


Dense bodies in IDPN-intoxicated cats 

useful for investigatiiiz niore bnsic nciirohiologic¿iI 
~>rohleins.  

In tlie course of a study oii tlic cvnliition oí' nxonal 
s\vellings in the spinnl cord of cats ti-cntcd ivitli IDPN 
(Dclio et al..  1985). tlic occurrcncc of sc\ci.al pigmciit- 
likc incl~isions and of dense microspheres ( I IMS) w ~ i s  
oliser\~cd in tlic vcnti-al horns. Sincc sevci-al t!;pcs o f  
dense hodics ha\je bcen reported i i i  nssoci:ition w'itli 
axonal swellings in Iiunian ~xithologicnl conditions 
:iffectirig tlie CNS,  an analysis of tlie DMS occ~irriiig in 
IDPN iritoxication was undci-taken in thc nttcmpt to 
corrclntc their presence witli sonic of the iiiorphologic¿il 
aiid functicin:il fc¿iturcs reportcd in tlic spiiial corcl oí' 
IDPN-trcatcd cats (Fiori and Lowndcs. 1984. I9Sh. 1988). 

Materials and methods 

Thc  present study was a compleiiiciitury p:irt of :i 

in»i.c extensive iii\,cstigation. tlie rcsults of \vhich ha\,e 
bcrn publisliecl clsewhci-e (Dclio ct : \ l . .  1985). Adult 
iiiongrel cats of eithcr sex wcigliing bet\\.ccn 2 aiicl 4 kg 
\vere Iio~iscd sepai-otelv :iiicl fcd coinnierci¿il pet food aiid 
water ad libit-um. ~x~er i ine i i t : i l  cats \vire ii!jectcd 
iiiti~operitonc:ill~~ (¡.p.) with n single \veckl!. closc oí' 
IDPN (5(i mglkg in n 3% ( \ , /v)  sol~itioii oí' 5inM 
pliospliate huffcr: Shiinono ct al..  1078) f'or oiic to fivc 
wecks. Other  cats. caged for corrcsponding aiiio~iiits of 
tinic. wcre used as controls aiicl injcctcd ¡.p. w.itIi  \vcekI!; 
doses of phospliatr buffer. Furthci- det¿iil\ oii tlic clinical 
inanifcstatioiis of IDPN intoxic¿ition i i i  c:its 1iai.e hccn 
reportcd (Delio ct  al . ,  1985). Altlio~igii tlit .  agc of tlic 
c~i ts  ~ ised i i i  the presrnt invcsti,~¿ition co~i ld  iiot he 
¿issesscd with cei-t¿i-inty. al1 of t h c h  wcrc youny adults 
~xesuin;ibly ngcd 2 ycars or  Iess. cleterniiiicd h!; tlic 
tliickness of tlic skull and bony tentor i~im.  

For niorpliologic~il study. anini:ils \+ci.c aiiestlictizcd 
\+.itli sodiuni pentoh:irhital arid pcrfused ti-ansc:irdially 
\vith C litcrs o f  :i pliospliate-b~iffercd oldeli!,dc iiiixt~irc 
( 1 '%, 17;ir;iforiii:iIdeliyc1e and  1.25'%1 yluini.alcleliydc. pH 
7.4. n t  37°C) follo\vcd by 4 litcrs of 2.5-4'%, 
glut:ii-:ilclcliyde. siinilarly bufferccl (Friedricli aiid 
hsli~giiaini. 1981). Tlie entire CNS \vas remo\~cd ancl c ~ i t  
in coroiial. parasagittal o r  trasverse planes: scctions 
i-cprcscntati\e of diffcrcnt regioiis wcrc triiiirned to  arcas 
about 1 i i i i i i  in diameter ~ i n d c r  a dissecting iiiicroscopc. 
Blocks wcrc postfixed witli but'í'crcd 2'% osmilini 
tetroxide. stainecl en block witli ~ii.nnyl acctatc. 
dcliycli-ated througli a groclcci series o f  cthyl :ilcoliols. 
waslied ir1 propylcne oxide and cmhcticlcci in ari Epoii- 
Ai-nlclitc rcsin niixt~irr .  

