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Saeeadie omnipause neurons (OPNs) are essential tor the 
generation of saccadic eye mavements. In primates OPNs 
are located near the midline within the nucleus raphe inter­
positus (rip). In the present study we used several different 
neuroanatomical methods to investigate the transmitters as­
sociated with OPNs in the monkey. Immunolabeling tor the 
calcium-binding protein parvslbumin was employed to mark 
OPNs in the monkey and deline the homologous eell group 
in cat and human. The use 01 antibodies against GABA, 
glyeine (GL V), glutamate (GLU), serotonin (S-HT), and tyro­
sine hydroxylase revealed that the somata 01 OPNs are GL Y 
immunoreactive, but they are devoid of GABA and 5-HT im­
munostaining. In . itu hybridization with the GAD" mRNA 
probe eontirmed the negative GABA immunostaining 01 OPNs. 
3H-GL Y was injected inta a projection field of OPNs, the ros­
tral interstitial nucleus of the medial longitud inal tascicle 
(riMLF)- the vertieal saceadie burst neuron area. This re­
sulted in selective retrograde labeling 01 the OPNs in rip , 
while no labeling was found in the superior colliculus, which 
sends an exeitatory projeetion to the riMLF. The somata and 
dendrites of putative burst neurons in the riMLF were con · 
tacted by numerous GL Y -immunoreactive terminals. 

The quantitative analysis of immunoreactive terminaHike 
structures contacting OPNs revealed a streng input from 
GL Y - and GA BA-positive terminals on somata and dendrites, 
whereas GLU' positive puncta were mainly eontined to the 
dendrites. Very tew S-HT and eatecholaminergic terminals 
eontaeted OPN somata. Our lindings suggest that OPNs use 
GL Y as a neurotransmitter, and they receive numerous con­
taets Irom GABAergic, glyeinergie, and glutaminergie affer­
ents, and significantly lewer Irom monoaminergic inputs . 

IKey words: saccadic eye movement, omnipause neurons, 
nucleus raphe interpositus, glycine, GABA, glutamate, 5-HT, 
catecholamines, parvalbumin, in situ hybridization] 
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Omnipausc neurons (OPNs) are IhoughllO aet as a gating mreh­
anislll, or trigger, for lhe initiation cf saeeadic eyc movemcnts 
in all directions. as weil as for quick phases of nystagmus (for 
re\ iew, see Fuchs ct al.. 1985). During fixation and siow cye 
movements the OPNs excrt a tonic inhibilion on hori70ntal 
saccadic burst neurons in the paramedian pontine retieular for­
malion (PPRF) (Nakao el al.. 1980: Fun'ya and Markharn, 
1982: Curthoys cl al.. 1984). and on the vertiea l saecadie burst 
neurons in the rostral intcrstitial nuc1eus or the medial longi­
tudinal f.1scicle (riMLF) (Büllner-Ennever and Büllner, 1978; 
Nakao CI al.. 1988. 1989). This high Ie\'el or lonic aelivilY is 
inlcrrupted 10-12 msee before a saecade, thereby releasing the 
inhibition from saccadic burst neurons. Thc disinhibi tion allows 
the burst neurons to activate the ext raocular C)C l11uscle mo­
toncurons and results in a saccadc. In currcnt models thc su­
perior collicuJus (sc) is thought 10 excrt a strong control over 
the trigger for saccade genera tion. In addition 10 a monosynaptic 
excitatory input to OPNs (Rayboum and Keller, 1977; Büttner· 
Enne\ er el al., 1988) the sc mu~t abu activ~tc an intermediate 
neuron population that in turn inhibits thc OPNs for the ini· 
tiation ofa saeeade. These intermediate inhibitor)' relay neurons 
are still thc subjeet of eontfOvcrsy (Hepp et al., 1989). 

In primates. OPNs lie within a cytoarchiteeturally cireum · 
seribed ßllcleus on the midline in the eaudal PPRF. whieh can 
be highlightcd by cytochromc oxidase sta inillg. It was named 
nueleus raphe inlerposilUs (rip) b)' BÜllncr·Ennever el al. (1988). 
Funhermore. record ing experiments in the monkey confirmed 
that virtua ll y all neurons within the rip are OPNs (Langer and 
Kan<ko, 1990). Although Ihe conneelivil)' or Ihe OI'N region 
has been ex tensively studicd wi th ext ra- und in traccilular (rac ing 
mcthods in ca ts (King (.'t al.. 1980: Langer ~H1d Kancko, 1983: 
Ohgaki el ,,1. , 1987; Slrassrnan cl .11. , 1987) "nd monkeys (ror 
review, see Büttncr-Ennever and Büttner. 1988: Ohgaki cl a1.. 
1989; Langer and Kancko, 1990), Ihe exael sources or inpuls 
and synaptie mcchanisms producing thecharactcnstic firing pat­
tern of OPNs are still not clrar. Pharmacological experiments 
in cals suggcsl that the IOnic :1ctivity of OP ts is controlled by 
in hibitory serotoninergie inputs. whilc Ihe generation ofthe pause 
is produccd by nonseroloninergie inpuls (Ilaloh CI at.. 1982: 
Ashikawa Cl 31., t991). Tho knowledge orlhc synapl ie moeha­
nism and cireuits underlying saecadc generation might help to 
cxplain Ihe causc uf (.;t~rtain saccadic disorders, such as opso­
clonus o r ocular flutter. 

Thc aim of this slud) is an investigation of the transmitters 
that are associatcd with OPNs in the rip or the monkey. We 
appl ied immunocytochemistry, in silll hybridization, and spe­
eine uplake methods, along wi th iml11unocytochemistry für 



Table 1. O\cnicw or Ibe immunoqlochemkal ml'lhods flilh antisera dilUlions and sources or Ihe antisera used in Ihe sl udy 

Antiserum Dilution Sou,"" Fixalive Melhod 

)lA V monoclonal 1: 1000 Sigma 4% PFA thlck (25-40 /olm), A lK: 
mouse 1% PFAl2 .5" GA nuorcscence 

5-HT pol)clonal 1:8000 IlIc5tar, Ilamburg Gcrmlill Y 4% PFA thiek (40 ,.cm), AUC; PAP 

rabbit 
GAD polycJonal 1:2000 W. H. Ckrtd. Munich. German~ . % PFA Ihiek (40 /ol m), PAP, 

sheep double bndge 
GABA polyclonal 1:4000 Ineslar, Hamburg, Germany 1% PFAl2.5% GA Ihick (40 ,.cm ). PA!' 

rabbit 1:6000 2% PFAlO.5% GA semithin, 
postembcdding, ABC 

GL Y polyclono l 1: 12.000 SFRJ L.1boraloi re, St-Jc3n -D' lIIac, 1% PFA/ 2.)% liA Ihick (40 #-I m). ADC 

rabbi! Frant'c 5% GA semithin, 
postcmbcdding; AUC 

GL U monoclonal 1:12.000 P. Streil . Zü rich. Swit7erland 1'10 PFAI2.5% GA semithi n. postcmbcdding, 
mouse AllC 

GlU polyclonal 1:12.000 SFRI La bor.lloire. St-Jean- D' l1Iac. 5~\') GA Ihick (40 /olm), ABC 
rabbil Fraocc 

TH polyclonal 1:400 ETI. NJ 
rabbll 

pa rva lbumi n (PAV ). whi ch was used here fo r the ea sy identi­
flcation ofOPNs in monkey, cat. and huma n. 

Materials and Methods 
TranSf1l1uer ; mmllnoeyrochemisr r j' 
Fi \'~ macaque mon ke)'s (.lJacaca ml//aua and .\/. fasCicu/ara) ..... crc 
k il1~d with an overdosc of Nem bulal (96 mglkg) and uöln scardially 
perfuscd wi th sali ne (37"'(') and one ofthe fo llowing fixativcs (see Tablc 
I): (I) 4% paraformaldchyde (PFA) in 0.1 M phosphate bu(f~'r (PB) (pt! 
7.4 ): (2) 5% glulnraldchydc (GA ) in 0. 1 M P8: (3, 1% PFA/ 2.5% GA in 
0.1 .\1 PB. All brains were postfixcd in Ihe rcspeCl lve fixa I!' es for a 
fun her 3-10 hr a14"C before bei ng Irnnsferred 10 0.1 M PB for , ibralomc­
cuning. or to increasing L'onccntral ions or SU(, fOSC fo r frozcn seclion s. 
The brainstem was CUI transverscly in 40-/oIm-thick scctions. 

