \obule. as was drebrin A expre.<sion. Coth dendrittc spine 
dcnsity and drcbrrn cxpr~ssion incrcJscd in thc MC and IT groups. Stubby spLnc·s werc more abund.rnt 
in thc MC animal.'<. wh1lc therc was an increasc in both Stubby and wide spinc, ;n IT r~t,. In addicion 
mu.<hroom spmes w"rc more riumcrou.< in thc IT group. lncreases in stubby and wtdc >pines could be 
related ro regula1ion ofl he excirabiliry in Purkmje cell-; d"e 10 thc moro,. tr;üniog r~gimc expe-rienced by 
thc MC and IT rats. Morcover. the obscrvcd incrca>c in mushroom >p•nc> in thc IT group could be reta red 
wHh the motor adiusrment.< imposed by tr.lining. 

motor training involves the activation of severa! brain regions 
as the sensorimotor cortex. lateral ventral thal.i.mic nuc!eus. 
ccrebellum. all of wh1ch are integrated into the cercbe\lar­
tmic-cortical circuir (CTCc). Functional activity ofthe CTCc has 
, implicatcd in somatosensoryintegration {28] and information 
inng \51 in order to achieve adequate motor coordination. ln 
tion. CTCc activity provides che motor cortex with information 
rding the timing, velocity and force associated with movement 
. In particular. the simple lobule of the cerebellum is invo!ved 
>11trolli11g the cxecution of movcmcnt through feedback com­
son with inforn1ation coming from the spinal cord !31. 
~otor-skill learning and not just voluntary motor activity 
ice an in crease in thc number of granule cells" parallel llbers 
ipses in the cerebellum [ 4,22]. as we\I as synaptogenesis in the 
or cortex !21,38]. However, normal rats which exercised on a 
rod treadmill activatcd CTCc-rclatcd cerebral regions. includ­
the !efl simple tobule of lhe cerebellum (16]. suggesting that 
ptive plastic changes of dendritic spines mayal so occur in cere-

:orrcspondmg Jutl10r at: laborator10 de P<icobLologíJ. Divo<1611 M Neurocten­
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bel!ar Purkinje cells. Oendritíc spines have bren shown to undergo 
plastic changes that .1re depende11t on the nalure of thr presy­
naptíc stimu!ation jl 1 l. Th11s. since rurkinje cells integrare all the 
affcrent information to a:rcbcl\ar corte X and their dendritic spinrs 
receive most of the excitatory inputs from para 1 lel fibers. changes in 
afferent information to PurkinJe cells could be integrated through 
morpho\ogical plastic cl1anges at the dendritc spine !evel. Consid­
ering that these cells represent the only corticocerebellar eITerent 
output, we have evJluated che possible plastic changes to Put·k­
injc ce!! de11dritic spines in the simple lobule of the ccrebellum in 
nom1al exercised Jdlilt raes. 

Ma!e Sprague-Dawley adule rats (11-30) weighing 250-300g 
wcre u sed 111 this study and theywcrc assignedto oncofthree study 
groups: an intensely traincd group (lT: n • 1 0) .• 1 mildly trained con­
trol group (MC: 11~10), andan intact control group (lC; n-10). 
Only the 1T and MC groups wcrc subn1irted to thc motor train­
ing protocol. Rats from both the IT and MC groups were placed on a 
motorized trcadmil 1( Panlab) for 15 min ata speed of 15 m/rnin/day 
during 7 days. Throughout this pcriod. a 0.4 mA current was pro­
vided from a shock grid, forcing the rat to run on the treadmilrs 
ro\ling belt. The rats learned to Jvoid the shock grid betwcen the 
first and second day. The exercise protocol was only continued for 
the ITrats for a further three weeks, 5 days a week, and when elec­
tric shocks were no !onger u sed. The rats were trained for 30min at 
a speed of 16.2 m/minjday during the llrst week and in the follow-



·ek. the rat> wcre trained to run at 18 m/111111 for 30 n1in/day. 
1. cluringthe \ast fivc- c\Jys the rats r.1n ar ;i ~peed of 1Sm/min 
min/d;iy on a 5 s\opc. 
e day after the behavior,1\ trairiing ended. ~1x a1111nals were 
imly 5elected from ~·ad group. Thc animals wcre anacs­
ed wilh ethyl ether. and then perfused with 200ml of 
•hate-buffered sa\1ne (PBS: O.O 1 M. pH 7.4) containtng sodium 
in ( 1000 lU/L} and procamc hydrocl·,\onde ( 1 l\IL} ]9J. Th<.' rats 
subseQl1ently perrused with 200ml ora phospbate-bt1ffere(I 
rma\dehyde soluiion. also ata rate of 11.5 ml/min. The .1n1-
br,11n was then removed ami fixed for 48 h 1n 100 ml of fresh 
on. ami a t1ssue block írom the lefl cerebellar hemisphere con-