~ ~ S c n i i t l i i n ~ ~  ( 1-2 ~ i m )  sections v,crc st:iined \vitli  1 TI 
toluidine bluc. countcrstained with cosiii. niicl csiiniined 
hy liglit microscope for furtlicr sclectioii of thc blockcd 
:ircas. Serial sections were tlicn ohtniricd froiii idciitificd 
scgnicntscof tlie spinal cord aiiri. aftcr resin i-cinov~il. 
stuiiicd altcrii:itivcly with PAS (pcriodic acid-Schiff) for 
polysaccli¿iricies. von Kossa's (1001) sil\.cr nitrate 
tccliiiiq~ic for calcified deposits. modií'icd according to 
tlic tcchniq~ie of G:illyas arid Wolff ( 19S5). aiid Bodian's 
riicthod Sor neurofilanieiit polvl>cpticles ((;nriibctti ct  al..  

1981). Sornc scctioiis \vere pi-oyrcssi\~cI!~ ciestiii~icd b!- 
successive passage through 707%- 100% cth!,l alcohol\: in 
ordci- to  ¿iscci.tain the ncidopliilicity o r  tlic hasophilicit\ 
of tlic S I I ~ L I C ~ L I ~ ~ S  prescnt in a gi\,en scction. additioii:il 
cliffci-eiitiatioii was ¿icliic\,cd hy iinniersion in alcoliols 
coiit:iiiiing coiicciiti-ated :irnmoiii~iin hydroxicic aiicl 
hydrocliloric :icicl, r c ~ p c c t i v c l ~  !Shcchaii tind Hrapcliak. 
1980). Sections foi- ~ i l t r ;~s t r~~c tu r :~ I  cxnminntion cre 
ploced ori ~incontcd copper gricls. clo~iblc staincd \ \ i i l i  

~ii.nnyl acctaic and  le:id citratc. ancl sc¿iiincd in :i Pliilips 
300 clectron niicroscope opcratcd ut 60 k v .  

Results 

A s u r ~ c !  of seniithin scction4 cut ut differcnt le\cls 
tlii.o~igli the spinal coi-d of cuts iii,jcctcd with IDPN for 
oiic and [\\,o \\ccks rc\,caled the pi-csciicc of sinall. 
globoid. cosinopliilic str~ictures.  1-13 ~ i i i i  in diainetcr. i i i  

the iiciiropil of tlic ventrol horiis, \vitliout npp¿ircnt 
consistcnt relatioiiship to blood vcsscls o r  p:irtic~il:ii. ccll 
typcs. A \pecific senrcli in hlocks obtainccl from othci. 
C'NS i-cgioris (frontal aiicl parietal ccrchr:il costiccs. 
1iipl~oc;iiiipus. mcdial thalnnius, s~ibstai i t i~i  iiigi.:~. 
~>cri:icl~~cd~ict;il yray matter. crrchcllai- veriiiis aiid 
flocculus) í'ailcd to identify similar bodies i i i  citlicr gra!, 
o r  \vliitc miitter. Siniilarl',. no DMS \vere found i i i  nii! 

p;irt of tlic C'NS. incluiling spin:il corcl. in botli coiitrols 
:iiid cats trcatcd witti IDPN for f i \c w,eeks. 

Whcii p:~ticiil:irly sinall (Fig. I ) .  DMS mal, csc¿ipc 
rccogiiition or be rcgarded as a staiiiinf :irtikict. Thc!. are 
intcnscl!. eosiiiopliilic brit do  iiot st:i¡n \\.itli PAS. \.o11 
Kossa's or Bodiaii's method. s~~ggcsti i ig tIi:it the!; do  iiot 
coiitain polys:iccliaride.;. c:ilci~im phospliatc or 
:irgyropliilic ni:iterials. Altlio~igli frcq~icnil! fo~ind in tlic 
proxiinity oE iici-\:e cell hodies or  closcly :icljacent to 
dcndritcs (Fig. 3) .  LlhlS wcrc iiot rcl¿ited in tlic 
fori~i:ition aiid c\.olution of nxonul swelliiiys. Tlicy 
occurrcci \ \* i t l i  ciiffcrent frcclucncies nnd cliiiiciisions 
rcgardless of the ii~iinbcr niid sire of oxoiial s\\,clliiig\ iii 
¿iny indi\iclual scctioii. 111 particular. DklS wcrc nc\ ci. 
ohsci-ved ne;ir axon srgnieiits u'itli rcduced or  abscrit 
ni!,eliii shcatlis. ~inlikc tlie rn!,clin whorls 01 clehris 
occasioiially fo~ ind  iiear soine motor axons at eai'l!. stayes 
i i i  IDPN iiitoxication (Delio ct al..  1985). Hccause of thc 
largc \,:iri¿ibilit!; i i i  DhsIS diameter$. sci.iul sections (0.5-1 
liiii) \vere cut frorii hlocks wlicr-c thest. hotlics \\.ci.c 
encouiitcrcd \+ith grcatci- frct~uriic!;: i t  \\:as ascci-tainecl 
tliat sniall DMS did not appcar to bc part of Iiirgei- DMS 
\vhicli Iiad hccn sectionctl tangeiiti;illy. nor did ihc!. 
:i1~pc;ii- 10 [ic cleri\.ccl by splitting froiii I~irycr DMS. 

