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"' 
_toy.'pIO< <1< .... m .. ~ri. ' "". Id bo ...... " .«1 (Fill 1< 'nd l id). ~O", 'PP"';""" of 
!I." 'l"";>tJC .... ....". ..... "';, h ... ocIu1.I< _1'fI~ ....... " <ouI<I be ..... , 
.... _".."i< 'Y""""" ( Ftp.le.'o"" 10). In .. ,,,,,.,, ... ,," ,~,. late, 'l'l'" of COtlI..:I, 
'),n'P'"' .............. mblin . 'hO<e of HRP 1)'1>< I boo,o", (I« .. 10 ... ) .... " '«<>1.;' 
ubi< (F.,.. ,."" 100\ .. tilt dri)' ....... 01 .sqe •• cn.u"n. , ... re <a$C$ "ri, ""d aI 
~,,,,,,,,,,., bo.'<HII "';, 11 I~ I <11."",.,.;"", _re rO""" '" co.", i. 11 RP .... '''". 
<nd'prod"Cl on ,.b.l .. <>1 , moolll o.dopl .. m,. ffl.cu'.m (Fi , 6) In odd,,,,,,, !(' 'he 
,_"ca' IYI>< 01 ",,_ •• tinS .... " ... Oft ".nury> &1>11 de""n .... a r. ... "" 
d .. d. [o< d. ,.."" ,., boo,,,,, . ...... fooBd. ~'"h .... n"" .,y",,,..,,i. typt ]><>". 
'y,,"poic """"Y 
S,..."k N)oIt'~<U b." ... .." tI""""~II"J '''''''"pl, ""d ,.,,,,,,ad,,y hI/>tIl. J "'''''"''' 

In .- ...... ,, "" ... Ilroc ...... or d.,. .......... o_1lA><d ............ ,d,,," 
'_1 .. bel ......... fOo($ _Uf'n,". nu""",OOO .~ri<.ol 'yo)l.pt'" .... , .... be, ...... 
,11, ]><,i t o'\'I of "'Itoot'; .... , no"ro •• , .... d ..... , .. i.1 "" ...... '.,.re r.,.,od (F.,. . l 
. ..... "1_ I ...... -..oa "1' '0 do ...... 'rnapr .. <0 ...... _. olMoNed "" I ...... 
MU' ...... I)<ftd,,,,,, <o. tai., •• H RP·, .. ",io •• "d.procl~" .1.., 1<C< 'vtAl de •• ".,; •• 
" "" ' ........ d <>« .... ,0 •• 111 .. ,..,al "'",ne<al1., bo.,,,,,. <0 ..... 11«1 o" ' ~ OIl< HltP· 
labelle<l <lMdr"lre (Fi. IG). 

0 . . .... "0'" u;"'., S114 "h,ch co.tained S H ItP·I.b<II,d 0<1" 'h" ' .. " "'" 
GolJj ..... r"oOd ........... ;.d u."" tl>< ........... _'OS<Opt (Fi,.. ).nd4~ Oqo .... . ,,"" 

,. ,hr .... ''''' _ . "_ ...... 'h< lOO< of ........... hon >lOp"'" oil"" of 'h< pt""')'>. 
0.11 'wo dt ....... , ' •• bou,o .. w,,, found in .,n,,,. ;< ""." '" w;,h ,h. (;<>15' " . ,""'. 
,old """,d de ..... ,iu of "'" of 'h< H RP.lal>o:ltd ni" ... ,,,,, .............. (N, ,n Fip. ) 
..... 01) •• I,"" •• h "' ... , of ,ho I .... h of ,hr, oJor>dril .. I ..... 11 .. ' h' ",h< .. , ..... "ud"d 
,n ... 1., I«';on. 