1g the simple lobule j30] was impregriated using .1 mod1fied 
)ll of the Golgi te<.·hníque \121. Sagittal sl1ces (7Sµm thick) 
mounted on s\id<:'".~. and G impregnated a11d clearly visible 
nje neurons per anima\ were studied "blind" frorn Nch ral. 

lcnsity ofthe spin<.·-l1ke protrusions was quantified. as was the 
ortion of thin. stubby, mu~\lroom. wide. branched and double 
:s \11.13.37]. These spincs were coun!<:'"d in a total stretch of 
m from 3 to 4 apical terminal dcndritic branchlets distal to the 
l (Fig. 1 ), in eacb ofthc six cells studied per rat. Counting was 
)rrned by direct observation at 2000Y using a m,1gnification 
•gcr coupled to a lighr lllicroscope 

Tl1e re1na1ning four animal~ m cadi group werc u~ed to deter­
mine the drcbrin cont<.·nt. Total protcin cxt1·acts w<.·re prepared 
by ho1nogeni&1tion of thc lef\ cerebellar s1111plc lob11\c of lhc IC. 
MC and IT animal~ i11 a o;odium dodccyl >ulfatc (SOS) butTer {20% 
g!yccrol, 4.0% SDS. 125111M Tris-HCI. 10% ll<e'l"CaptoL'th,11101. pH 
6.S). The prolein content was dt>tcrmined accordrng Lo the Lowry 
method using bovine >erun1 ,1lbu1111n (SSA) ª' rhe standard. The 
samplcs wi:re boiledin SDS buffn (3 mi11. 100 C) and 30 µg of 
proti:in w~s \o,1ded in each lane ola 10% poly~cryla111ide gel. E\cc­
trophoresis was c;imed out a¡ 200mA, and the protems 1n the 
gel wcrc subscqucntly electrobloncd omo nitrocdlulu>e mcm­
branes {H_vbonctn·1-c pure. Amersham l'harmacia B:otech), The 
m~mbranes werc- iricubatcd íor 1 h al room ten1perature with a 
blocki11g solur.on (TTBS) contai11in¡:: 1 O mM lc'is {pH 7.4,\ 1 SO mM 
NaCL 0.01% Tween 20. 2% BSA. and 2% .>ki111 niilk. They were lhen 
incubatedovernight at 4 C with anant1body againsl drebrin ( 1 :500. 
Santa Cruz Biotech. !ne) am1 ¡?.-,1ctin ( 1: 1000. Sigma) fo\lowed by 
incubation with a second~ry biotinylated anti-rabbit J¡::G gcner­
.1led in horse ( 1 :2000, Vector Laboratories Vect,1stain, HL1r\ingaine. 
CA. USA). Antibody binding was detected and v1sualized with 3,3-
dk1mino-benz,dine and thc sizc- 0fthe drebrin protein dctected was 
!20kDa. Proteins were visua\ized ancl analy1ed using Kodak Digi­
tal Set en ce 1 D software. ver. 3.0.2. (Easm1an Kudak Co .. Rochester. 

~ 1. Upper panel: photomicrograph of apical dcndritic b<•nchlcts (arrow') of a Purkin¡c cell. wl1erc sprnos were countcd. Sca\c l>.lr• 15µrn In !!10 lower panel. pho­
ntcrographs show thin (J\). stubby (Sl. mushroom (C). wide (D). bronched (E) and double (f) spine> (orrow.<]. reprcsentative ofthose cou11ted in the present study, Sea le 
·5¡im 
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PllOtoowuo~<Jphs of1cpro.>eniattvc l'mkin1e cell apic.11 dcndriri< br<mchlers fro111 inracr con'1ol :Ai. ,rnldly '""""·•1conrrol re;- .1nd mren"vel;• '"""eU (CJ '"''·>loto 
cro.1'0 111 sp1nc don<ity 11, B .111d C when Lllildly .rnd """"'"'ely tr''"'ºd ''"' wcre co1np.trod w1111 u1t,1n ,11Hm,11_< '.AJ. Se ale b,u: 10 µn1 

to evaluare thc intcnsity ofthe co1npktc spot arca. which was 
essed as arbitrary units of intensity. Ali measurem('nls were 
e in dup\tcate. 
or the statistic.1! analysis of spinc dcnsity. data from ¡he six 
. per rat were averaged. and lhe average ofthe six anima Is pcr 
1p was compared using the one-way ANOVA. fo\lowed by the 
cy post hoc test. Thc samc tests wcn: used to compare thc data 
11 Western blots. Finally, one-way ANOVA followed by the Bon, 
orü corrcctlon post hoc test was uscd to analyzc thc dcnsity oí 
difkrE.'nt spinc typcs. 
file dendritic spine dcnsity on Purkinje ce!L<> diffcred in each of 
thrcc- groups of anirn.1ls studíed (F-10.624, p<0.001: Fig. 2). 

