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Summary. Tlie effcct of n single iritracerebroveiitricular 
iriJcctioii of colcliiciiie on thc clistribution oi'orgniielles in 
neLii.ons oi' tlic rncsciiccphalic iiucleus of tlie trigeininul 
iier\e. thc inferior colliculus and thc deep cercbcllar 
~iiiclei \+as studied. In tlie rnesenceph:ilic iiiiclcus of the 
ti.igciiiiii:il ner1.e colchicine procluced a drnniatic 
:iccurnulation ot' nc~irofilainent buntlles in tlie sorna of 
tlicw iicuroris niid (lid not produce a rcductioii i i i  the 
iiiimhcr of Iysosomcs. In otlier neurona1 popiilntiori\ 
5t~idied. colchiciiie produced ric~irofilamcnt bundles in 
tlic rlciidritcs and a reductioii of l!~sosoines froni thc 
4oni;i o f  iie~ii-011s. 
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lntroduction 

Tlic ~ i s c  of ccilchicine in neuroscicncc has focused 
priinai-il!' oii its propcrty to inliibit inicrot~ibiile 
polynicriz:itio~i. blocking axoplasmic transport (Scc 
Dustiii. 1984) as well as on its sclcctivc toxicity toward 
ci-;iniilc :irid otlier cell types (Goldscliinidt and Steward. 
1OSI: coiitestnhile and Villani. 1984). Ir1 prcvious 
studics \ve iiidic¿ited that colcliicinc inri!. ~inniask a 
uiiiquc ti-:in\port systein in the denclrites of iieurons 
(Cioreiisteiii ancl Ribak. 1985). Light rnicrosccipic studies 
iiidicatcd tliat. in rn¿iiiy neuronal popiilatioris. lysosonial 
ei iz~ii ics.  iiormally found in neuronal soni¿it:i. wc1.e 
i-iipiclly ti-nnsported iiito the dendrites following a single 
iiijectioii of colcliicine. Both q~i:ilit:itive ¿irid qu~intitative 
electron microscopic firidings dcriionstrutcd tliat the 
bnsis 1'01. this cnzymc i.crlistribution u a s  :in wctual 
ttniisloc;itioii of lysosoines into dendi-iics (Gorensteiii 
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Lind Iiibak. 1985: Gorcnstein ct  al..  1988). Thcse studies 
were conducted in a nurnber of bruin regions and 
i.e\,calcci ¿in iritcresting exceptiori to this trnnsport 
plicnonienon. At the light microscopic le\~cl .  thc' 
rlistribution of lysosornal enzyrncs in thc rnesenceplialic 
trigcminal iiucleus (MTN) W ~ I S  refr:ietory to  thc effects of 
colchicinc. 

The prc4uit s t~ idy  was ~inder taken to cornparc tlie 
cytologic~il zind ultrastructural changes of neurcins i i i  the 
MTN. the dccp cerebellar iiuclei and thc inferior 
collic~ilus following colchicine trcatmeiit. Are  the 
inicrot~ib~iles i i i  tlie somata of these iicuroiis disrupted or  
~ i r c  tliey iiiseiisiti\~c to this tre:rtincnt? Also, an aiialysis 
of such neuroiis inay provide clues for ~indcrstaiiding thc 
mechanisrii h' \vliich lysoson~es selcctively entcr 
dciidrites and  not ¿ixoiis. 

Materials and methods 

Male Spraguc-Dawley r:its (200-250 grn) were decply 
aiiesthetizcd witli :rn intraperitoncal injection of 
pcntobi~rbital, placcd in a stereotaxic apparatus aiid 
iiijected with I ( # )  ~ i g  of colchicine in a voliime cif 10 111 in 
the Icft lateral cerebral ventriclc. Control aninials 
received ¿iii  equi~l  \701~irne of saline. Animals wcrc 
s¿icrificed twciity-four hours later by intrucartlial 
pei.fusion with l%, parafc)rinaldehyde - 1% glut¿rnrldcliyde 
fixative i i i  50 rnM sodium phosphate buffer. p H  7.0. Thc 
brains wcrc rcnioved, cut sagittally alorig tlie midline and 
glucd to a Vibr:itonic stage with cyanoacrylatc glue. A -3% 
solutioii of low-temperaturc agarose (FMC) at 37" was 
poured o\ ,cr  the hrain and allowed to  solidify at rooni 
temperwtiirc. Sagittal sectioris. 50 pm thick. wcre cut ir1 

