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Abstract. Neurons in the trigeminal sensory nuclei (TSN) were indicated to 
project simultaneously to the cerebellar paramedian lobule (PML) of both 
sides by way of axon collaterals in the rabbit. Injections of Fast Blue and 
Diamidino Yellow made in twelve rabbits into the regions of the left and right 
PML cortex, respectively, resulted in retrograde double labeling of neurons in 
the principal trigeminal (Vp) and spinal trigeminal nuclei including 
subnucleus oralis (Vo), and rostral (Vir) and caudal (Vic) subnucleus 
interpolaris. Sparse labeling was seen among the root fibers of the facial nerve 
imnlediately adjacent to Vp. The data indicated that out of the total population 
of ipsilateral and contralateral single labeled neurons in TSN subdivisions, 
double labeled neurons constituted about 1 1 % in Vo, 2% in Vp and Vir, and 
1 % in Vic. Thus, it seems that out of TSN neurons sending collateral 
projections to PML of both hemispheres, those in Vo project more frequently 
than those in Vp, Vir and Vic. The homotopic (corresponding) middle (c and 
d) PML sublobules receive collateral projections from neurons of all these 
TSN subdivisions, whereas the caudal (a and b) and rostral (e and f) 
sublobules seem to be targets of the projection from Vp and Vir. The findings 
suggest that some TSN neurons may exert simultaneous bilateral modulatory 
influences upon the regions in various sublobules of both PML. 
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254 D. Bukowska et al. 

INTRODUCTION 

The trigeminal sensory nuclei (TSN), the main target 
of primary afferent fibers mediating pain and tactile sig- 
nals from orofacial structures, contain neurons which 
project to various regions of CNS such as the thalamus 
(Silverman and Kruger 1985, Phelan and Falls 1991, 
Li and Mizuno 1997a,b), superior and inferior colliculi 
(Silverman and Kruger 1985, Li and Mizuno 1997b,c), 
parabrachial region (Hayashi and Tabata 1991), oculo- 
motor and accessory abducent nuclei (Van Ham and Yeo 
1996b), cochlear nucleus (Li and Mizuno 1997a,c), in- 
ferior olive (Van Ham and Yeo 1992, Yatim et al. 1996), 
hypoglossal nucleus (Aldes and Boone 1985) as well as 
the spinal cord (Hayashi et al. 1984, Phelan and Falls 
1991) and cerebellum. According to cytoarchitectonic 
criteria (Olszewski 1950, Taber 1961) TSN is divided 
into the mesencephalic trigeminal nucleus (Vmes), prin- 
cipal trigeminal nucleus (Vp) and spinal trigeminal nu- 
cleus (Vs). From rostral to caudal, Vs is further 
subdivided into the subnucleus oralis (Vo), rostral (Vir) 
and caudal (Vic) subnucleus interpolaris (Vi) and subnu- 
cleus caudalis (Vc). 

A trigeminocerebellar projection is well documented 
to originate from Vp, Vo and Vi and, to a lesser extent, 
from Vc and to terminate mainly in the vermal lobule IX, 
the simple lobule, crus I and crus I1 of the ansiform lo- 
bule and the paramedian lobule (PML) in the cat, rat and 
mouse (Somana et al. 1980, Matsushita et al. 1982, 
Steindler 1985, Phelan and Falls 1991, Yatim et al. 
1996). Few data are available on the trigeminocerebellar 
projection to PML in the rabbit. With the anterograde 
and retrograde WGA-HRP technique the TSN-PML 

projection is shown to arise bilaterally from Vp, the cau- 
dal half of Vo and the rostral two-thirds of Vi (Van Ham 
and Yeo 1992). Recently in our laboratory we have sup- 
ported these findings and, in addition, revealed details of 
projections from TSN neurons to the various regions of 
PML with emphasis on the climbing fiber zones in the 
rabbit (Bukowska 1996). In the present paper we give 
evidence of collateral projections from single TSN neu- 
rons to the various regions of PML cortex of both sides 
by means of retrograde double labeling technique. Such 
connections have not been demonstrated in any species. 