Electroii microscopic cxaiiiination of serial scctioiis 
i.cvcnlecl tlie prcscncc of sin:ill dense hodies i i i  astrogli~il 
Ixocc'se\ (Fig. 2 ) .  Tlie fiiic struct~ir;il :ippciir:iiicc of hotli 
extra- iiiid inti.:iccII~ilar DMS wlas sinii1:ir. s~iggc\tiiig tti;it 

thc!; mny sliarc n conirnon origin. A clcnse microsplicre 
Iiad the appciirancc of :i round. clectroii-dense 
corl7~1scIc. s~i r roundcd b!. aii orgaricllc-likc single 
inenihr;iiic. coii tainii i~ a cottony or  fiiiely gran~ilar  
n1:iti.i~. Tlie contcnt \\las consistcntly hoiiiogciico~is. 
\vithout aii!, ~i~iracryst¿illine arrnrigcment or  struct~isetl 
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conipoii~'iits siicli as filanients oi- tubules: thc liiniting 
rnemhi.anc u a s  single, suggesting that riiitochoiidria 
wcre iiot involvcd in the formntioii of intracellulai- DMS. 
In soiiic scctioiis. Iiowcver. rouiidctl rlectron-dciisr 
hodies \\:iith honiogeneous osmiophilic content wcre 
obscr\,cd in  iiiitochondria of both iieurons aiid glial cclls 
(Fig. 1). I i i  ti.;iiiii tochondi-ial boclics too were si1i.i-o~iridecl 
h!. a siiiglc riiembraiie: i t  is rcmai-kable that tliese boclics 
~ ~ c i - c  nevc i .~hsc r \~cd  irnrnedintely outside tlie organelle. 

St:iiiiirig c1i:iractri-istics nnd ~~lti-astructiirul fc:itiires of 
DbIS i i i  hoth iiitra- aiid cstracellular location wci-c 
ccin5isterit u.itli ¿i protein¿iceous conteiit: howc\.ci. iio 
x p ~ i f i c  iiiiin~iiioliistocIicniic:~l technicliies wcrc used to 
ch~iriictei-ize thc clicniicnl coinpositioii of thc electi-oii- 
dense r i i ~ i t  ris. 

The fi.cq~iciicy of DMS in the \.entra1 hnriis of IDPN- 

treatcd cats coiiltl riot be accuratcly assessed in tlic 
inaterial used. hecause of thc excessivr nuinhci- of 
sectioiis iiecdcd to obtain ciiough data foi- statistical 
analysis. Lai-ge DMS wci-c aliparently more iiurncrous 
tliun small oiirs: DMS in extracellular loc~itions 
outnumbei-ed tliosc u,itliin astroglial processcs b l  LI 

frictor o f  3:l in sclccted scctioils fi-om diffcrrnt le\zcls i i i  

the spinkil coid.  
Wliereas DMS appearcd incii-phologically iini-elntcd 

to locatiori 2nd 5ize of axonal swellings, a sti-iking 
incrcase in iiiti-acytoplasiiiic dciise hociics. diffcrent from 
both DMS aiid iiiti-:iniitochnndrial ostiiiopliilic 
inclusioiis. \$,LIS ohsci.ved i i i  spiiiul inotonci~soiis witli 
neui-oí'ibrillai-y accuiiiiiliitions i i i  thcir prosimal nxoiis. 
Tlicsc cleiise bodies wcrc ideiitified. iit ~iltrasti-uctur.al 
level. as lipofusciii graiiules and Iysosoriies (Fig. 5 ) .  Tlieir 

Fig. 1. An extracytoplasmic DMS, about 4 l im in 
diameter (arrow). Semithin section from plastic- 
embedded specimen stained with toluidine blue and 
eosin. A 400. Inset: serial section showing the same 
DMS after differentiation. An eosinophilic core 
surrounded by a destained halo is clearly visible(arrow). 