Free- noa ling seelions of the rcgion ('onlaini ng OPNs "' erc immuno­
e)1ochemically processed with anll bodies dirocled agai nst glutamate 
decarbox~ lase (GAD). Iyrosine h)droxylase (TH ). serotonin (5-HT). 
'Y-aminobut yric acid (GA BA), glyclnc (Gl y ), and glutamate (G l U). 
The $Durccs and the appropriate dilutions ofthe primary antibodies arc 
listed in Table I. The 1lI0noclonat G l U ami bady is characlcrized in 
lw Ct al. (1989). Ei ther the avidin -biotlß or lhl' pcroxidasc-anliperox­
Idase melhod was used to visualizc Ihe ant ibodies (fable I). 

GA/JII , GLY, am/ GL U mmflmQ()'lochemiSfry 01 semitllill srcliolls. 
Two macaque brains lO.5% PFN2.5% GA) ..... erc used for the immu­
nocytochem lca l detcction oflhe am mo acid transmitters GAßA. GL Y. 
and G l U in conseculI \"e scmithin seClions wnh postembeddi ng mcth­
ods. Under the microscope the OPN area was d issected out from 100 
/olm vibrato me secuons and storcd m 0.1 M PB. I\ s an aid to the iden­
tification of the OPN area (see bclow), a set of nltemate neighboring 
scctions (40 ~m) wcrc firs t processed for PA V immunocytochcmi stry. 
The disscctcd lissue was then poslfu:ed in I % osmium letrox ide (2 hr) 
111 0. 1 .\I I'B, dehydrated in incrc:lsing eoneentrations of alcohols. and 
lIat embcddcd in Epon resin al 60"C for 72 hr. From each block Ihrec 
sets of seria l semithin (O.5 /olm or I ~m) SCClions were cut using glass 
kni vcs, and mounted on gclatin-coated glass slides. The postembcdding 
stai ning proccd urc "U!o cal I icd uut al.'Cording to tbc 1'l"UI01.:ul ur Liu et 
al . (1989). BrieHy, Ihc scctions wcrc elchcd wit h polassiu m me lhanolate 
(7 min), foll owed b) two washcs in 100% methanol (5 mm) and meth­
anoVO.1 M I)()tassium phosphatc-bulTercd sahne (KJ'BS) (5 nun), and 
then treatcd with 1% sod ium periodale (7 min) to remove the osmium. 
For thc OABA and G LY Imm unorcaction two sets of S(."(" tlons were 
meubatcd in 0.1 M sod ium boroh)dnde ( I min) and thcn \\ 3Shed in 
K.P8S lhoroughly. All sildes wcrc preillcubated 111 0.5% o\'nlbumin for 
20 min :md then incubnt l'<.l in thc primary anlibodies at the allPropriatc 
dilutions (Table I) owmigh t at 4"('. The loca tion o fthc pri ma!) anti-

4% PFA thick (40 /olm), PAP 

bodics was delccted cithcr by the pcro"idase-3nt lpcroxidase or 3\ Idln­
bIotin mcthod with a final reael ion in O.05011 dia minobelll idlllc and 
0 .0 1 ~ h}d rog,cn peroXIde fo r 1-10 nu n. The diammobcn/ idine end 
produel was ln lensificd hy:"l subsc<!uenl treatment wlth si lvcr Ions. Thc 
ineubation d uration was eontrollcd by monitoring the reaCllon of each 
slide under the mic roscope. Af't er lermi nating the reaction in 1% aeelic 
acid (5 min I the 5«'lions were washcd In 21>." sO<.l ium aceta l!.' and in­
cubaled In 0.05°·'0 gold ch loride (10 min) and Ihen fl nsed in 20'(1 sod ium 
aCCUHe bclo rc being lixcd in 3% so<hum lhiosulf.1Ie. As a COI1lrot for 
spccificilY some neighhming seclions were trealed wi th GLY ant iserum 
that had beCII preabsurbctl wi th GA l'unj ugat~~ uf 40 mM G LY wi\h 
bo\" inc seru m al bumin . SeCltons containing the :,upcnor olivc wnh pcri­
olivary nucle i sen'ed as positive COnlrols for thc G l Y antlbody. All 
Sl'Ctions Were cxamined and photogruphcd under a light microscope 
(Nikon ßiophOt). 

The tra nsmitter inputs werc quant ified b} coun ling Ihe immuno­
reael i\ e I}uncta. the assu med s~ naptic boutons. along thc me:"l~u red 
Icngth of thc contou r of a ri p neuron (putati 'e OPN) using agraph ie 
lablct (Minilllop, Kontron). Thc T I-I -positi ve and 5- IIT-posl1l vC inputs 
to rip neurons were anal y:.r.cd in lhiek (40 /olm) SCCllons that wcre coun­
lcrstained "'i lh eres)'1 violet or thioni n. Im munorcaeli\'e puncta or ax ­
onal varicosi tlcs wcre eonsidered 10 contact a ri p neuron whcn ils soma 
o r dendrilC and the altachcd \'aocosi l) "'ere in Ihe sa me focal plane 
and no spaee was seen between Ihem. GABA-, G lY-, and GLU-im­
munopmd li vr: eonlacts were anal Yl ed in scmithin 5«lions. In o rder to 
a\'oid multiple analysis ofthe samc ncuron, on ly two semi thin scclions 
(I .11m ) ofcw!) li ssue block (8~ 1 00 /ol m section) \\ere taken for counts 
of \mmunorcac\i vc terminals 31 putat ive Ol} IS. ,\tI tcrmm als were 
classificd wilh regard 10 lheir localio n on OPN somata or prox imal 
dcndri lcs. 

In addi tion, somc sclll ilhin scclions of thc riMLF were immuno­
rcaelcd for the visualinllion of CL Y. 

Panalbllilli fl immul/O!J'lochel1/isrry 

For the detccti on of parvalbumin (I}A V) in the OPN region, brJinslcm 
~cL io ll S uf four macaq uc monkeys, lWO cats, and twO normal huma ns 
"erc taken, The monkey and Cill brnins were Ilxed by transcardial per­
fusion (Table I). Thc human brai nstems were obtamcd 8 hr postmar­
lern : 2-enHlllck slices. containing thc OPNs, wcrc immersed In 4% PFA 
in 0.1 M PB (pH 7.4) for 20 hr and Ihen cq uilibralcd in a mixture of 
Ihl..' Il Xali\c .. nd inereasing eoncentra tlons ( 1 0-30~fI) of sucrosc (15 hr) 
fo r fret"Lc cUltlßg. All brai n lissue was cut al 40 #-I m using :"I frcez ing 
mlcrOlome or vibralome. One senes o f rrcc-ftooll ng sections was pro­
ce~sed for thc immunocylochemic:al "('I<'Clion (lf!'AV, and im ~,ltt:"rnate 
scries o f ncighboring seclions was reaclcd for 5-1-IT. Scctions were pre-
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ltealtd with l~ methanoV3% hyd,..n peroxide 10 suppress endog­
enous perOltidase aetivity and then preincubatcd in 0. 1 M PB containing 
0.03" Triton X- 100 with 1.5% normal horst serum for PAV, or!.S% 
nnrmal goal serum for 5-HT, for Ihr. Sections wcre then treated c-ithtr 
with a 1l1Onodonai PAVantibodyora polydonal 5- HT antiserum over­
night on a shaker al 4"C and processed using the avidin-bio tin method 
(Tnble I ). For orienlalion a Ihin! SCI ofse<:lions was counlcrstaine-d with 
cresyl viokt. Cetl measuremenls of the OPNs and calculations were 
performcd with agraphie tableI (Minimop, Contran) and a personal 
compUler. 

Uptakt> and rt>lrograde tra l/sport 0/ JII-gl)'cine 

One macaqU( monkey receivcd a prcssure injeclion of 1 JlI of ' H-GLY 
( tOO ...eil,.t) ;nto the riM LF on the rir,ht sint'. In the deepl)' ancsthctized 
(Nembutal. 40 milk, bady weight) animal we scarehcd for thc oculo­
mOlor/ trochlear nocleus border wi th ellXlrical stimulation (3-10 mAl 
using insulalcd tungsten electrodcs (approJtimately 50 Jlm tip length) 
until appropriate eyc movemcnts ..... ere obscrved. Using these coordi­
nates thc injlXlion sile was calculaled according to the alias ofShanta 
et al. (1968). 