: dcndritic spine density in Purkinje <::e\ls from both lT and MC 
; was grcatcr tl'i.111 that in lC animals (p<0.001. and p<O.OJ: 
pcctive\y), and thcrc was no diífcrencc in thc dcndritic spinc 
lSity in Purkinjc ce!ls frorn MC and lT anirnals (Table 1 ). 
~arding thc diffcrcnt spinc typcs. stubby (f ª 13.G. p < 0.0001 ), 
1shroon1 (faG.4. p<0.01) and widc (F~S.0, p <0.02) spinc dcn­
ics wcre diffcrcnt in thc threc groups studicd. whtle thc dcnsity 
thin. branched and doublc spines rcrnaincd unchangcd. Stubby 
incs wcre more nurncrous on both 1T and MC Purkinje neurons 
an on those ofthc lC group (p < 0.0001. andp < 0.01; rcspedivcly), 
d the density of mushroorn spines was grcatcr in 1T anirnals than 
1C rats {p < 0.008). Final!y. widc spincs wcre 1norc numcrous in 
rats whcn comp<ircd with 1C anirnals (p < 0.02; Table 1 ). 
The levcls of drebrin difkrcd betwecn the threc groups studicd 

"'7.58. p<0.02) and thc rr group contained more drebrin than 
,¡h che IC (p<0.02) and MC (p<0.04} rats. Therc was no signifi­
nt diffC'1·cncc in drcbrin content bctwccn thc lC and MC animals 
ig. 3). 

blcl 
inc density Jnd proportionJ 1 dc11oity of tlw ditforcnt typc' of >Pinc,, \lt thc smtpk 
¡ulc of l\irkonJe rclls frorn iotact control (lC), rnoldly moior-1rarncd control (MCI 
d mtcn<ovely motor-tr:i1ned (ITl rat• 

" MC IT 

;p111erlem11y 133.7=eS.1 150.0 ± J.6' 159.s ± J.o" 
;pinc typc.< 
fhin 522 = 1.7 53.9 = l.6 51.7 ± 2S 
>tubby 25.0 ± LS 31.0= 0.G• 33_9 ± 1.3" 

Vl•«lm>0111 44.\=26 51-3 ,, 57.3 ± 4.4" 
iNidc \0.6 .!. 0.9 11.5 u 14.6 l O.G' 
Sranched 1.1 = 0.1 u º·' l.3 ± 0.\ 
Double 0.6.,. 0.07 º·' º·' 0.7 + 0.1 

o.ln±SEM 
:O.OS. 
• MC>'S.\C. 
' ITv>. IC 

Thc vcnnis and intcrmc-diate hemispl1c-ric lo!J<,s of thc ccrcbcl· 
lum are strong\y i1wolvcd in n1otor coordinatton \2!. Thcy receive 
movcmcnt-rclatcd information through spina\ cxcitato1-y affercnts 
>uch a~ mossy fibcrs. which excite thc dcndritic spilK'S of Purk· 
injc cclls through the parallel fibers of gra1rnle cells \ 10]. Thus, thc 
dcndritic spines ofl'urkinjc neurons wou\d detect any significan! 
changc in thc motor coordination-rclatcd synapiic .1ctiv1ty. 