1,000 

Fig. 2. Electron micrograph of a DMS in the cytoplasm 
of an astrocytic process close to a large blood vessel. 
The content is finely granular and homogeneous and 
slightly less dense than basal lamina materials 
(asterisks). The dense body (DMS) is enclosed by a 
single membrane (small arrows). N: nucleus of a 
neighboring pericyte. 38,000 
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numhci. and \izc appcarcd to cori-clntc \vitli tlic d~ir:itioii 
ol'tlic i i i to~ication,  nerve cells of cnts treatcd \\ , i t l i  IDPN 
for f i \  c. \ ~ c e k \  contninincr more and larcrer electroii-cleiisc c - 
oi-~anellcs thnn those froni cots injected once o r  iu,icc 
( 1 - . ¡ p .  5 aiid 7 ) .  Lipofuscin hodies tended to bc iisii:iIl\~ 
cli\fil;iccd to tlic c¿>rticnl periknryal c!,toplusrii iiiicl ti) 
c ~ t c i i d  ~il.;o iiito tlic pi-ocesscs. whilc otlier deiisc hodies 
01' I!\osoninl :ippe:ir;ince \\ere mainly concentrated i i i  

tlic' c r i ~ i i ~ c l e : ~ r  c!~topI;is~ii. Such ti diffcrenti¿il 
~li\tsil>iition (Fig. 5 )  allowcd. i i i  sevcral instaiiccs. 
ol>\cr\ :itioii\ of ;ill tlic st¿igcs iii tlic trnnsforniatioii of 
I\\o\oiiic\ ancl mici-oi~ei.i\oine-like inult i \~c~icular bodies 
into irrc~~iI;ii.I! sli;il>cd. grnii~ile-containing Iipofuscin 
boclic\ (Husaii :iiicl (;Ice\. 1072: Fim. 5 and 6 ) .  

.z- 

Sotuitli\t:iiidiiig tlic niarked ac~irn~ilatioii of 
lipofuwiii. tlic citlicr «rg¿iiielles did not s h o ~  peculi:ii 
rc~irr~ii i~eii ici i t .  coinparcd to thcii. appcarancc in 
iiicitciiic~irciii\ froiii iioii-nffected CNS arca\ .  I i i  

partic~iliii.. ttic Iiiglily ordcrcd pni-nllcl cistcrns of thc 
r o u ~ l i  endopl¿isiiiic i~etic~ilurn. ~vhich are clinr¿ictcristic of 
iiormal ' O L I I I ~  i ie~ir~)i is  íind bccoinc dispersed d~iriiig 
:igiiig 2nd clii-oin¿itolysis (Hinds nnd McNcll!. 1978: 
Johnsoii et ¿ i l . .  lCISS), retaiiicd their normal arrangemcnt 
(Fig. 5 ) .  Occnsionally. l i o ~ ~ ~ c \ c r ,  neurofibrill¿iry bundles 
i i i  the pcriknr'on (Fig. 7 )  niid ;in apparcnt increase in tlic 
Golgi npparnt~is (Fis .  S) \bere ohsci-\cd in some neuroiis. 
Tliat tlic lipoliisciii pigrnent ¿iccumiilatioii ;iiid coiiiciclciit 
e r i k : I  rcmodcling \\,crc iiot :ice-clepuidcnt 
plicnoinen¿i. as ~isually dcscrihed (Sehhon und hl;ir\\ell. 
1071). \\as further infersed 1'1-oin the \ti-iictiirc of 
iiiitocliondri:il inclusions i i i  IDPN-trc~itcd ncui-:il c c l l ~ :  
I\ licn p~-csciit (Fig. 1). the!. \\jcrc :il\vnys lioniogcncoii\ 
¿ind occupied lai-gc portioiis of the  iiiitoclioncli-ioii. unlikc 
tlie ~~;w:icrb~st;illine inclu\ioiis repoi-tcd as a coiisccliicnce 
of pi-oloiiycd mitochoiidrinl ;igiiig in situ (C'lieali uiicl 
CIieaIi. 1977). \\;liicli on thc ccintrnry ai.c s t r i i c t~~ i~cd  and 
mainl' locnliretl in tlic iiitr:icristal sp:icc\. 