METHODS 

Experiments were performed under aseptic condi- 
tions on 12 adult rabbits weighing 2.0-3.5 kg. Surgical 
procedures were carried out under general anesthesia 
with ketamine hydrochloride (Calypsol, 1 mglkg) and 
promazin (0.38 mgkg)  injected intramuscularly. After 
fixation of the head of the animal in a stereotaxic frame 
(Narishige), small craniectomies were made to expose 
selected PML sublobules of both sides. In each rabbit 
pressure injections of 4-5% Fast Blue (FB) and 2% Dia- 
midino Yellow (DY) were made into the cortex of left 
and right PML sublobules, respectively, using a glass 
micropipette (tip diameter 30-60 ym) connected to a 5 
pm Hamilton microsyringe for 10- 15 min. Following an 
8-15 day survival period, animals were deeply anesthet- 
ized and sacrificed by transcardiac perfusion with 0.9% 
NaCl mixed with heparin, followed by 4% formaldehyde 
in 0.4 M phosphate buffer (pH 7.4) and 10% sucrose in 
the same buffer. Brains were removed, placed in a 20% 
sucrose solution overnight and then cut in the sagittal 

Fig. 1. Schematic repre- 
sentation of the mediolat- 
era1 extent (length of 
bars) of FB (blank bars) 
and DY (black bars) in- 
jection sites of each case 
within the left (FB) and 
right (DY) PML sublo- 
bules a - f, and resulting 
number of double labeled 
neurons within TSN sub- 
divisions. L, left side: R, 
right side; 1, lateral side; 
m, medial side. 
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(cerebellum) and transverse (pons and medulla) planes 
on a freezing microtome (Reichert) at 40 pm thick. Serial 
sections were collected in phosphate buffer, mounted on 
chrom-alum gelatinized slides, coverslipped with Fluo- 
romount (Serva) and examined under an epifluorescence 
microscope (Jenalumar, Carl Zeiss Jena and Optiphot-2, 
Nikon) at 410 nm light excitation wavelength. In each 
case, injection sites in PML were determined and recon- 
structed on diagrams of dorsal view and sagittal sections 
of PML, as well as locations of labeled neurons in TSN, 
which were transferred to diagrams of transverse sec- 
tions of the pons and medulla. Criteria of defining bor- 
ders between the TSN subdivisions were taken from the 
cytoarchitectonic atlas of the rabbit brainstem (Meessen 
and Olszewski 1949). Labeling with FB andlor DY was 
recognized by blue fluorescence in the neuroplasm 
andlor yellow fluorescence in the nucleus (Kuypers et al. 
1980, Keizer et al. 1983). In each case, the numbers of 
both single and double labeled neurons were counted 
from all mounted serial sections. FB or DY single 
labeled neurons observed in all cases in the contralateral 
inferior olive served as a control for the effectiveness of 
uptake and retrograde transport of tracers (Zimny et al. 
1989). The research reported herein was performed 
under guidelines established by the Declaration of Hel- 
sinki concerning the appropriate Care and Use of Ani- 
mals in Research, and Polish Law on ~ n i m ' a l  Protection 
was respected. 

RESULTS 

Injection sites 

Figure 1 illustrates the mediolateral extent of FB and 
DY injection sites within the sublobules of both PML 
and resulting retrograde double labeling (FB+DY-labe- 
ling) of trigeminal neurons within TSN subdivisions. All 
injections were restricted rostrocaudally to between two 
and four adjacent homotopic (corresponding) or, rarely, 
heterotopic (non-corresponding) PML sublobules of 
both sides (Fig. 2). In most cases, the injection site, in- 
cluding the diffusion area, covered superficial regions of 
the sublobule and did not extend deeper than the granular 
layer of the cortex. In three cases (nos. 3 ,9  and 12) a little 
diffusion of tracers was seen in the white matter of the Fig, 2,  Diagrams of dorsal view of the cerebellum (upper) and 
apical part of the sublobule. However, this incident had sagittal sections through the left (L) and right (R) PML show- 
probably no influence on labeling pattern in TSN. Other ing the injection sites in the caudal (a, b), middle (c, d) and ros- 

cases where the tracers spread to deeper parts of sublo- tra] (e, f) sublobules in cases no. 1 (hatched area). no.4 (dotted 

bules were excluded from the present study. area) and no. 12 (black area), respectively. 
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TABLE I 

Number of TSN single and double labeled neurons as a result of FB and DY injection into PML sublobules of both sides 