Hltf·"~lod.,,,,,,.-I _ .. , .. ",,,,,,,, 

Enlym< ,..,.oUo. ~"".prod"'" w" ..... ""'1 fooOKl 'ft p<ri~.ry •• "., daMI,~ by, 
w ... 1>0 po'''.' ,n mydo' ... 1ed .. " •• , od . ....... f'''';'''''''''1. in 'h," unw.)'<I", . .... 
"""I. It <0. 1d •••• 11)' be found .... 'h'" m,mb" .. lin,"cd ,ub,'" . od "".ie~ 
ooo ... i"""lI, in de ... bodie1I"" ",uM;,...;c ..... , _ .... The ............... <WO ' I'P'" 
01 ..... .......... 10 """' .. "'". HRP ............ tnd·p'<><I .... in •• r.h .U"" . .. L 

rYiH I be.,,,,,,. Th, .. mid< •• od,nd"h' .y.,.,... ",i'h bOth ' h,, ' >od 'h", 
r;kfId,ili< u..'u .. _11 .. "'~~ 0000",-..1 ....... 01'- & ... drileO (Fi,.. J o.nd 9). 
The)r ........... d ""I<. d.", ,~OHI .. ~'" w .... h ....... "Ih.'y p.ded ~1I,., "H", of t~ . 

bo.,~" (Fi,. l~ " f ... dt ... UK< ud I fI"UW ... odts, 10' ..... '" O;l( ,loo" '110 <In, 
0 ..... couklllso be oI>te.-_ i~ 'h<'" ....... ,.,.... The l>oco'OM hd Pfo",_' 'n .. I"~" 

'" " . '_ ... _ ....... I<Ilp. .. _ " ...... __ .. _ .......... . F,._ '-'(i".04 
to! MO _ " .. _ .... pi"" • .". " (b) , " to). i ..... " ...... " .. {Io'. ' 11"",,)"'_ ,,~r. 
IoboW {IIoNoM" Of..-} " ... l..,. ......... ... .. , .. ~ ... _. I,. _ ..... , ..... _ 
'..- .. (.)10 ........ ,.....;._(10' • ...-.)"'~d.,,,,,,_,,,,,,,, _"'oI'; ""', 
booIr c... !IT". DAI .. ,.100< .. " 5<0 ... ' . , ~ .. , .... . .. d, 0.',..... 



pr .. JftOpIJ< <In", prcj " ell no ..... pr .. "" ... <o __ ..... " ....... oM , ........ .. 
• mO<l<,.,< l'O"syn'pb< _",m ... poa.ol".,,~" (Fi .. 3 •• "). TJ'l'< , boo,,,,,, ... , 
""",,\COd, • ..c ... ~ _ .. Ia ... 1>< zo •• -.. .. I Fi .. $). 

T_ 1 .... _ . Th<x HItP.lobollod bO., ... mod< .>"10 ........ ,b pro" ... ' 
lI<.d.i, .. bj>, ""i.,y '""~ ""n4<)'O (Fir>- .. JIb ,.:1 11.). , .. , ..... "'''''' 
(""' ..... Iy f"""" i. , ... _ ..... 1* .... d <on"""" "",,)I .... oo_pIo, ,nd ~'''."... 

...,~c1 ... T ... ,,,,,eIt. '«Dm"'.O<d in .""'"0"''' ..... ""'Y'"'PO"""" "' .... "oido 
__ <OIOporul .. ,_oI'_I_~ TIoo __ powyn~_ ... 
.".."Iim"'''' ""'''' .",.It .Nl ')'10"'«'"" 

The .. wo,. d"'I-" ...... in I .. "'~odoood'io ,. , ... 'wo ,~ ""' """'''''' , 'JII'! 1 
1>0 ...... "'d .. udo . 1Nl ... &nd _ "",oOoood, .. ,~" '"'" 2 __ (<<HllPO" 
Fop S ,.d I). 

S1"4P'1< "r.",,,,,," ... of H~I'-hl>tll~ " ...... ,..,,,_,, ."",, .... , 
IUtP·1tbd1<>:l ,...;w, • • ad pro .. ~ delld,_ 0I.~"",,, ... 1 ...... _ f, •• 

qIK"o!Y r.oo ..... . , •• .,... (,_ " .. 2 HRI'oI.bdl<d "'''' .... " (1'11 1 I) f. """ .. ",,,,to 
IIP ' o J lobd:..:! bo_ eould b< ob ....... i. """lOcI .... .., Oft. ".'011< 0.. "'" .,h<, 
......... '1P" I lobrilod __ f ........ _,oa"",' ".'-', ",'h ... Iob<\lool dondr~ . 
... hO:h P'_'Y "n«" , ... """ ~'I of HRP·l,b<'''d d •• d""" I. lh •• ". o( 'h< zon, 
.. hallo ........... "", Iob<llod 'l'P< I 1>000 ...... wo'. ,_. 