Discussion 

,A coiisiclcr:ihle nunibci- of intr:ic>~tnpl¿ismic niid 
inti-:iiiiiclcar hodics occur in scvernl iic~ircil~:itIiologic:il 
\tiiic\. Soiiie of thcsc havc been reyiirtlcd as 
p;itlioyiicimoiiic of ¿i spccific discasc aiid Iiiivc hccn 
cli:ir¿ictcsized lioth niorphologically niid biocheniically. 
111 iiiost c¿i\cs their significance rcniains to be cl~icidated. 
~iiid i t  is pos\ible thnt thcy represent cpiplienoincn;~ 01' 
iioii-\1xcific cell renctions to various linrrnf~i1 factor\. 111 

tliis contcht. tlie dciisc microsphcres oliser\,cd i i i  ihe 
\ ciiti-nl lioriis c,f the spiiial cord of cats intoxicatcd \vi111 
I [IPN co~ild reprcscnt nnother es¿iniplc oí' tlie u ide 
\pccti-~im of dense bodies encountered i i i  \,nrious 
p;itliological conditions. 

Wlieii locatcd intracytoplasinicailly. DhlS iiiny hc 
inisiakcii. on liglit microscopical csarnin¿ition. for \iicli 
inclu\ioiis :i\ I3~iniii:i bodies of tlic ALS-deiiieiitia 
complc\ (Har t  et al.. 1977). Hirano bodies. Ko\ciitli~il 
fibei.5. Le\\!, bodies. and so-callcd nucleolus-likc bodies 
(Kntoli nnd  Shiinizu, 1982). Sonie of thcsc hodie\ :ire 
¿i\\oci;itcd \\ith ncui~odegencrniive disordci-\ i i i  \\liicli 

iiciirofil¿iinentc)~~s :icciimulations similar to thosc 
iiidiicccl by IDPN inay he found. DMS and othcr dense 
hodicil are re¿iclil! clifferentiated at the ultrastruct~iral 
Ic\.el. siiice DMS clo iiot contain structured components 
siich :14 fil:inicrits (c1iar:icteristic of Hirano bodies and  
Koseiitlial I'ihcrs: Okainoto ct  211.. 1982: Towfiglii et al..  
I'JS.:). urc liiiiited by nn organellc-Iike niembrane 
(~ihscrit i i i  tlie nucleolus-like bodies). and are usually 
coiifiriccl tci tlic pcripliery oí' astrocytic processes. 

Estr:icelliil:ir DhlS are less likcly to  be inistakcn for 
otlier S ~ ~ L I C ~ L I I . ~ ~  o11 tlie basis of morphological 
clini-actci-istics iiiid 5taining propcrties. Tliey d o  not. for 
iiistnncc. stnin uitli i o n  Kossa's silver nitrate techniq~ic 
aiid tliei-efore coiit:iin n o  pliospliatcs or cnrhonatcs 
( Pearsc, 1080). Von Kossa's-positive cnlcifications 
usunlly nppenr :is Inniinnted, ii-reg~ilar. basophilic 
corp~isclcs surrouiidiiig o r  obsciiring a blood vcsscl 
(Toiige et :(l.. 1077: S¿i:iI ct al..  1c)7X). whilc DMS are 
r o ~ i n d ,  eosinophilic bodies \\ir11 no rclationship to 
\,csscls. DMS rciiinin ~iiist¿iiiied \\itli PAS aiid can thiis 
be easily distinguished froni Lnforii bodies ;ind othcr 
pol!~slucosan iiiclii\ioiis. such as corpora amylncea 
(Palinucci ct nl.. 19S2: Szii-mai et al . .  1983). Altliougli 
larger DMS. i i i  tlie (2-8 pin range. could resemblc 
cstrn\ asnted crytlirocytcs. they do not ha\lc n 
bilenticular {linpc aiid are iis~iall>~ fouiicl at ¿I consiclcrahlc 
distaiicc fi-oni tlie c10scst hlood vessel (cf. Figs. 1 and 3). 