VP Vo Vir Vic 
Injections sites single double single double single double single double 

rabbit no. i c total total % i c total total % i c total total % i c total total 5% 

c-f combination 

7 99 35 134 4 3.0 62 21 83 16 19.3 608 92 700 26 3.7 57 13 70 2 2.9 

8 114 38 152 3 2.0 69 26 95 9 9.5 462 64 526 10 1.9 78 15 93 4 4.3 

9 398 95 493 6 1.2 22 8 30 2 6.7 623 156 779 15 1.9 133 26 159 4 2.5 
10 166 24 190 1 0.5 30 14 44 4 9.1 312 59 371 9 2.4 64 10 74 0.0 

11 261 103 364 2 0.5 48 12 60 0.0 337 61 398 1 0.3 70 9 79 1 1.3 

total after 

all injections 2774 58 2.1 624 69 11.1 6082 130 2.1 1098 14 1.3 

In each rabbit the number of neurons was counted from all serial sections of TSN; i, ipsilateral: c, contralateral; blank, no 
labeling. 

Pattern of labeling 

Among numerous single labeled neurons in TSN, 
much smaller numbers of neurons were double labeled 
in bilateral Vp, Vo, Vir and Vic (Table I and Fig. 1). They 
were distributed in these TSN regions where single 
labeled neurons were present. No single and double labe- 
ling was observed in Vc or Vmes. 

Single labeled neurons were seen bilaterally with a 
clear ipsilateral preponderance. Considering all cases of 
injections, they appeared the most numerously in Vir 
(6082 cells). Their total number in Vp, Vic and Vo was 
lower (2774, 1098 and 624 cells, respectively). The 
number of single labeled neurons in Vir ranged from 256 
(injection into e + f sublobules) to 786 (injection into c 
+ d sublobules), in Vp from 13 1 (injection into c + d sub- 
lobules) to 493 (injection into c - f sublobules), in Vic 

from 56 (injection into c + d sublobules) to 159 (injection 
into c - f sublobules) and in Vo from 0 (injection into a 
+ b sublobules) to 127 (injection into c + d sublobules). 
It seems that more or less variations in the number of 
both single and double labeled neurons observed in the 
individual cases arise from differences in the mediolat- 
era1 and rostrocaudal extents of injections within indi- 
vidual PML sublobules. Since distribution of single 
labeled neurons after unilateral injection of FB, DY or 
HRP into PML was described previously (Bukowska 
1996), it was omitted here to avoid unnecessary repeti- 
tions. Thus, only FB+DY-labeled neurons were taken 
into account in the present study. 

With regard to all cases of injections the total number 
of double labeled neurons was the highest in Vir (130 
cells) and lower in Vo, Vp and Vic (69,58 and 14 cells, 
respectively). In Vp labeled neurons were found 



Fig. 3. Distribution of double labeled neurons in TSN as a re- 
sult of injections in the left (FB) and right (DY) PML (Fig. 2) 
showed on diagrams of transverse sections through the pons 
and medulla from rostra1 to caudal, in cases no.12 (asterisk), 
no.1 (circles) and no.4 (squares). The levels of sections corre- 
spond to those in Fig. 5. Each symbol represents one double 
labeled cell body. 
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throughout its entire length apart from the caudal- (level 
4) and rostral-most poles (Figs. 3 and 5). Most frequently 
they appeared in the central part (levels 2-3) occupying 
mainly medial locations (Fig. 4A). In some cases (nos. 
l , 2 , 7  and 12) labeled neurons occurred among the root 
fibers of the facial nerve immediately adjacent to Vp. 
Labeling in Vo was confined to its caudal half with the 

Fig. 4. Photomicrographs of FB+DY- labeled neurons (indi- 
cated by arrows) in the left (A) Vp between the levels 2 and 3 
in case no.1, and (B) Vo near the level 6 in case no.7. Note 
filled fluorescing cytoplasm (blue) and brightly fluorescing 
nucleus (yellow). Bar for A and B represents 40 pm. 
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exception that single FB+DY-labeled neurons were 
found in addition more rostrally (level 5) in cases nos. 3 
and 8. Within the caudal half of Vo, they were seen scat- 
tered throughout the nucleus at more rostral levels (be- 
tween levels 5 and 6) while they tended to be distributed 
in the dorsal and dorsomedial regions bordering to Vir 
at more caudal levels (from level 6) (Fig. 4B). In most 
cases labeled neurons in Vir were present throughout the 
entire rostrocaudal extent of the nucleus with preference 
to the dorsal and lateral locations. However, some cases 
resulted in no labeling in the rostral (nos. 1 and 12) and 
caudal (nos. 3 and 6) poles of Vir. As regards Vic, a weak 
labeling was found in its rostral aspect (level lo), mainly 
in the medial and lateral regions (Fig. 5). 