C. ,,,,,, .. ,,, 01 HItP·I.bdlod "d cIo ..... ", ........ ,"'" .... (",,1><1 OIl '0 ...,.~ 
, .. , ...... <./)' HRN.b<lIod.<><I """bdl<o1-'''' (Fil 9) .... pr""ty. (r .. 'I) 
On .... 11< ... , .... 'h< IlkP.bll<llod , ... "., ....... 01,_ I ....... on , ... pu;hty • 
.... y ..... ', ... l. 

C_",." ... 01_ ..... ""'4"",1 "'",IM/,.I """" ... "'.1 .... ,,,..' ,.;,~ 'f'" I Hn· 
w..JW ........ , I r", $,.J'! 

TM boo,"", of 'h< loul .. "" _ ..... 1. of.~ HkP~""1IdI. Golf< ... , ... ...... 01,".1 ""-"_ '0''' ....... itd .",Iu" ,lit ....,...;.'um. T"', .... , .... ..-ot • 
_, ..... '" <cH ...u. _, ""'1 _, ... , or! .......... tkoc.-.b<rI .......... , 

"f'O"lO. Gold '0.'"' of ,11< (;o~ ".", .. 1 "nllooiarol ... ,on<.nd ~. Iouol .",,, 
<0110 ..... ' ...... d , ........ ~I dr<t.t~ 0I~, """""<*- Too. bou,_.-._ 100-1<-
.......... "' ... "m'b. '" II>ot< in 'Yf>< I .... "' ••• (F'I 7). Th< 1'"" .. ". .. <1< .... 
projoa_ ~ ....... I do"Ciopod """ , ......... .,.. loaritd '~"'_'ic.ol ,ynopo;c ..,.. 
, .. .., ""'v"'- 01 , .. 'Jpo I IIRP·lobdlcd bOu .... ,Iy, _re ,_ ...... 
,oMt • • ". ", .. i ...... po""" .. ody 

O'SCUSSION 

J.t_-,-,Ji< ...,'" of "" ....... ,0/ fr/JI .. 
0., .. 0,. ~r>d", i. ,~" "'0'0'"'' prOjoffi"1 '" .... ""-01' ....... (,_ ,lot. 

"' ...... " .............. _"._ '"9'" ,,"'" .......... '. ,110 ._ .cao_b<r> .. 
... ,,,, ..... '"m ,..;0. Tl\.o, , ..... 1[ .... , .. "",oal, <ompo''''. iml>""'" 1""'" of 
,loo _ of ........ ""'.! ..... : ............. h, ,he u ... _.d, ...... ' ... __ 
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Oil the perikarya as well as on the pro~imal and distal dendritts. Earlier studies in th ~ 
rll ' JITld in Ihe eat ll .ll showed Iha1 following large lesIOns in the strialu m degen~at;n8 

termina ls could be found;1l synlp!;C C()nlaei with boc.h Ibe dendrites and perikarya o f 
nia.a! neurones. However, lht ni~ contains neurones that project to many ,)a rts of 
the brain and 10ClI1 imem eufont$ may OI.lso be present""' . Thus, in lilt; earlie r studies 
it w.u nOt pouible to determine w;th morphological methods whlcb type(s) of neurOne 
receive ttle mOf1O$ynaplic afTerenlS from the striatum. Using Ihe retrograde HRP· 
labeUil'\i or its combination with G olgi staining it is now evident that both nigra 
Lhalamic~1 and nigroslriatal neurones reaive I 'nonosynaptic input from tile su iatum, 
although thill input probably originates in different paris of the striatum. Tn the earliet 
study on the str iato-nigro-thalamie pathway, the lesion$ wert placcd in the main body 
of t!le striawm ll wbereD.$ in the presen t study the lesions were leclted in the ventral 
st riatum and nucleus accumben$ , 

The orisin of H RP-lo~lItd 00"/011.$ 
Our resu lts are in ag reement with earlier studiesU,n on HR P in striatonisral 

sys tem, demonstratina that the neuron:t l smonth endoplasmic reticulum and the 
lysosomal s)'$tem con tAin the reaction cnd-product. Two main types of boutoru were 
found 10 contam reaction end-pro~uct in the substant ia nig ra, fo!low;na injection of 
HRP ;rHO the nrialum. 