After a survival time of 17 hr the animal was killed wilh an overdose 
ofNembutal (80 mg/kg body weig,ht) and transcardially perfuscd wilh 
O.~ salinc (35"C) follo,,-ed by 2'M! PFAl I'M! GA In 0.1 M PB. The br.tin 
was immerscd in l~sucrose inO.1 M PBand transfeJ'TCdt030%suerose 
for 4 d. The brainstem was Cut al 40 ~m on a freelin, microtomc- in 
the tr.tnsverse plane. A series of equally spaccd scctions (200 Jlm apan) 
and al1 QPN sections W'f're mountcd on gelatinizcd slides and then 
defaue<!. rehydratoo. and dricd in the oven for 48 hr al 4Q"C. In thc 
darkroom. slidcs wcre d ippcd in Kodak NTB-3 nudear track cmulsion 
dilute<! I : I with distilled water and drie<! for 4 hr. After cJtp05ure for 5 
wctks 111 4«: thc slides were dcveloped in Kodak D- 19 developcr for 4 
min at 12-15"<: and IiJte<! In TClenal superfb {dlluted t:9 in distillcd 
water) for \0 min. After washing for 2 hr in running water the SC<:lions 
wcre eounlcrstained with crcsyl violel, dchydrated, and eoverslipped 
with Depex. Scctions were cJtam ined and photographcd under dark· 
neid and bright-field illumination. Tbc pattern of retrograde labelin! 
was compared to that of a previous monkey. whieh had recei\'e<! a 
similar WGA-HRP injection (0.4 JlI , 2.S%) in to lhe riMLF. 

In si tu h)obridi=ation fOT GAD mRNA 

I n S/fU hybridiution was performed 10 visualizc the mRNA enrodin! 
the GABA-synthesizingenzyme GAD. One macaque monkeywas kille<! 
wi lh an o"crdose of Nembutal and transcardially perfused with 0.9% 
saline (35"0. follo\\'Cd by cold 4~ PFA in 0. 1 M PB. pH 7.4. Thc 
follow;ne PTO('NI,,~~ werearried lIut unncr ~Ierilecolldil ions. Thc brain 
was removed from the skulI. A 6-mm-thick slice containing thc OPNs 
was d issccted. frced ofthe dur .. and pia mater. and transferred Ihrough 
several chan&" of the fixative, beforc being plaa:d into 20% RNase­
fTee' sucrose in autoclaved O. I M PB for one nig,hl. Hybridi7.3t ion and 
staining procedures were carricd out as describcd (Wahle and Ikckh. 
1992). BrieHy. transverse scclions (20-25 Jlm) were cut using a cryostat 
(Leica) and coIlected in 2 x SSC(0.3 M NaQ and 0.03 M $Odium citr.t le). 
After a shon incubation in a mixture of 2 x SSC and prehybridiulion 
solutIon (I : I), the sectIOns .... -ere lransferred 10 prt:hybridization solution 
into aalass plate with 30 wells, covere-d wi th a &lass lid, and incubated 
for 2-3 hr 81 4j"C. Sections were Ihen hybridizcd wi th an anc iscn.sc 
digoJtigenin-UTP(Dig-UTP}-Iabeled GAD-cRNA probe that was tran· 
scribed in ~i"o usi ng the 2.3 kilobase feline GA D., cDNA cJoned in 
pSP65 (Kau rman cl al. , 1986) as templale. The probe was dilmed I : 100-
500. Hybridiution procttded for 9-16 hr al 45"C. Thc immunocyto-

chemical detlXlion of the hybridized probe~ was carric-d OUt undcr non­
sterile eondit ions. Sections were washc-d in 2 x SSC, 2 x SSC'5~ for­
mamide, 0.1 x Ssc/SO'Ji formamide, and 0. 1 x $SC 05 min each) at 
4S-C. fol1owcd by several changes of O.1 M Tris-bulfcred saline (TBS) 
(pli 7.6) at room temperature. Seclions were incubatcd in a blocking 
solution (block reagcnl. 80ehringer Mannheim) for I hr and then in 
~heep anti-Dia antibody F(ab), fraaments labeled wilh alkaline phos­
phatase (Hochringcr Mannheim) di lutcd al 1:1500 for 3 hr al room 
temperature. After three 15 min rinscs in TBS, sections were CQuili­
brated in 0.1 M TBS-Mg buffer (TßS wi th 0_05 M MgCI .. pH 9-9.5). 
Tbc antibody--alkaline phosphalasc conj ugate was " isua1i~ed by incu· 
balion ofthe sections in nitrobluc tetr.tzolium (Sigma; 0.35 mg/mi) and 
S-brom0-4-<hloro-3-indolyl-phosphale (Sigma: 0. 18 mi/mi) in TIlS­
Mg buffer (pH 9-9.5) in the dark. The devdopment of the purpk te­
action product was conlrollcd by visual inspcclion undCT Ihc mif'l'O­
scope. Although posi tive stainmg was seen in the superior eolliculus 
aftc-r 6 hr. the reaclion lime was prolonged up to 24 hr. Thc rcaction 
was stopped by sevcral rinses in TllS (pH 7.5). The sections were mount­
ed and ooverslipped in Eukitt for analys is and micfophOlography. 

Contra/s. Hybridizal ion wi th a sense probe dil uted 1:100-500 re­
"caled no signalS in monkcy brainslem. As posilive controllhe anl isense 
probe was tcstcd on rat :md cat oorteJt sections, where il reveale<! thc 
1)'pM:a1 populations of interneurons (Wahle and Beckh, 1992). Om ittina 
Ihe anli-Dig antibody or incubating scctions with the alkaline phos­
phalase substr.t te only did nOI reveal any staining al all. 

DouM.' lolwling. To cambine GAD In silu hybridization and PAV 
immunocytochemistry. hybridizc-d scclions were slOPped by rinses in 
TBS and blocke<! wi th 1"- bovinc $Crum albumin in TBS for I hr. Tbc 
free-floatingsections ",ere then incubated in PAVantibody diluted l:2000 
for 16 hr. After thrcc I S min rinses in TBS SCClions weft incubated in 
FITC-conjugalcd rabbit anti-mouse (Dakopalls, Hamburg, Germany) 
al 1:80 for 3 hr at room temperature. rinsed. mounle<l on Rclatinized 
slides. and coverslipped wel with TBS-glyccrol (I: I). Seclions were an­
aly-I.oo wilh a Zeiss aJt iophol and pholographed on T-Mu 400 film. 

Results 
PA V immunolabeling 0/ rip 
Macaqlle monke,V. At the pontine-mcdullary junction of the 
monkey brainstem , the vestibular nuclei, Ihe abducens nucleus 
(VI), and Ihe superior o live exhibitcd a high level of eellular 
and neuropillabclingfor PAV. whereas the paramcdian reticular 
rormation conta ined fewer immunorcactive neurons and less 
neuropil labcling. Howevcr. ven tral to VI at the midline, con­
rtned to the levels al wh ieh the abducens nervc (N VI) roollct5 
pass through the brains lem , a compaet eell group s tood out in 
PAV-immunostained ma terial (Fig. I A). These PAY-immu­
norcacli vecclls were mul tipolar. mt-dium sized {(D ... + D_.Y2 
- 35.99 j.l-m; SD = 6.51 ,um: N - 86), and arrnngcd in a band 
of two vertical ccl l eolurnns adjacent to Ihe midl ine, with their 
horizontally orienlcd dendrite5 reaching across the midline (Fig. 
IE). The localion and appearance ofthis ccll group wCrt iden­
tieal with the descriplio n o f the rip in the m onkey (Büttner­
Ennever et al. , 1988). In con lraSl , on ly weak PAV Irnm uno­
rcactivity of a few cclls with additional neu ropil labeling was 
seen in Ihe nucleus raphe pontis (rp) dorsal and rostral 10 rip. 
The nuc1cus raphe magnus (rm), ventral 10 rip. was devoid of 