Of the total population of single labeled neurons in 
Vp, Vo, Vir and Vic, double labeled neurons in these nu- 
clei constituted 0.5 - 3.9% (average 2.1%; 1 - 10 Vp cells 
per rabbit), 0.0 -19.3% (average 11.1%; 0 - 22 Vo cells 
per rabbit), 0.3 - 3.7% (average 2.1%; 1 - 27 Vir cells per 
rabbit) and 0.0 - 4 . 3 7 ~  (average 1.3%; 0 - 4 Vic cells per 
rabbit), respectively. It is interesting that the highest per- 
centage of double labeled neurons out of TSN subdivi- 
sions was noted in Vo, where the total number of 
ipsilateral and contralateral labeling was the lowest. 

In spite of injections covering various PML sublo- 
bules, no clear-cut differentiation was found in localiz- 
ation of FB+DY-labeled neurons within TSN although 
certain correspondence in reference to the caudal (a and 

Fig. 5 .  Diagram of horizontal reconstruction of TSN illustrat- 
ing areas of origin (dots) within the trigeminal subdivision of 
collateral projection to PML of both sides as recognized in the 
present study. L, left side; R, right side. 

b), middle (c and d) and rostral (e and f) sublobules could 
be detected (Table I and Figs. 1 and 3). Thus, labeling in 
Vp and Vir was recognized as a result of injection into 
all three homotopic PML sublobules (cases nos. 1-6 and 
12) whereas labeling in Vo and Vic was identified only 
following injections into the homotopic middle sublo- 
bules (cases nos. 3-6). 

DISCUSSION 

The present report provides evidence of bilateral pro- 
jections from neurons of some TSN subdivisions to PML 
sublobules of both sides by way of axon collaterals. Until 
now, such connections have not been studied in any 
species. It has been found that the cells of origin of the 
TSN-PML branching projection and those of TSN-PML 
ipsilateral and contralateral projections occupy a com- 
mon area within TSN; however, the former ones are con- 
siderably fewer in number. The findings concerning 
distribution of PML projecting neurons in the ipsilateral 
and contralateral TSN subdivisions confirm those ob- 
tained previously (Bukowska 1996). The collateral pro- 
jections indicated herein take their origin from Vp, Vo, 
Vir and Vic (Fig. 5). No evidence has been found for pro- 
jections from Vc and Vmes. Divergent axons arise 
mainly from neurons in the medial region of Vp, the cau- 
dal half of Vo and the dorsal and lateral regions of Vir. 
Those from Vic are scarce and originate predominantly 
from neurons in the medial and lateral regions of its ros- 
tral part. Sporadic projections are derived, in addition, 
from neurons within the root fibers of the facial nerve ad- 
jacent to Vp. The data show that the total number of 
FB+DY-labeled neurons is 130 in Vir, 69 in Vo, 58 in 
Vp and 14 in Vic. However, with regard to the total popu- 
lation of ipsilateral and contralateral PML projecting 
neurons in TSN subdivisions, neurons sending their 
branched axons to PML of both sides form about 11% 
in Vo, about 2% in Vp and Vir, and about 1% in Vic 
(Table I). The results indicate that out of TSN neurons pro- 
jecting to both PML by way of axon collaterals, those in Vo 
project more frequently than those in Vp, Vir and Vic. 

It appears from the present data that all sublobules of 
both PML are recipients for the collateral projection, al- 
though contribution of the middle sublobules is most sig- 
nificant. The homotopic middle (c and d) sublobules 
seem to receive a projection which is derived from Vp, 
Vo, Vir and Vic. The homotopic caudal (a and b) and ros- 
tral (e and f) sublobules are preferred for similar projec- 
tions from Vp and Vir. The cells of origin of projection 
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to various sublobules of the left and right PML do not 
constitute adistinct population in a specific region within 
TSN but their distribution overlaps in a wide extent. 