T ype I boutons in the present sludy a re identical wi lh type I boutons of Rlnvik 
and Grofova t ' in the cat, wTth type C boutons;1'I the (atil and wi th endings with large 
syn.ptie vesicles in the primaleti. It is more difficult 10 cor relate the H.R P· labelled type 
2 boutons with any ducribed previously. We may hl.V1: se lected a subpopulalion o r 
boutons hilherto ul'lrecognized , because we stud ied the synapuc ooll neaiolls o f 
labelled structures. 1n any caSt there ;$ a dear di fferenu between the twO popu\ations 
of HRP-Iabelled boutons nOI only in morpho logy but more imponandy in termina
tion. Type 2 boutons were mainly fcund on perikarya and proximal dendrites while 
type I bouton$ occurred mainly on more distal delld tiu::s and nOI on the peri karya of 
Ilisrosltiatal neurones. This differenu in te rminat ion illdicates a d ifferenti.1 input 
onto the va rious re<:ipient parts o f nigro5triatal and othe r nig ral output Ileurones. 

The pruenee of a large number of H RP·labelled boutons raises Ihe question : are 
Ihese boutons the terrnillals of strialonigral neurones? Fo llowing injection of HRP 
ill to Ihe striatum, labelled boutons could appear in the substallt ;; nigra jn J ways: (r) 
th rough lllterOl rade [rallspan of HRP from the sIn.tum ; (2) they could be local uon 
co1\atefl!. ls labelled anterogradely followi llg retrograde labeHin! of Il igrowia tal neu
rones; and (3) they may represent the an terOgrildely labclled boutons of neurollcs in a 
third nucleus that Wi!S labelled retrogradely from the Stria tum and which sends loog 
axon oollatcrals 10 the substan tia ni, ra . 

II is likely tbat at leut some of the type I boutons are labelled by the first 
meehaOlstn. Thus, following placement of lesions in thc accumbeM-ventral striatum 
reliotl, the degenera ting bOUIOll5 in the nigra have, al an u rly sta &e, the same 
morphological features as the type I HRP-Iabelled bou tons. In rue cases HRp· 
labelled boutons or type I themselves showed the early stage of degeneralioll (Fig. 6), 



,o<Ilo. ti"l ,1\0, ,1><1 Otlr;"'''' f,om ,~at ""' ... of \11< ...... . '" ",I><".he ""rud 0{ HR' 
0V<rIa;>< ..;,~ ,10< ......... f ,.,. J....... ,nd_ by W....: ><od. f , ... IIy. ,lie _001, 
f. , ...... by local u"" coU", .. " cl odo"uf\ed ...... ,0"",.1 n •• 'o"'·· .. ~ . .. "'"1 
.... ilo, III<Ir,>hoIo~ r ... ,., .. '" ,,,,. I HR''''1>d .. 4 ""UlOn, '" ''''' ... b<u. .... n;I" . 
TIIi< 'u,,,,.,, .... ""'1 ,~., ,_ , ""~IO ••• re cl .... , ... , "'p •. boI, 110 .. ,1><1'" 
"""'Q'" or ,10. mediu,""" n'UfOn .. ",j,~ d<nsdy spln~ doo<ln' .. 'h" .... k",,"""~ 
"'~JUI to tIo.e n.,..-" 

No HR'·lahll',d """'0<1. of 'YP< l .. ,,~ 1000<1 ,bo, 0110 ohOW<d .i .... of 
do~n ... ""n .nd ... , .. ;, 0<, .... ;, " .... "oito. " is ~"'W(",~,,,,,, <lit, bad ...... ... 
_'1"""'''' 'o'l" (,. pen"'oya cI~, .. _ ..... 1 ... u, ..... ) ond ..... ,10, .,... .... 'riul 
"""Pl;~ 'p<O>I.ut;OO .. ..,m. Of the """,on, 'bat do","",,1e<1 . ft .. , ... ,,""lnCn,"" 
• _ '. , ... 0<£00"' .............. "., """g ... AIlI .... p .1>< 0" .... DI '11'" 1 bo.'"", 
f""" ..... 00 .. lot \11< >Om'"m ' .... , ... <oo~,",.tion by "' ... d>r"'" ,.,..hod •• i' " 
",ni~ .... ' ,"-, !.h .... I •• ""'''I'!!"'''''' .}'S, .... ,Iw Cl", be labd'''' by HR? inJOC'<d 
mto !he ..... , .... and wIolCll ... "' .. " .. on \11< pa;wya . 0<1 ",,,,i",, <1< .... " , .. '" 

.'FO«"'''' ...... On ... 
I'~ "'''</'''_ ,..,. """""_I,, ... 