Figur~ I . Photomierographs of fronta l sections through the OPN area of the monkey (A. B) and cat (C, D). A and 8 are ncig,hboring scclions of 
tM monkey tmmunoreactcc:J for PA V (A) and 5-IIT (8). A, TI'Ie OPl"s in Ihe rip, ananged in IWO ~II (.'Otumn~ IIL the midlim: bctwttn the rootk~ 
of the NV!. stand out by their PA V immunolabeling. The adjoining raphe nocki, rd and rm, afe PA V neptivc. and the adjacent paT3median 
reticular format ion contains only a few PAV-posill\'e alls with prominent neuropi11abeling. B, Withln Ihe raphe nuclei the rd and rm conlain 
5- HT -positive a-lls. whereas the rip neurons (OPNs) are not 5-HT immunoreaetive. C and D are photom icrographs of neighboring sections of the 
cal, Immunorcactc-d for PAV (e) and sta incd with cresyl violet (D). C. Ikt\\ttn the NVI rool lets the PAV-immunoposilive OPNs can be seen 
t'l1J~tercd around the midline benealh thc MLF. D. In Ihe Nissl-stained neiahboring section the rip can be delineated from rm ventrally. with the 
aid ofthc PA V comparison, bul not as cJcarly as in monkey (see Fig. 88). E and F. High-powcr magnifJCation ofPAV-immunoreacti ve OPNs in 
the monkey (E; fro m A. arro ... ) and cat (F; from C. urm"'). dcmOMtNltin81he charnctcri~lie sha~ oflhe neumns wüh Iheir hnri70ntally orient«! 
dendrilcs reaching 10 Ihc midline. Cal OPNs are smaller Ihan Ihose of monkey. For orientation blood vessels are indieate<! by stars. See Appendix 
for list of abbreviat ions. Scale baß : A- D, 0.5 mm: E and F, 30 Jlm. 
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Figure 2. A, PhOlomicrograph afa frontal section th rough the OPN area in human immunostained for PAV. PAY-immunorcactive putative 
OPNs in ri p are located beneath the M LF bctwccn the NYI rootlets, confme<l 10 thc medial part of the nrpc. H, High-power magnification from A 
(o"ow) showing three somata (upper lwo-thirds) and three cut dcndrilCS (lower Ihird) of PA V -immunoreactive neurons in ri p, with the characteristic 
features ofOPNs. Note the horizontally oricßtcd dendrites reaching across thc midline (small arrows) on thc leji. Scate bars: .1, 0.5 rum: H, 30 Jjm. 

PAV -immunoreactive neurons (Fig. IA ). Although the rip is 
bordcred by 5-HT -positive neurons in thc nudeus raphc da r­
salis (rd) dorsally and in thc rm ventrally (see also Peeei Saavcdra 
cl al. , 1983), rip neurons themselves do not display any 5- HT 
immunoreactivity (Fig. l B). 

Ca!. In the cat, unlike in the monkey, it has not been possible 
to identify the üPNs by their cytoarehitectural appearance in 
Nissl sections alone. After immunocytochemical stai ning with 
PA V antiserum, a distinct group oflabeled neurons was found 
near the midline within the caudal pantine ret icular formation 
between the rootlels ofthe Vlth nerve. As in the monkey, the 
appearance of this PAV-immunoreactive cell group was con­
fincd to levels at wh ich the Ylth nerve passes ventrally through 
thc brainstem. It was located between 1.8 and 2.8 mm beneath 
the ßoor ofthe fourth ven trideand extended about 1.5 mm in 
the anterior-posterior direction (Fig. IC). These PAV-immu­
noreacti ve ncurons were medi um sized [(Dm;" + Dm .. )12 - 30.78 
pm, SO = 5.59 }.Im ; N - 41 ; D .... = 41.18 }.Im, SD - 9.5 1 pm], 
with their long axis oriented horizontally (Fig. I F). They were 
arranged in a less orderly manner, com pared to those in the 
monkey, but wcre duslered around the midline, embeddcd in 
the descending tibers oflhe predorsal bundte forminga homolog 
to rip. Comparison with either Nissl-stained (Fig. 1 C.D) or 5-HT­
immunoreaeted neighboring sections showed that these PAV-

immunoreactive neurons formed a distinci group that differed 
from the adjaeent raphe nudei (Taber el al. , 1960). The dor­
sorostral rp consists or abilateral group o r small neurons, some 
ofwhieh are 5- HT positive. PAV immunOCYlochemislry oflhe 
rp revealed a dense neuropil labeling with a rew weak PAV­
positive cclls intermingled. As in the monkey, the neurons of 
rip displayed a disti net dark PA V immunolabeli ng that was 
contined exd usively to the cell bodies and proximal dendrites 
(Fig. 1 F). The ventral rm, which consisted of a more densely 
packed cell group with some 5-HT -positi ve neurons, was devoid 
or any PAV immunolabeling. 

H uman. At the loeation corresponding to that in monkey and 
cat, PAV immunocytochemistry revealed a group or horizon­
tally orienled medium-sizcd neurons [(Dm," + Dm.,)12 "" 33 .55 
}.Im; SD - 5.27pm; N ... 134J adjacent to thc midlinc, that we 
consider as the homolog rip (Büttner-Ennever CI al., 1988). These 
PAV-immunoreactive neurons lay seattercd within I mm oflhe 
midli ne, and extended 2.6 mm in the anterior-posterior direc­
tion. The rip d iffered from the lateral and rostral adjoining 
nucleus reticularis pontis caudalis (nrpc) by its distinctly labeled 
elongaled cells and poor neuropil- PAV immunolabeling. The 
nrpc contained only a few scattered PAV-imm unoreactive neu­
rons, with irregularl y oriented axes of diverse forms, smalI, large, 
round, or fusiform PA Y-immunoreactive neurons (Fig. 2A,B). 
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Transmiuers 0/ rip neurons (pUlaliv{' OPNs) 

/ mmullolabeling 0/ rip. Examination ofimmunocytOchemically 
treated thick (40 J'm) sections d id not reveal any positive la-
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Figure 3. High-power pholographs of 
consecutive semithin scclions of a pu­
tative ÜPN in the monkcy immuno­
reacle<! with GADA (Al, G LY (8), and 
GlU antiserum (C). For reasons si"cn 
in the Discussion, only the GL Y im­
munolabeling is oonsidercd fUßetion­
alt )' sig,n ificant. T he putative OPN is 
GA ß A negative (A). but d isplays GLY 
and G l U immunOTeaetivity (8. C). The 
somata and dendrites of the neuron are 
conlactoo by numerous GABA· and 
G LY-positivc pUßcta (A, B. Qrrows), 
whcreas only a few GlU-positive ter­
minals are associated with the soma 
(a"ows) and mainly confined 10 the 
dendritc (C). Scale bar, 20,llm. 

bcling of cell bodies in rip for the transmitter-re la ted substances 
TH, 5-HT (see above; Fig. I B), GAD, or GABA, but displayed 
a modera te GlU and GLY imm unoreaetivity (Fig. 3). The im­
munocytochem ical detcction of G LY was crit ically depcndent 



FifUre 4. Photomicrographs of fron­
ta l S«tions through Ihe monkey brain­
stern Ihal has undergone in situ hybrid­
izalion for GAD mRNA, followed by 
PAV immunorcaction.A and Bare high­
power pholomicrographs of a double­
labclcd neuron in the la teral rct icular 
fonnat ion expressing GAD mRNA (A) 
and PAV immunoHuorcsctnce shown 
bya dark- lield photograph (8).C and D 
art phOlographs of a fro ntal S«lion 
showing neurons in Ihe prctectum thai 
express both GAD mRNA (C, solid ar­
rows) and PA V immunonuore~nl"t: (D. 
solid arrows). Some neurons express 
only GAD mRNA (C, opm arrows) or 
only PAV immunorcactivity (D, open 
a"ow. F). E and F are photographs of 
a frontal stetion through the QPN arca 
(rip) demonstrating that QPNs display 
only strong PAV immunoHuorescence 
(F), but lack any GAD mRNA expres­
sion (E). ASlerisks indicale the same 
blood ves.sels in light- and dark- lield 
phOlOiraphs. Scale bars: A and 8. SO 
.um; C-F, 100 .um. 
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on the pretreatment with sodiurn borohydride to reduce re­
ma ini ng aldehyde groups and double bonds crealed by GA­
protein cross-linking (Kosaka CI al., 1986), and the use of the 
COffeet high dilution ( I: 12,000) of the G LY antibody. Prelim­
inary immunocytochemical preparations employing lower di­
lutions (e.g., 1:4000) of the primary antibody, as successfully 
used in a previous study (Vater cl al., 1990), did not reveal any 
cell body labeling, but only terminal stai ning. This was possibly 
duc to the steric hindrance of the primary antibody known as 

• 

I 
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the " Bigbee effect" (Bigbeeet al. , 1977). In our material we used 
thc strong im munoreactivity of known glycinergic neurons in 
the medial nudeus oft he trapezoid body (MNTB) (Vater el al., 
1990), located in the same sections, as a positive contro!. Only 
sections wilh specific G LY immunoreactivity in MNTB cell 
bodies were eval uated. The moderate GLY imm unolabel ing of 
the rip neurons was partly obscured by densc punctale labeling 
oUllining the somala and proximal dcndri tcs. 