Plastic changes in dendritic spines. including modifications m 
lhcir dtstribution. density and/'Jr shape . .-ire relatcd to the dif" 
fercnti.-i! procC'ssing of synaptic 1nformation. ln general. thin and 
mushroom spincs have bcen considcred to bC' the most cfficient 
spincs in Lransrnitting synJptic impulses. attributed in pJrt to thcir 
narrow neck \23 ]. On the other hand. stubby and wide spinE.'S have 
gencrally becn rclJtcd to thc regulation of c:><citability \S 1 by vinue 
of the fact that they l1avc no neck to restrict the currcnt ílow from 
thc postsynaptic density to the parental dendrite [23 j. 
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Fig. 3. The upper p>ncl shows> represcn«ltive We,tcrn blot of drebrin >nd ~-.ctin 
~xpression in !he intact control (IC). nnlrlly train.,J control (MC~ ilnd 1ntensively 
triltned (IT). MW. molecut.ir weiglil mJrker. Tiw \ow~rpilnel shows the expression 
of drebron in orb1tr.lfy umr<. Mean±SEM. p>0.05. (•) ITvs. \C and (b) ITvo. Me 
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1dritic spines mJy undergo gcomctrical transform,1tions that 
\ kad to d1angcs in thc proccssing of .afkrc11t inform,1tion. 
:ytoarchitccll•r<1I adaptivc ch.anges in part depcnd on the 
l.wnc stinrnl.:itory .activity l34j. Sniall pulses of glutamate 
l'll spi11cs [25] whilc pulses of gre.1ter ma)';nitudc j25] or 
.ive sti1rntlation l 191 induce lheir retraction to stubby-type or 
warancc. ln add1t1011. spine plasticity concurs with variations 
exprl'SSion of sorne cytoskcktal Jcti11-associated protc1ns. 

\S clrebrin [7.35]. Orebrin overexpression 11.1s been strongly 
atcd with plastic changes in spi11e shape ! 15.24] as we\I as in 
gencsis ll ].111 the prescnr study. spinc dcnstty mncasl'd duc 
•tor train111g, corresponcling loan increase in drcbrin and ¡3-
p1·oteins. dosely associatcd to sp;nogenesis .ir1d to a greatcr 
nt of spmcs. respectively. This su¡:gests. un one han_.. that 

·nt pMallel ftbers could sprout 136] and estab\ish synapticcon-
1i th thc new spmcs and. on thc ot her. that spi ne nearncss cou ld 
ase thc1r capability to <1ssociate affercnt information ¡ 1 4 ]. Su ch 
1c evcnts could hOO'lp to integrate more effickntly the incom­
~h,1nced motor inforrnation in Purkinje cel\s vía paral\el fibers. 
ng in turn to adaptive changes associated with the more and 
· demand!ng motor challenges imposed. 
ie stubby and widc spine types increased specifically in both 
ly and intensivcly trained rats. Stubby spines proliferate after 
~sivc synapti<: stinrn!ation {251. which agrc<:s with previolL$ 
rls showing th<1l experimental disínhibition of the prefrontal 
?X in<:reases the pyramída\ ce!ls" multiunitary activíty [27]. the 
r: densiry and thc proportion of stubby spines in the proxi­
dcn(\rilic segmenls of those pre frontal cells [31 J. TI1ese reslilts 

_, lcd to suggest that spmes lacking a neck. such .is stubby 
~idc spinr:s, could br: involvcd in thc rcgulation of neurona! 
tabi!ity jS.31 \. Accordingly. the observcd incrcase in stubby anc'. 
e spincs could be relatcd to che rcgu!at1on ofthe cxcitabiliry in 
<injc ce lis during mil el or mtensivc motor anivity. Furthr:r clcc­
>hysio\ogical and/or imrnunohistocheminl studies are needed 
~st this hypothesis. 
íhin spincs have been associated with information acquisition 
ing learning 16.20.29]. In agrcernent, Purkinje ce\l's thin spines 
11 the paramedian ccrebellar lobe of rats have been reponed 
1ncrcase after chronic training in a complcx motor leaming 
adígm [26]. The task performcd here has no relationship with 
tor learning but with thc force of rnovement whilc perform­
the sarne task irnposed frorn the beginning of !he trainíng. 

: intensively trained rats showed an increase in the density of 
1shroom spincs which have been related with the storage of 
ormation \6,20.29). The modifications in both v('locity and slope 
posed over che four weeks oftraíning cou\d force the animals to 
just their motor activity; ifthis continued over an extended time 
nod it could then provokc the consolidation ofnew motor infor-
1tion pattcms. Thus. such motor adjustments cou!d represent 
~ bchavioral bases for the development of additional mushroom 
mes. 
ln sumrnary, both mi\d and intensive motor traíning induces an 

crease in spine density, specifically of those spine typcs relatcd 
the cxcitabihry regulation {stubby and wide} and/or adaptive 

ljustn1ents (mushroon1). Coordinativc motor training has shown 
be usefu\ to improvc rchabllitation aftcr ccrebe\lar injury 133!, 
~gencrative cercbel\ar discase [ 18) or Parkinson diseasc \32]. 
ndcrstanding thc ncurobiological mechanisrns undcrlying su~h 
otor training patterns could help to refine both th('ir design and 
iriations. favouring pati('nt rchabilitation. 
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