ice coltl 0.1 M phosphate huffer with a Vibratome. T o  
~iscert:iin the cffcct of colchicine at the light microscope 
lcvel, oiie scries of sections was staiiied t o  visualize 
dipeptitlylnniiii(>peptidase 11 (Dpp  1 1 )  or acid phosp1i:rtase 
LIS described pi-cviously (Gorestein ct al.,  1985). Aiiotlier 
parallel series of sections, staincd with cresyl violet, \vas 
~ i sed  t o  localize 2iiid ideiitify arcas to  be cxaininctl ot tlie 













Neurofilament bundles in trigeminal somata 

Figs 4 and 5. Electron micrographs of a neuronal soma in the MTN 
from a colchicine treated preparation Fig. 4. shows the nucleus (N) 
and a part of the perikaryal cytoplasm of this soina that contains 
cisternae of granular endoplasmic reticulum (R) adjacent to the 
nuclear envelope and lysosomes and bundles of neurofilainents (f) in 
rernaining regions of the soma x 8,600 Fig. 5 shows an enlargement 
of ttiis soma with its nucleus (N), granular endoplasinic reticulum (R) 
lysosomes (L- indicates the one with an arrow in Fig. 4) and bundles of 
necirofilaments (small arrows) x 19,000 

Figs. 6-9. Electron micrographs of other MTN somatafrom colchicine 
treated preparations Figs. 6 and 7 show a portion of a soma with its 
nucleus (N) and adjacent cisternae of granular endoplasmic reticulum 
(R) Note the bundle of neurofilaments (f) that displays crossbridges in 
Fig. 7. x 13.000 and y 45,000. respectively Figs. 8 and 9 show a 
arger bundle of neurofilaments (f) The mitochondria (arrow) is used 
for orientation between the two figures * 11,000 and x 22,000, 
respectively 

Fig. 10. Electron inicrograph of a soma from the deep cerebellar 
nuclei of a non-treated preparation. The nucleus (N) and the perikaryal 
cytoplasm that displays lysosomes (L) appear normal. One terminal 
forms a symmetric axosoinatic synapse (arrow). x 20,000 

Fig. 11. Electron micrograph of a soma frorn the deep cerebellar 
nuclei of a colchicine treated preparation The nucleus (N) appears 
normal but the perikaryal cytoplasm displays many clear areas that 
give t a watery appearance Two terminals form symmetric 
axosomatic synapses (arrows) x 19,000 

Fig. 12. Electron micrograph of a dendrite from the inferior coliiculus 
of a colchicine treated preparation. This dendrite displays a bundle of 
neurofilarnents (f) and axodendritic synapses (arrows). x 12.000 

Discussion 

l ' l ic prii i iai-y f i nd ing  o f  th is  stucly is t l i e  di f fercnt i : i l  
: i cc~ in i~ i l : i i i o i i  of ne~ i i -o f i l a inen t  hundles nnd l!,so\omcs iii 
\oni:it:i o f  thc  hlTN i i i  co lc l i ic inc i i -ca icd prcp: irai ions. I n  
i l i c  XITN colcl i ic i i ie fiiilt'd t o  p roduce  :i r c c l ~ i c i i o i i  iii t l i c  
soiii:itic co i iccn i r : i i ion oE I!~sosoines. Ii i\te:id. co lc l i ic ine 
i i i d ~ i c e d  :i in¿issi \c nccunici lai ion cil' i ie~ i i -o f i l : iment  
h i i i id lcs iii t l ie cytopl: i \ i i i .  Iii o t l i c r  i i c ~ i i ~ o r i ~ i l  pop~ i l ; i i i o i i \  
c\ ;amincd co lch ic ine Ied  t o  :i r e c l ~ i c i i o i i  iii t l ie 
co i icc i i i i 'a t ion of'soni:i i ic I ~ s o s o n i e s .  h ~ i t  clicl no [  p roduce  
ti11 : iccuni~ i l¿ i t ion o f  ncui.of i l¿imcri t  hui ic l lc\  iii t l i c  
ck,toplasni. 