The postembedding immunocytochcmical stain ing of Epen-



A 5-HT B TH 

r/ 
Figure 5. Reconstruction of 5-HT -immunopositive (A) and catecholaminc TH-immunOPQsitive (B) profiles in the OPN area ofthe monkey from 
40 " m cresyl violet-stained seelians at high-power magniftcation. ÜPNs (shaded cells) are embedded in a network of 5-HT -positive and TH­
posit ive libers. but only few varicosities (arrows) are in dose contaci with Ihe OPN somata. Seale bar, 20 ",m. 

embedded material enabled US 10 study the amino acid trans­
mitter content of consecutive semithin sections of single rip 
neurons, putative OPNs. Figure 3 demonstrates that Ihe somata 
of thc rip neurons did not show any GABA immunoreactivity 
(Fig. JA), but thcy do have a moderate GLY and GLU im­
munoreactivity, confirming thc results obtained in thick sections 
(Fig. 3B,C). The intensityofthe GL Y labeling was clcarly above 
background, similar to that of saccadic inhibitory bursl neurons 
(IBNs) and neuronsofthe ventral nudeus ofthe trapezoid body 
(VNTB), hut much weaker Ihan the strongly labeled neurons in 
the MNTB. In the semithin seclion s the GLY immunoreaetivity 
was exclusively eonfined to the somata ofrip neurons, whereas 
virtually all eells displayed various degrees of GlU immuno­
reactivity. 

In Si1u hybridization. Thc distribution in the monkey brain­
stcm ofneurons at the level ofthe ÜPNs that express mRNA, 
eneoding the GAD6, isoform, basicalty resembled that ofGAD/ 
GABA-immunoreactive neurons (A. K. E. Horn, unpublished 
observations). Intensely, and less inlcnsely, labeled cells of dif­
feren t soma sizcs were found in the superior and inferior eol­
Iieuli, scallered beneath the medial longitudinal fascicle (MlF), 
in the perioJivary nudei, the periaqueduetal gray, and rm. Only 
in the lallcr two areas did we observe more mRNA-expressing­
than GAD- or GABA-immunorcactive cells. More anteriorly, 
many GAD mRNA-expressing neurons oceurred in the pretec­
tal areas, and the nucleus of thc optie tract (NOn. Even the 
highly myelinated NOT eontained many intensely labeled large 

cells in addition 10 weaker labeled smaller somata (Fig. 4C). 
However, the area eontaining the OPNs was devoid of GAD 
mRNA-expressing neurons (Fig. 4E). This observation was 
confirmed by marking the rip neurons by their strong PAV 

Transmitter inputs of OPNs 
0.2 

I-Som' I o Dendr~e 

Glycine GABA Glutamete 5-HT Catecholamines 

Figure 6. Histogram with SOS demonstrating the quantitative com­
panson ofthe analyzed transmitter inputs to putative OPNs: OPNs are 
contacted by comparably high numbers ofGlY· and GABA-immu· 
noreactive tenninals along the somata (dark bars) and dendrites (light 
bars). GlU·positive terminals are mainly confined to the dendrites, 
whereas only a few GlU-, S-HT- , and TH -posit ive terminals contact 
OPN somata. The analysis was performed on III rip neurons (putative 
OPNs) (GlY), 99 GABA, and 80 GlU in semithin seetions, and 79 
S-HT and 30 TH np neurons in 40 ~m sections. 



Table 2. Comparlson of the retrograde labellng in two cases: one 
witb a WGA-HRP Injectlon into the rIMLF, the other with a lU_ 
GLY 

WGA-HRP-labeled ' H-G LY-labeled 
celb a lls 

Tpsi- Contra- Ipsi- COnI11l-
lateral lateral lateral lateral 

m' ++ ++ 

" + + ., + 
Lateral nrpo ++ + + 
ri, + ++ + ++ 

'" ++ 
mod" + + + 
Benealh BC + ++ 

'" ++ + 
"Pe + 
;C ++ 
riMLF + + 

+ indieatesweak re!rOlTllde I.bclina; + -t, stron, l'ttl'Olf1lde labelinl- WGA-HRP 
labels .11 atren:nts, whertl5 specilic upuke or GL Y labels only glyciner&i<: ecU 
p1)ups-rip in panicuJar. Note that there are no blbcled eclls in tße sc .ner ' H­
GL Y injection. See Appendix ror abbreviations. 

immunoreactivity in in situ hybridized, labeled sections (Fig. 
4E.F). Double-labeled neurons, expressing GAD mRNA and 
PA V im munofluorescence, were obscrved in several areas, for 
examplc, ventral to the brachium conjunctivum (BC) and pre­
tcctum (Fig. 4A-D). Intcrestingly, only subsets ofneurons wcre 
double labeled; olher celJs expresscd either GAD m RNA or 
PAV immunoreacti vity alone (Fig. 4c'D). 

GLY immunolabeling 01 the riMLF. The riMLF was high­
lighted by its relatively dense supply of GL Y-immunoreacti\'e 
tibeTS and puneta, whereas a mueh lower concentration of im­
munolabeled puneta was observed in the surrounding areas. A 
considerable number of G LY -immunostained puneta was cx ­
clusivcly associated with large multipolar neurons, outlining 
their somata and proximal dendritcs (sec Fig. SC). No G LY­
immunoreactive neurons were detccted with in the riMLF. 

Transmitter inpUlS (0 rip neurons 

Although the cells of rip are embedded in a densc network of 
5-HT-im munoreactive and T H-immunorcactive fi ber traets, 
onlya few varicosities of5-HT -positive and TH-positive fibe~ 
werc in dose contact with Nissl -stained cell bodies of putative 
OPNs. This is dcmonstrated in Figure 5, A and B, in a drawing 
ofal l varicosities scen on focusing through the full thick.ness of 
the section. In contrast to the sparse number ofmonoaminergic 
contacts, thc somata and prox imal dendrites ofthe rip ncurons 
reccivcd a dense supply of G LY- and GABA-/GA D-im muno­
rcaetive puncta (Fig. JA,B). Thequantitative analysis for am ino 
acid transmitter inputs was per formed on semithin sections. and 
that for th e monoaminergic inputs on Ih ick sections 
(40 ß.! m). Thc histogram in Figure6 comparcs the tenninat counts, 
quantitatively. Similarly high numbers of GA BA- and G LY· 
immunoreactive tcrm ina ls contact the somata and dendrites of 
rip neurons as welt. In contrast, GLU-immunoreactive termi­
nals weTe almost entirely restricted to the dendrites of rip ncu­
rons (Figs. Je. 6). Asjudged by their localization on high-power 
photomicrographs of consccutive scmithin sections, some punc­
ta might colocalize GA BA and GLY immunoreactivity, but the 
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, 3H-GLY 

riMLF , 

c \ ' lWGA-HRP 

• 

riMLF , 
TR' -

Figure 7. Reconstructioll (A) and photomicrographs of the injcction 
sitc with ' H-GLY (B) and wi th WGA-HRP (C) in thc caudal ri MLF. 
A. Drawing ofthe section in B: the shaded area indicatcs thc cstimated 
' H-GL Y uptake area; Ihe hroken line outlines the region ofspread. Both 
injcction sites are comparably placed involving the whole riMLF, the 
underlying mesc:ncephalic re ticular fonnation, and ffi. See Appendix 
for list ofabbreviations. Seale ban.) mm. 
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-" flgurr 8. Dark-field (A) and light-field (8) micropllolographs of a frontal section through the OPN region showing the retrograde labeling in rip 
foll owing a JH_GL Y injeclion inlO the ri~lF (Fig. 7). Dcnsc silvcr grain accumulations weR: sclectivdy faund overlying neurons in the rip (A. 8); 
nonspecifically labele<! alTcrcnts are seen over pml (oPt'n a,row). C. High-power magnilication of asemithin setlion of a large neuron in the riMLF 
ofa monkey Ireat«! wilh GLY anliserum. Note the numerous GLY·immunorcactive terminals along the somata aod pro~jmaJ dendrile orlhe 
putative burSI neuron (arrows). D. High-power magnifkat ion of labeled rip neurons from A aod B (arrows). Scale bars: A and B, 300 $Im; C and 
D - 20$<m. 

small size ofthe terminals prevented any definite conclusion at 
the ligh t microscopic level. In addition, the axons of the trans· 
v~rsely cut predorsal bundle Iying adjacent to rip displayed strang 
GLU imrnunoreactivity, but wen: negative fo rGLY and GA BA. 