Although the present findings are the first to demon- 
strate the existence of interhemispheric axonal branch- 
ing in trigeminocerebellar projection, in a more general 
context, they are not so surprising. That is, there is lit- 
erature available on a similar type of collateralization in 
the other main cerebellar mossy fiber system, i.e., the 
pontocerebellar system in the rat (Mihailoff 1983) and 
cat (Rosina and Provini 1984). In the rat (Mihailoff 
1983) combined Nuclear Yellow (NY) and FB bilateral 
injections in homotopic and heterotopic lobules of the 
cerebellar hemispheres, including PML, revealed the 
presence of double labeled neurons in the nucleus reticu- 
laris tegmenti pontis (NRTP) and pontine nuclei (PN). 
As regards PML, injections involving homotopic medial 
and lateral portions of the left and right PML resulted in 
a modest number of double labeled NRTP and PN neu- 
rons and no difference in their distribution pattern. In the 
cat (Rosina and Provini 1984) axonal collateral branch- 
ing of pontocerebellar fibers to both hemispheres (crus 
I and crus I1 of the ansiform lobule) were also reported, 
however, PML was not taken under study. 

In addition to receiving projections from TSN neu- 
rons, PML is influenced directly by other projections, 
e.g., secondary vestibular afferents (Grottel et al. 1991) 
and afferents from neurons within and outside the motor 
trigeminal nucleus, which are likely to be premotor neu- 
rons for orofacial motor nuclei (Bukowska and Grottel 
1997). Furthermore, PML is the target of optokinetic 
projections mediated through the nucleus reticularis teg- 
menti pontis (see Grottel et al. 1988, for Ref.) as well as 
direct projections from the nucleus prepositus hypoglos- 
si (Zimny and Grottel 1995) and nucleus "k", which are 
known to play a role in the control of ocular movements 
(Grottel et al. 1986). It is also evidenced that neurons in 
Vc, Vi, Vo and Vp receive periocular and corneal affer- 
ent inputs and thus they may be involved in the eyeblink 
reflex (Pellegrini et al. 1995, Van Ham and Yeo 1996a). 
In light of the above reports it is assumed that TSN neu- 
rons indicated in the present study that project to PML 
of both hemispheres by way of axon collaterals may be 
engaged in bilateral coordination of orofacial move- 
ments with simultaneous adjustment of eye and head po- 
sitionin response to tactile, thermoceptive or nociceptive 
stimulation of orofacial structures. 

TSN neurons have been in addition demonstrated to 
receive projections from the cerebral cortex (Tashiro 

1982) and brainstem nuclei such as parabrachial nucleus 
(Yoshida et al. 1997), red nucleus (Davis and Dostrovsky 
1986), locus coeruleus (Simpson et al. 1997) tegmental 
reticular area (Herbert et a1.1997), gigantocellular re- 
ticular nucleus, raphe magnus nucleus, periaqueductal 
gray (Beitz et al. 1983) and others. Since double labeled 
neurons in the present study occupied similar locations 
within TSN in comparison with neurons demonstrated to 
receive inputs from above functionally heterogenous re- 
gions, all these neurons could be considered as potential 
sources of bilateral modulating influences on various 
sublobules of both PML. It has been also shown that TSN 
contains neurons which issue collaterals to both the 
cochlear nucleus and inferior colliculi (Li and Mizuno 
1997c), cochlear nucleus and ventrobasal thalamus (Li 
and Mizuno 1997a) as well as ventrobasal thalamus and 
inferior colliculus (Li and Mizuno 1997b). It is not un- 
likely that some of the neurons indicated in the present 
study may project in addition to the above-described re- 
cipient brainstem centers by sending their branching 
axons. This suggestion could be tested in further electro- 
physiological and multiple labeling investigations. 

ACKNOWLEDGEMENT 

This study was supported by the State Committee for 
Scientific Research Grant. 

ABBREVIATIONS 

IV 
MV 
RG 
RP 
rVII 
S 0 

sv 
Vic 
Vir 
v o  

"P 
Vt 

- inferior vestibular nucleus 
- medial vestibular nucleus 
- gigantocellular reticular nucleus 
- pontine reticular nucleus 
- root of the facial nerve 
- nucleus of the solitary tract 
- superior vestibular nucleus 

caudal subnucleus interpolaris 
- rostra1 subnucleus interpolaris 
- subnucleus oralis 
- principal trigeminal nucleus 
- motor trigeminal nucleus 
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