T l i e  cytopl¿ i \ i i i  o f  hITN i i e ~ i r o i i c  o f t c i i  coi i t : i i i icd 
;irc;i\ iii \ \ l i i c l i  i l i c  norm:il co i i ip le inent  ol'oi-g:iiielles \v:i\ 
clispl:iccd h!, t l ie ne~ i i -o f i l i ime i i t  bundle.;. 111 thcsc cells. :i 
n:ii-ro\\ r i m  o f  cytopl¿ism c o u l d  h e  seen compsc\sed 
;ig;iiti\t t l ie  iiiicle:ir ei i \ ,elope o r  the pl¿ism:i inemhi-;irle. 
111 t l ic \e  Lireiis o f  sclueezed cytopl¿ ism iiLimei.oLis 
oi-gii i icl les \\.ci.c ohsei-ved. 

\\'e I i ¿ i \ c  prc\.iousI!, slio\vn t l i ~ i t  colcl i ic ir ic induces :i 
i .e t l i \ t r i l i ~ i t i o i i  o f  Iysosomes a i i d  l ipofusc i i i  gr:iiiules f r o i i i  
t l i t '  cc l l  lioclic.4 o f  iieui-ons t o  the dendr i tes ( ( io rens tc in  
kiiid R i l i ~ i k .  IcjS5: G o r c n s i c i n  c t  a l . .  1985: 1988). ,A 
i iot;ihle c \ccp t io i i  t o  th is  p l i c i i o n ~ c i ~ o n  \vas obsci-vcd i n  
t l i c  klTN. Tlii3 t i i i d i i i g  \vas n o t  unespcc tcd  since t l i t ~ s r  
IIL*LII.OI~\ k~i-c ~ > \ c ~ ~ c I o u i i i ~ ~ o l : i r  :lricI Ii:i\,e fe\\, o r  110 
dc.iidritcc (U7; i lhcrg.  1984). I t  wi is n o t  clc:ir. l io\\.c\,cr. 
fi-orii o ~ i r  i-esiilts \v l ieiher co lch ic ine l i a d  n n y  c f f cc t  on t l ie  
i n t e ~ r i t !  01' n i i c ro iubu lcs  iii MTN ricuroi is.  T l i e  r e s ~ i l i s  
prcsctitecl iii t l i is stud! i11dic:itc tli:ii i n  t l i c  MTN 

ccilcli icinc \\ 214 el 'fcctive iii i r icrc¿ising the  iii t r¿ isor i i~ i t ic  
conccn t r¿ i t i on  o f  i icurof i l¿ i i i ie i i ts .  r e s ~ ~ i i ~ h l  h!, 
disi .upt i i ig t l ic i i .  t r¿ inspor t  i n i o  m o n a .  I n  : idd i t io i i .  t l i c  
~iri: i l tcrccl coi icci i t r : i i ion oi Iysosoi i ics i n  i l i e  s o i i i ~ i  o f  
t l icse i i e ~ i r o i i \  coiit ' ir ins p r c \ i o u s  resi i l is s l i o \ \ i i i g  iIi;it 
1!~stis0~11e~ c i 0  110t e l l ic l -  :IsOlls f0110\\.illy c o l e l l i ~ i ~ l ~  
irc: i tment. 