Retrograde labeling with JI1-glycine and WGA-HRP 

In order 10 idcntify thc neuronal projcctions 10 the riMLF, a 
case with a large unilateral WGA· HRP injcction inlolhe riMLF, 
comparabJe to the JH_GLY injection (see beJow), was plotted 
(Fig, 7). A detailed description of projeclions to the riMLF is 
beyond the scope of this sludy, so only the localizalion of rel-

rogradely filled cells is summarized in Table 2. The rip neurons, 
ven tral to VI , were strongly labcled, with a contralateral pre­
dominance. 

Thc lH-GLY injcction sitc, which was placed in the caudaJ 
nMLF, displayed a centra] nccrOlic area Iocaled beneath the 
riMLF, probably duc to damage made by the large pressure 
injcction or the tip of the g1ass micropipette (Fig. 7A. B). Since 
this damage did not involve thc riMLF itself, transmitter uptake 
within thc termination area ofOPNs in the riMLF should not 
have been affected . Thc estimated uptake area involved thc 
whole extent ofriMLF and thc undcrlying mesenccphalic retic-



ular formation, thc interstitial nucleus of Cajal (iC), and thc 
zona incerta. Thcre was no sprcad of lH-G LY to the oontra­
lateral side. Within the ha lo of the injcclion site dcnse silver 
grain accumulations werc obscrved over neurons of the ocu­
lomator nucJeus, the zona incena, thc nucleus ruber (rn), and 
mescnccphalic tegmentum lateral 10 ie. This ceil labeling was 
thoughl to be duc to nonspecific uplake by neurons in the vi­
cinity ofthe injeclion site (HOHeit and Ljungdahl, 1975). Since 
backvound levels of the silver grain dcnsil)' were achieved at 
levels caudal to the oculomator nucleus, tbe analysis was te­

strittl:<.! 10 IJminstem regions caudal 10 the trochlear nucleus. 
Abau t 9 mm caudal to the injcction site the strongest retrograde 
labcl ing was found overlying the Nissl-stained cell bodies in the 
rip. The labeling was bilateral wi th a slight contralateral pre­
dominance (Fig. 8A.B,D). Abaut 70% of rip neurons werc la­
bcled fo1!owi ng the WGA-HRP injection into the riMLF, com­
pared with 50% ofall rip neurons labckd afterlH-GLY injection. 
The silver grain accumulations, inditating JH-GLY uptake, wcrc 
rcstrictcd 10 neurons or ccll pans in the upper surfate of thc 
5eClions. ThercFore, thc labeling ofonly 50% ofrip neurons was 
attributcd to thc short radiation lenglh (1 pm) oftritium in the 
40-pm-lhick sections. In addilion, labcled neurons were found 
in the conlralateral reticular formation lateral 10 the nucleus 
relicularis pomis oralis (nrpo), and in the ipsilateral superior 
vestibular nuc/eus (sv). A few labeJed large ccns were scatlered 
in the ipsitaterat caudal reticular formation at the pontome­
dul1ary border (Table 2). 

In bOlh cases we observc<.! si milar patterns of anterograde 
WGA -HRP and l H_GLY tabcling of fibcrs desccnding down 
the brainstem. Termination paUerns were seen in the eell groups 
ofthe paramcdian traci (pmt) (Bünller-Ennever 1992}(scc open 
arrow, Fig. 8A). in the marginal zone between the nucleus pre­
posi tus hypog1ossi and the medial vestibular nucleus (mv) ips­
ilaterally, thc ip:;ila tt:nd inrl,: l'iul Q!i vt:, and thc contrala teral nu­
deus relicularis lateralis. 

Discussion 
In Ihis study ..... c suggest that PA V immunolabeling is a useful 
hislological marker for the saccadic OPNs in thc monkey, cat, 
and human. In addition, Ihis is the rl rst neuroanatomieal study 
that dircctly identifies and quantifies the transmitters that are 
associated with OPNs, and shows with diverse methods that 
Ihey ulilize G LY as a neurotransmitter. 

PA V immunolabelmgofOPNs 

The neurons in rip contained high levels ofthc calcium-binding 
protein PAV, which appcars to be associatcd with fast firinS 
neurons and ceHs with high oxida ti ve metabolism (fo t review, 
see Celio, 1990; R. F. Spencer, personal communication). Wc 
oonsidercd Ihe PAV-i mmunoreaclive neurons in rip as OPNs 
for following reasons: vi rtually all neurons composing the bi­
laminar cell I:'olumn ofrip are- PA V im munorc:lctive, and phys­
iological sludies indicalc that OPNs are arra nged in a compacl 
ct'll group, which corresponds 10 rip (Büuner-Ennever Cl al., 
1988), and that rip consiSIS mainly of OPNs (Langer and Ka­
neko, 1990). Thc PA V ex pTCssion is in line with the elevatcd 
energy consum plion shown by the strong cytochrome oxidase 
activilY in OPNs (Bfiune r- Ennevcr ct al., 1988) and thei r high 
tevel oflonic activity. whi ch often excecds 100 spikes/sec in the 
monke),. These rcsults consolidatc the concept that the rip is a 
functional emity consisting mainly of OPNs (Bün ncr-Enncver 
el al .. 1988; langer and Kaneko, 1990), and diffe rs from the 

neighboring raphe nuclei (Pro:i Saavedra et al.. 1983) by its 
characteristic association wi\h PA V and the lack of 5- HT im­
munorcactivity. In cats, neither the location ofthis PAV-im­
munolabeled cell group nor thc cytoarchilct:tural features arc so 
ckar and slrictly organized as in monkey. Howevcr, Ihe labeled 
cells corrcspond 10 th~ region of OPN recording sites (Evinger 
et al., 1982; Ohgaki et al., 1987; St rassman et al., 1987) and arc 
coextensi ve with the retrogradely labeled cells resulting from 
riMLF injections (Ohga ki ct al .. 1989). In addition, the mor­
phological description of single OPNs following intracellular 
HRP injC'Ction (Ohgaki CI al.. 1987) matches the anatomieni 
features of our PAV-i mmunopositive putati ve OPNs. In hu­
man , Ihe PAV-immunolabeled neurons wtthin the medtat part 
of the nrpc in this study correspond with those labeled for cy­
lochrome oxidase activity (Düuner-Ennever et aL, 1988). They 
were confined 10 the medial division ofnrpc in Olszewski and 
Baxter ( t954) and could dearly bc delineated from the adjacent 
rostrolalcntl nrpc region . 

OPNs are glycinergic 

Three independeO! neuroanatomical methods provided evi­
dence that OPNs ust GLY as neurotransmitter: (I) OPNs arc 
GLY immunoreactive; (1) OPNs were selectively back labcled 
with lH-G LY from the riMLF; and (3) OPNs lack GABNGAD 
imm unoreacti vi tyand GAD mRNA. 

GL Y immunOreQClivily. Despite the relativel y moderate GL Y 
immunoreactivity ofthe OPNs, thc labeling was considcrcd 10 

bc significant for several rcasons. First, preabsorption controls 
for Ihe GLY antibody abolished all imm unolabeling of termi­
nals, axons, and cell bodics. indicating that the antibody fCC­

ognizes GA-fixed GLY. Sccond, GLY immunostainingalso was 
weak in other neuronal populations, whlch were proved g1ya­
nergic by independent mcthods, for cxample, saccadic IBNs of 
the horizontal system ($pcncer ct al., 1989) and in subnudei of 
the superior olive (Helfert et al., 1989; Bledsoe et al.. 1990). 

Although GLY, li ke GLU, is used as metabolie intermediate 
by all cells. GLY im munoreactivi lY has been considcred as a 
valid marker for GL Y -releasing neurons becausc Ihere is a great­
er differente between transmitterand metabolic poolscompared 
IC'l CiLl J. Quan titati ve eleclron microscope postembeddini im­
munogold studics demonstrated thaI significantly high GLY 
concentrations were found ont)' in cell bodies ofGLY -releasing 
neurons, wbereas GLU immunoreactivi ty was present in many 
putative g1utamincrgic and nonglulaminergic neurons at various 
levels (Ottersen , 1989a,b). An extensive discussion on Ihis 10Pir 

is givcn by Walberg et al. ( 1990). As a result we considercd oo ly 
the sclectivc GLY immunolabcling of the OPN somata 3ii fune_ 
tionally significant, but ignorcd thc GLU immunorcactivity of 
OPN cell boches, since it appeared ubiquitous. 

A possible light cross- reacti vi lY of the GLY anlibod y with 
fixed GABA, as reported by the manufacluring company, did 
not prove 10 be a major problem, bccause wc did not observe 
any GLY immunotabeli ng in known GABAergic cclls. Besides, 
our study demonstraled thai thete is no cross-reacting GABA 
in OPNs (see below). 