Altliougli DhIS in Iicitli iiitr:i- aiid extracytoplasinic 
loc;itioiis ha \e  a siiiiilar iiltr:istriictiirnl appcarancc. it is 
iiot known ~ ~ I i c t h c r  thosc loc:itcci within glial processes 
iirc tlie samc as those encouiitereci i i i  t h r  extracellulni- 
space. Evcn if DhlS found in astrocytic cytoplasrn 
i-eseinblc distcndcd vesicles of the smootli endoplasmic 
i-cticul~im. it is ~inlikely thnt scgnicnts of this organcllc 
uould  rcach tlie dimension of tlie larger intracellular 
DMS ( 3  pni). particularly in pcriphernl expansions of an 
:istrocytic process. Since thc organcllc from wliich tlie 
DhlS riiembr:inc is derivcd has not been deterinined. it is 
possi blc t hat al1 DhlS have an intracelllilar origin and are 
thcn cstrudcd into the extracellulai- space hy a11 
exocytotic proccss. I n  ttiis regard, the occlii-rence of 
dense osniiophilic bodics bound by a single mcmbranc 
\vithin riiitocliondrin of both neurons ancl gliiil cells 1s 
s u ~ g e s t i i  c .  Tlicy could just be a coincidentnl sti-lictiii-e or  
i-cprcsent an  early stage in thc DMS ni:it~ir¿itivc cyclc. 
througli u~tiicli tliese hodies n~ igh t  be transfei-i-ed fi-om 
tlie org:inclle to the cxti-accllulnr spaces. Likenise. tlic 
occurence of ¿i lai-gcr numbcr of Iipofuscin graniilcs nnd 
othcr dense intracytoplasrnic bodies in the perikaryn of 
spinal motoncurons in tlie course of IDPN intcisication 
coulil he explaincd as an activarion of iiitraccllular 
iiicch;iiiisins thnt ~iltiniately resiilt i i i  tlie transfcirrnntion 
uf cell oi-gnncllcil sucli as riiitochoridri:~ nrid Iysosonics 
into lipofiiscin hodies (Brunk and Ericsson. 1977). 

Altlioiigh t1ici.e is no  structural evidence that DhIS 
i i ~ o \ c  ~icross the plasmamembrane. it is gcricrally 
coiicecled tliiit exocytosis is eitlier too rare o r  too rapid nii 
e\,ent to be docuniented with any frequency (Willingham 
ct al..  1981: Holstcin and Tardent,  1984). O n  tlie othcr 
liaiid. sincc lipofuscin granules tend to accumulatc in tlie 
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neuroriiil cell body while DMS caii be fo~ ind  i i i  botli iritra- 
and estracytoplasrnic locations. it mn! tic Ii!~pothesizcd 
that either a )  the occurrence of lipofusciii bodies is :i 

conseclueiice of thc inability of iieurons Sor exoc!~tosis 01'  
residues accuriiulating in Iysosoines. whcrea\ :istrocytcs 
nin!. [nore easily eliminate p~irticul¿ite m¿itcriuls: or  li) tlic 
appcararicc of DbIS and lipofuscin pigincnts is a 
teriiporally coincident manifestation of t\+.o clil'l'crent 
n1etal3olic phenonicria taking place in glial cclls and 
ncuron5. rcspectively. 

Thi\ Inttcr hypothesis secnis to he supportecl by 
cii-cumst:iritial evidcnce that a chaiige in thc i-utc of 
forinatioi~ (ir dcgradation of ncurofilament\ inri! occur in 
IDPN iieuropath!,. 011  these gr.ounds. in IDPN intosication 
cithcr a )  the neurofilament-spccific protcolysis is 
enhniiced i i i  tlir att-einp to  reg~il¿itc nmoliiit and 
org:inization of thc cytoskelctoii in tlic iiciii-oniil 
segnients. or  13) an inhibitory messrigc is deli\,ered to tlie 
s!,iitlietic rnachinery of thc cell hod>. to  rccluce 
spccifically thc ncurofilament production. I t  is iiot 
known whethcr tlie syntlietic capabilit! ol'the pcriknryon 
is significaiitly affected by IDPN trcatment: thc 
neurofilanierits. however. altliough inhihitcd in ino\.ii~g 
down the axon, d o  not ~isu:ill!, tciid to linckfill the cell 
bod!.. While the presencc oine~irofi lan~ei~t-specific Ca' - 