A c c u i n ~ i l ¿ i t i o n s  o f  I:ii'gdburidIcs o f  nc~i i -o f i la i i ients  iii 
t l i c  cytolbl:isiii are cl i¿ir i ictcr ist ic oi' colcl i ic ir ic i rc: i tcd 
MTN iicur-0114. O i l i c r  i i i \cstig:itcirs I in\ze ¿ilso ob\cr\ .ccl  
n e ~ i r o l ' i l a n i t ~ i i t  ¿icciinii iI: it ioiis fo l lo \v ing i n t c r v e i i i i o i i  
\\ i t l i  n i i c r o i ~ i l ~ i i l c  po i \o i is .  I r i  i.:ihhits ar id r n i  ccl ls t rc i i ted 
\vi t l i  s i ~ i ¿ i I I  dose\ o f  colcl i ic ir ic (Pc te rso i i  :ind M u r r n y .  
1966: Wisnic \ \s l \ i  :iiid 7'err!. 1007: Wis i i ie \v \k i  e t  al.. 
1068). i i e ~ i r o f i h i ~ i l l : ~ ~ ~ ~  :iggreg;itcs s im i la r  t o  [hose 
dc\cr ibecl iii i l i c  X I T N  w c r e  ohsci-\,ccl ir1 r i i i i i iy i icuroi i : i l  
~ o p ~ ~ l : i t i o i i s .  111 c-o i i t r~ ic t .  e clid i i o i  o h s c r \ c  
r i e ~ ~ r o l ' i l ~ i i i i e n t  hi i i ic l lcs in t l i c  clccp cercbcll: ir niicl 
i i i fc i . ior  c o l l i c ~ i l ~ i \  i ieLiron\.  S ~ i c l i  ~ i i i  ~ ihsencc .  I io \vcvcr .  
i i i¿ iy  r ~ p r c s u i t  ~ l i f f c i - c i i ccs  iii t l ic  t in ie  course fo l lo \ \~ i i i g  
co lc l i ic i i ic  i i iJcct io i is  o r  \impl!, r cp rescn i  clifferciiccs i i i  
t l i c  r a i c  of i ie i i rol ' i l : i i i ic i i t  syi i t l icsis iii va l - io~ ih  i iciirori: i l  
p~>~7l l l : i t io l ls .  

T h e  l ' i i icl i i ig o f  i i e ~ i r o f i l a r i i e n t  hu i id les i n  i l i c  ~ le i id i . i i c \  
o f  t l ic  i i i i 'er ior co l l icu lus o f  co lch ic i i ic  t r c ~ i i c ( l  
17rcp;~: i t ions i\ i i i ic i -cst ing.  T!,picnllk,. clendi-ites coiit: i i i i  
h o t l i  i i i i c i ~ o t ~ i h u l e s  i i i id i i c ~ i i - o f i l ¿ i n i c i i h  \vl i ic l i  n rc  : i l ig i icd 
~ 7 ~ 1 r ~ i l l t . l  t o  c:icli o i l i c r  (Petera c i  al., 1076). I r i  t l i e  ;ihsciicr 
o f  i i i i e ~ ~ o i ~ ~ l i ~ ~ l e s .  t l i c  n e ~ ~ r o f i l : i ~ n e n i s  iii t l iesc dci ic lr i tc\  
foi-ni  hu i id les siniilai- iii s t r ~ ~ c t ~ i i . ~  10 i l iose o h s c r \ t d  iii i l i c  
soni:it:i 01' h.1-l'h: neurons.  Howevci-.  t l ic \c  dendr i t i c  
l b~ ind lc \  n c \ c r  :icliic\,e i l i c  siyc o r  p r o p o r t i o i i  o f  [hose 
encouniei-cd iii t l ie  MTN. 

'I'licsc ob.;er\:itions :irc per t i i i c i i t  t o  soi i ic 
i i c ~ i r o l o g i c i i l  disoi.dcr\ that cli\pl: i~. n e ~ i r o f i l : i n i e n t o ~ i \  
hu i id le \ .  Fo i -  c\:iiiil7lc. i l i c  i icurof ihr i l l i i r !  t ~ i n g l e s  f o u n d  
i n  t l i c  hi-:iin.; 01' ,A l / l i c i i i ie r ' \  p:itieriis i i i i i y  re f l cc i  21 

disi.uption iii t l ie  noi.ni:il i ' ~ i i i c i i o i i i i i g  o f  thc  n i i c i - o t ~ i b ~ i l e  
systeni ((;;ijd~isck. 1C)Sh: C;oreiisteiri. Ie)S7). 
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