'0 o, ~" '0 u<>de,,,. rwI '.0 f."ollo",,1 ,oIe cl (10< "",oooy<.p'ic p . ....... ~ from 
...... o-u I. ,lie """, .. _.,,01 .. " ..... 10 ni ........... ' ..... ' ...... _ ..... '0 
1<I •• " fy ,~. "' ..... ran ... it"" ",. both ,~o . !!".«., I<,ml ... I, •• d ,lie '«'PI,n' 
.IV""';.'" ..... ""' .. "1"'0"", ,h<nt is. .. P ...... ~ no d lreel ._ .... coo d ...... 
so- ..... u .. ~ f.- ~ .. <><hemotol .rod J><UIO<JI."' ..... ".d, ... n. 
'lri"'~"'I'" '"~"."GO , co.,"""", p,ojc:o,;"" 0" ....... "'''"'1 from ,he '"'''-;0' 
It';.,,,,,, ,. ,he ,.,u.l<.lI odd ,10< co..w """" ... _.," __ oI''''''D., "';0. 
(s-n of ,10< ., .. alr«UIII by ............ ,) 'ON' ••• "'''''._ P ;",mU'Dru'"'' un 
bOdie,lI. S.l»t •• « p ",,,,'"notuc",", ~b«, con be: lUG to~ ........ '" olId .... It.t 
'0 • ..,... compKI' ..... 'c .... f ... """. "~tul""' .. oIly ...... ,0;." """,.n ••• , .... , ""1 
(P. So",osP. I. I'1-''''''Y. " . C. Cudt o. A. D. S .. "" .nd J P Oolam •• np . bH.~", 
............ ' iOOl.). H.,.."",.;.." ..... "bIo "'," n;,rol •• bwt_ 'd_ "'" 0ri.,Ji ..... f,,,.. 
........... I. ,~, .... ",,' ....... 1 " lOO' btU ... '''' ....... no rk<,,_ ... ,he ''''OWl' of 
.ub"'.« P in ,be .ubl:o.tio nip. lollowm, .... iOll \. ,he rlD<I<~ ...... , ....... " . 
,W_aJI -..-<>61 ....... 011 of .... di" ..... _ cl \11< ........ n'" .......... "'" 
pe,fo''''~. The ,"'po, ...... of 'ub<li.i~ in, ,o. ni, ... ..... ,hown by W., . .. . nd 
F ..... .... "'"". 10.rwI • Ideal .. _ .. '0 ,.,. 1<",,1 o! ~~ ...... " 6eeo,burlol< 

"'.""1 '0 ..... 001 ....... "'01 wbstontia nil" (,ndvd,ol put '" 1'" PO" <OnIpKI.) 
follo""n, p'o.c<"...,' of ..... " . i. ,t .• "_0. a<:cItml><n'. Th • •• ,lie , vi ....... .. rtf .... , 
f . ....... y-a"';".b"'rr' " ... u ....... , ...... ll1e ................ , """"'" f,_ ,ht: 
""","be .. '0 ,he n'I". 

The m'jori,y of .i"O$hWo I "".'on« or. do"", .. i. ettiC. ............ ha .. \IUJl 
f ........ ".lKI< ')·' ....... h~"" ... _ .. «dopa .......... 1'_ ...... tI._ .. cI .... ,lie 

..... ;bi'''y "' .. iOrt>e .W."",, /'""' ,he ",.".1 "n .... 1 ' <5'0' I<, .. in_ on oon· 

. """""PO ... " ... , ...... 1 M.ronu. IIoc It"" .... du.. d<Fn<' .... 1 bow ..... etln 

, ... tltl, b< (.ood o ...... of ,1Ie .... "'V. ""ly '.b<11<d """' ........ lien ,hey ., ..... 1 ... o. 
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.... '" ... ,.,.....,_ ~ ,Iuo, 'h< o!npoMi.>o,1'< ,,~,,"" .... , ...... " .... "'-" • 

mon .. y",,,,;" lOP"' (."'" tOo: .""."'totn.·...,' ... ' "';" .... 
1'..",,,,,, f"""",,,~1 Imp/I'M""" 
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