:icti\,atcd neutral proteases in Iysosoincs nncl lipof~iscin 
gi-anules has not beeii assessed (Ciolclfisclieret nl.. 1966). 
it is suggcsti\-e that le~ipeptin.  a poteiit ii~liibitor of tlicsc 
enzyines. incluccs a dose- :ind tinic-dcpciident forinntion 
oí' Iysosorne-associatcd grnn~ilur bodics similar to  tlic 
C ~ .  ,issical - .  lipofuscin pigmcrits (Ivy et al..  19S1). In tliis 
frainework. thc occLirrence o f  nLinleroLis lil,of~iscin 
bodies in IDPN-trcatcd spinal n~otoiic~ii.oiis coulcl be tlic 
niorphological cxprcssion of iin ciiliaiicecl storage of 
inactiv:ited proteolytic cnzymcs i i i  Iysosoincs whicli. 
bcing incapable of autoplingocytosis. e \ ~ e i ~ t ~ i ~ i I l ~ ~  
ti-aiisfcirin into dense boclies. It is iiitcrcstinz to  note that 
tlic appcarancc of osmiophilic graii~ilcs idcntifiecl :is 
Iysosomes has been rcccntly rcpoi-ted in the spinal cord 
of cats treated with acrylamidc (Goldstcin et al..  I9S1). 
a d iug known to  induce a ccntr:il-pei.ipheral dista1 
axonopathy nccompanied by nc~irofilanicnt derangemeiit. 

DMS. whether o r  not forined as a n  iiitraorgancll:ir 
niaterial and thcn i-cleased o~itsicle the ct.11. tlisplay 
tiistcichcmical and ~iltrastructuriil í'e:itiires \vhich are 
consistent with a proteinaceous contciit. a l thoi i~l i  i t  
seeins Iiighly spcculative that tliey may posse.;\ ni1 

enz!linatic ¿ictivity. It is no tcwor th~  ttiat no oli\.ioiis 
rclatiorisliip exists between the occurrence of DMS aiicl 
ihc í'oi-rnation and evolution of axoiial S\\ el liiigs. DMS. 
however. are not unique to IDPN intoxiciition. siiice 
A\;erback (1983) has rcportccl tlie prcserice of dense 
microsphcrcs ir1 hurnan brains of iiorinal iiidi\riduals as 
~vcll ns i i i  autopsy material cihtained from p~itients 
suffering from Alzheimer's disease. Parkinsonisrn. :ind 
scliizophrenia. More recently. H:ir:i ( 19SO) h;is 
confirined Averback's findings. \ \ i t l i  the notable 
difference that DMS are described to  Iw feue r  i i i  nunibei- 
i i i  iieurological disorders charactrrizetl by mental 
rctnrdatiori o r  tlementia. Thest. dense mici.ospl-iercs \vere 

not fouiid i i i  ~ic\vborii braiiis :iiid slio\\:cd :i sigriii'iciiiit 
n~inieric:il rcd~ictioii ii i  I3r:iins from iiidi\,idu¿il a ~ c c l  70 
vcars ancl o\ ,cr .  Hi\tciclicinic¿il arid ~ilti.:istr~ict~ii-nl 
:ispccts of thc DMS i.cportecl l,!. hoth A\,crh:ich a i ~ d  H:ir:i 
:irt. siinilar to  tliosc of the 1)MS ohser\.t.d in  IDPN- 
intoxicated cats. Tlic presence o f  DMS in nosinal h~imaii 
br~iins is p~izzliiig: it is possiblc that thcse clciiw I,odies 
are ciyii¿imic struct~ires \vliicli iiicre:isc or  dccrc:i\c tlicir 
coiitcnt ¿iiicl dciisity :iccording to  p¿irtic~il¿ir nict:il3olic 
situations in thc CNS. The lai-ge \:iri:il3ilii i i i  IlIClS 
dimensioii\ ancl tlicii. sirn~iltaiico~i\ occ~irrciicc in hoth 
iiitra- :ind cxii.acellular loc:itioiis in IDPN iiitosicatirlii 
s~ig3cst tlic Iiypotl~esis t l i n t  DMS bccoine dctcctiihlc 
\\,hen cli:iiigc\ in protcin mctabolism occ~ i r .  í n  t l i i 4  

coniiection thc abseiice of LIMS in cats iiitoxic¿itcd f'or 
fi\.c ~veeks  iriay i.eflect particul:ir \,arintion\ iii tlic \.eiitr¿il 
Iiorns oí' t l ~ e  \piri:il cord ot c:irly st~i2e.r o i  IDPN 
trentineiit. 
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