Selecli\'(~ GL Y uplake. The GLY immunoreactivity ofOPNs 
was subslantiated by their selcclive retrograde labeling after IH_ 
GLY injection into the riMLF. Th is mcthod has been succcss­
fully used to demonstrate the g1ycincrgic nature of $Cveral pro­
jcctions (Spencer CI al. , 1989; Saint-M arie and Baker, 1990). It 
is bascd on the specific high-affinity uptake of G L Y, excl usi\'ely 
by terminals of glycinergic neurons, and its sUbsequent rapid 



retrogmde tmnspon back to the eell bodies of origin (Hökfelt 
and Ljungdahl, 1975: I-I unt et al., 1977). In our study the pres· 
ence of Gl Y.rcleasing terminals with in the riMlF was indi­
eated by the abundanee ofGLY -immunoreaetive puneta encir­
d ing the somata and proximal dendrites of large neurons (Fig. 
SC), presumabl y vcrtical saccadic "burst neurons" Bültncr-En­
neverand Büttner, 1978; Horn , unpublished observations). T hc 
'1-J'I!'('i fi ('il Y ofl hl" rClrogr:1de lahcling was demonstratc<l by com­
paring the distribution of JH-Gl Y-Iabeled neurons 10 that of 
WGA-H RP neurons, similarl y labcled after riM l F injeclions. 
80th injection si tes. JH_GL Y and WGA-HRP, were large, en­
suring suffi eient back labcling of the OPNs from the ri MLF. 
Sprcad in lO adjaet:nt arcas cuuld ~ igHun:u, sillec HUlle uf thc!>!; 
receive inputs from the OPN region (Bültncr-Ennever and Bütt­
ner, J 978). Thc OPNs lie far enough away from the injcction 
site (9 mm) that we were confident that the retrograde labcling 
of the OPNs with ' H-Gl Y was nOl duc to local unspeciflc low­
affinilY uptake. whieh was obscrvcd in some regions near the 
JI'I-GLY injeetion site. Considering all areas conta ining WGA­
HRP-labeJed neurons (sec Table 2), retrograde JH-GLY cel l 
labcJing was obscrved on ly in the rip, in the ipsilateral sv, seat­
tered in the pon lomedullary rcticular forma tion (medrf), and in 
a cell group lateral to nrpo. Notably, no JH-GLY-Iabeled cells 
were found in either the deep layers of the sc, whieh send an 
exeilatory projcction to the ipsi lateral riMLF (Haning et al.. 
1980; Nakao el al. , 1992). or Ihe mv, whieh provides an excit­
alory eontralatcral projeclion 10 the je and caudal riMLF (Bült­
ner-Ennever and Büttner, 1978). Thc anterograde JH-GLY la­
oclillg wa:; il.lt.:llt icalto the WGA-HRP la~ling, and attri butcd 
10 unspccifie low-affi ni ty uptakc by cell bodies in the injection 
site (sec discussion in ßenson and POlashner, 1990). Like othcr 
amino acids, fo r cxample, leucine, GLY appears to be aetivc1y 
taken up by all cell somata in a nonsclective fashio n, incorpo-­
rated inlo proleins, and transported anterogradely. The antero­
grade labeling pattern did not interferc with the scleetive ret­
rograde cell labcling. 

In situ hybridization. In our sludy the negati ve GABAIGAD 
immunolabcling, ofthe OPNs was eon firmed by the lack of any 
deteetable level of GAD., mRNA shown by in süu hybridiza­
tion. In conlrast to local intemcurons, lightly active large GA­
BAergic neurons with far reaching projections may nol aecu­
mulate any appreciable level ofGAßA/GAD in the cel l bod ies 
detcttab1c by immunocytochemical mclhods. UAUAlUAU IS 
immed ialely transponed away to the axon terminals, whieh 
always displaya strong immunorcactivity. Thc dctcction ofGAD 
mRNA expression by in situ hybridization can overeome this 
problem, si nce thc GAD cncoding mRNA is largely conftncd 
tO the cell body. Using in situ hybridi7..ation in the COlt, large 
preteetogeniculate projection neurons have becn identificd as 
GAD mRNA ex pressing (Wa hle et al. , in press). although being 
GAD and GA ßA immunoncgali ve in other studies (Nabors and 
Mize, 1991). The possibility Ihat the OPNs might contain a 
GAD isoform, whieh is not dClcctcd by our probe, cannot be 
excl uded full y, but appcars unli ke1y. So far, the distribution of 
GA BA-immunolabeled and GA D6 , mRNA-exprcssing neurons 
appears to be similar, and indicates the predominance of th is 
GAD isoform in the ad ult monkey brainslem. We would have 
prefc rred to conflrm thc glyci nergic nature of OPNs di rcctly 
with in situ hybridization , but to date no spccific probcs for 
enzymes in the GL Y synthcsis pathway are avai lable. 

The inhibitory effcct ofOPNs on saccadic burst neurons was 
first proposcd by Keller (19 74), who found that microstimula-

tion of the OPN area in monkey eliminated saceades in all 
dircclions, or the saccades were transiently interrupted in mid­
ßight (Evinger et al., 1977). Simultaneous mierostimulation of 
the OPNs, and extra- and intracellular recording of saccadie 
burst neurons in the IBN and exeitatory burst neuron (EBN) 
area (Nakao et al., 1980; Furuya and Markham , 1982; Curthoys 
et al., 1984) and in the riM LF in the cat (Nakao et a1., 1985, 
1989), providcd direcl evidence for Ihe in hihitory ar.tinn of 
OPNs on saccadic burst neurons at monosynaptic latencies. 

Taken together, our neuroanatomical findings strongly suggest 
that Ihe inhibili on of OPNs on saccadic burst neurons is me­
diated by the neurotransmitter G l Y, and not by GABA. 

Transmitter inputs ojOPNs 

Usingimmunocytochemistry, wc idcn tifled monoaminerg,icand 
amino acid transmitters in termi nal-like Slructures on OPNs 
tha t presumabl y control the level of neuronal activity. 

Monoamines. We observed only a few 5-HT-posilive and 
TH -positive varicosities eontaeting the somata of putative OPNs, 
a lthough we were not able 10 study the lerminal supply of the 
distal dendrites in our preparations without intracellular slain­
ing ofthe OPNs. Pharmacologically, a strong eff'cct of S-HT on 
OPN aetivity was demonstrated in the cat (Baloh el a1. , 1982; 
Ashi kawa et al., 1991; Furuya et a1. , 1992). After systemic or 
loca l ion tophoret ic application of 5-HT, the authors describe a 
eomplete suppression of the tonic OPN firing rate. Th is sup­
pression was abolished by an ini tial intravenous injection of 
methysergide, a S- HT blocker. The discrepancy bctween the 
strong effect of 5- HT Oll OPNs allU theil" luw IIUlllocr ufc!)n­
tacting S-HT -immunoreaetive varicosities could have several 
reasons: il is weil known that scrotoninergic neurons aet either 
through spt.'cializcd synaptic eontaets, or they release the trans­
mitter from varicosities wi thout synaplie junctions on their tar­
gets, in a "hormone-like" fashion (for review, see Jacobs and 
Azmitia, 1992). Th is, or the presenee of serotoni nergic contaclS 
on the distal dendrites ofOPNs, might ex plain the strong effeet 
of S- HT. So fa r no pharmacological data are available on the 
effeet of eateeholamines on OPNs. Anatomieally describcd pro­
jections from the rm, rd (ho et al., 1984; Langer and Kaneko, 
1990), and the locus coeruleus (h o et al" 1984) might constitute 
the crigin of scrotoninergie and noradrenergic fibers contacling 
the OPNs. 

(jA IJAergic and glycinergic inputs. The equally dense distri­
bution orGA BA- and GLY -immunoreaetive puneta on the so­
mata and proxi mal dendritesof putative OPNs indicatcd a streng 
input fro m GA BAergie and glyci nergie terminals. Surprisingly, 
Furuya and coworkers did not find a significant effect after ion­
tophoretic application ofGLY, and only two out of eight tested 
OPNs were suppresscd following GABA administration (Ashi­
kawa et al., 199 1; Furuya et al., 1992). This poor correlation 
with our anatomieal fi nd ings might be duc to various reasons. 
First, the immunostaincd profiles at the OPNs seen with light 
microscopydo not establish direcl monosynaptic contacts. This 
is considcred unlikely, but additional ultrastructural studies or 
the demonstr~ tion ofGLY cr GA BA reccptors at the OPNs are 
required to prove that issuc. Second. since in the iontophorctie 
slud ies extraeell ular record ing teehniques were used, it is pos­
sible that a d ireel effeet of the applied drugs was not achieved 
or, alternatively, not detected. In contrast to the effeetive S- HT 
application in 79 out of 100 neurons, thc authors tested much 
smaller sampies with GA BA and GLY (six and eight OPNs), 
respectivcJy, and an effcct mighl have been misscd. Third, not 



all thrircclls .... rre OPNs. Thl·"Qr~uc:lII\·. glycinl'rgie and 1orG-\­
HAe-rgu: inputs appcar thl.' 1l1 0~( li J...("I~ eandid ,lIes for pro\ Idlng 
the bnsk .nhlbition oft he ton ic OPN aell\'lt~ \1 hwh trigga s thc 
So.1ccadc {Inset. 

\\Ie CU Il only spreulatC" aboul possible sourt'es ofG.:"llAergie 
and ~I}e lncrg i c "Ikrems 10 OPNs: these path\lnys r('m<lln 10 bc 
slUdlerl. Some moods fo r So.1ccadc generation suggcst lhat Ihc 
~cc"dic IBNs produc(' the pauS(.- in OllNs prior to a s,1ccade 
(Ro blllson . 1975). Theoretical1y thc glycinergie IßNs uf the 
hori7olHai sySlcm (Spenrcr ct al.. 1989) could be a source of 
GLY ·i mmunorcacli ve lerminals a t th f.' OPNs. HuL dcspite the 
meliculous Imci ng of IBN axons In severnl :.lUdies, no direcl 
mon()~~ napllc prOJecllon oflUNs lu th ... O PN area has c't'r been 
seen (Nakao CI a1.. 1980: SII":lssman Cl al.. 1986: L1ngcr and 
Kancko. 1990), Thc oonccpt thaI s.1ccade<; :,re initiatL-d by a 
trigger signal from the se \\':l~ clabor.ltt'd by MunOL and Ciui tton 
( 1989). who suggeslt:d a mo<lificati on ofthe s:lee3de generator 
nHXlcl. Tllcy I'lUfX,Iscd IIVQ function;tl inputs from thc sc to thc 
OPNs: a direct exeitatory projeetion from Ihe '-fixation Lone" 
o f Ihl' rostral sc. I'hieh \\(JUld aetl\;!tc OPN ~ durin~ Ihallon 
:"Ind Ihcreby prelt''nl saccades (Büuner-Enm'\ er et al .. 1988). 
Gaze shirts or s..'lceadcs (Pare <lnd Guiuon, 1990) woukl lx' ini­
u:ltl'd b~ pol) s~ naptic connections fro m thl' eaudal sc \' ia long. 
kad burSl neurons (LLß!'\s) Ihat \\ould in turn inhib l1 OPNs 
and producc the pause. SaccadC·rclall'd LLßNs wen: foumllll 
thc dOrs.11 ml'dullaf) reti('ular formation (Scudder el al .. 1988). 
and iu Ih.., rO)lral I'PR r (Ilcpp 3nd ' !elln, 1983) and Il udeus 

ret ieulari s tegmenti pontis (nrtp) (Crandall :lOd Keller. 1985), 
All tht!sc areas rC'Ccive direct projcclions from the deep layers 
of the sc (Harting, 1977: Edwards a nd Ilen kel. 1'::178). and the~ 
prOJcct to O PNs in thc monkey (Uüllner-EnnclL'r ct al.. 1988: 
Langer and Kaneko, 1~90). Togethcr. both pathw3Ys from the 
sc 10 IhcOPNs could explain Ihe initial monosynaplic cxeilalion 
ofO PNs a Ocr sc $timulal ion Ihal l~ rollol\('d b} a pol}synoplic 
Inhlbllion(Ra) boum and Keller. 1977), Therc iorc. funetlOnally. 
GAI1Acrgic or glycincrgic LlBNscould sefle as the inteftleuron 
produc ing thc inh ibi tion in ü r Ns to ini tiale:1 saecadc. 

An additio nal possibJr inh ibi lo r ~ souree 01' gl~cincrSI(' and 
GAßAcrgic afferents 10 Q PNs might denve from 1 esti bular neu­
rnn~ FIL'C trophysiologica l studics in lhe cat suggested a mono­
synaptic' projcct ion of inhibitol") \'('s tibular type 11 n('urons 10 

OPNs (110 ct al.. 1986). Allhough rt" lrogmde l:.tbeli ng in the 
veslibular nudei was shown follo .... ing IIRP injections into (he 
Ü PN region (Langer and Ka neko, 1990). Ih is conn(""C l ion was 
nOI pro\cd b~ more reliable amerogradc tr.icing studies (ü emts 
ct al., 1985) o r inlr3ceIJuiar HR!' IIljcetions of n~stibular neu­
rons (M cCf\'a et 01.. 1987a.b). 

Glwamlllergic IIlfJut.~. The 5e\eralfold higher eoncentratlOn 
ofG LU m putat ;\'(' GlU-relcasing h:rnunals. cOlll pared \0 that 
in Ol her terminal I) pes, is aeceplcd "s significan t proof of their 
use of GLU as a neuro transmincr. whercas (lLU immuno la­
beling ur cell bod ie-s ma} o n I, refket the prescnee uf (lL U in 
lhe m(' t:lbolic pool (liu CI a1.. 1989; Otterson. I 989a.b). GLU· 
immunorcactive termina ls wert m:linly concentraled on the 
dendrites of putative O PNs. In Ihe monke~. OPNs rccen'e a 
dircci crossed projC<"lion from the dt'Cp la~ers of Ihe rOSlral sc 
\ia Ihe prcdorsa l bundle (Bül1ner-Enne\cr CI a1.. 1988). Smce 
the fibcrs of Ihe predorsa l bundle di splay G L.U imrnunorcac-
11 \ 11) :md deSC"end adjaeent In O I' N<;, it aJl P\~ars feas ibl(' Ihat 
Ihe 3et h 'alion of O PNs o nlO their Iiltcra ll ~ oricnted dendrites 
is mediated by glutamineTgIc proJccllons from the sc. ExcitalOI")' 
projections to OPNs could also o rigi nate from areas in Ihe fron­
lai eorl C" .~ thai arc in\'ol\'c<l in !><1ceadt' generalIon , \ \ 'ilh ana-

tomical lracing techniques. d iTL"'C1 projeclions from thc frontal 
e~e fidds (FEF) :tnd thc su ppkment:l~ eyc fidds (SEF) 10 the 
OPN region werc dt'mOnslrah:d (Shook CI a1.. 1988: Slanion et 
;11 , 1 QRR) 

TheordiL<llIy. saccadie dl sorders eou ld tx' cauSc..">({ b~ mal· 
fu netion of lhe üPNs, ßasnJ un the d ifferent models for S:l('cade 
gl'neralion, üPN lesions could lead 10 S:lITad ic oscillations (Zce 
and Rohinson, 197Q) or ~Iow saccadcs (Scudder et a1.. 1988; 
KaneJ"o. 1989). Two finding~ suppon Ihe laUer h ~ polhe~is: first, 
no degener.nion of O PNs 1'3S obscr-l'd in t\\O human cascs 
..... ilh o psoclonus (Rldlc) CI al.. 1987); SC"Cond, lbolcmc acid Je­
sions o fthc O PNs in Ihe n1onJ...ey resullcd in slowingofsattades 
I KaneJ...o . '991). AIICmall\et ~ . abnormal in PUlS 10 O I'Ns or 
saccadic burSI n('urons could he the t·auS\! of the saccadlc diS· 
orders. A knowlcdgc of the cxact con ncctivi lY :md thc Irans· 
nlltters thai conlrollhe neuronal elcmcllIS of th~ S:lceadic burst 
Sl'nerator eould hdp 10 elud<latc the cause for cena in ~ aceadic 
dlsordcrs in humall s. for l'xample, b) eombi ning neuropat ho­
logieal analyses 01' the saccadc gencntlo r in cases with saecadlc 
dlsordcrs wilh :I S<'areh for possl blc transmiua dcficits. 

In thi:. articlc \\"e have shown that O PNs are gl~cin f.'rgi c. and 
Ihe OPN somata in prima tC"S have GAßAergie 3nd glYCIIlCrglC 
inputs. \\hile G LU is conlined tO the dendri tes. Thc ('ornp\e· 
mentar~ ana l~sis ofhuman n p In 5:.tccadic d isorders rem:llns to 
bc in't:stlg:lted. 
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