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Abstract of Thesis
Introduction

Proprioceptive sensation from the body is conveyed to the rostrodorsal shell or rostral
(oral) region (or VPLO0) of the ventral posterolateral thalamic nucleus (VPL). However, little
is known about the thalamic relay of proprioceptive inputs from the orofacial area. Thus, the
major aim of this study is to obtain detailed information on the thalamic relay of orofacial
proprioceptive information. Fujio et al. (2016) have revealed that the proprioception arising
form the jaw-closing muscle spindles (JCMSs) is conveyed by neurons in the the trigeminal
mescencephalic nucleus to the supratrigeminal nucleus (Su5), and the Su5 receives only the
JCMS proprioception among the orofacial sensations. In the present study, therefore, to
identify the thalamic “orofacial proprioception-center” receiving JCMS inputs, we examined
the thalamic projections from the Su5 by using neuronal tract tracing and electrophysiological
recording methods in rats.

Earlier electrophysiological studies demonstrated that cutaneous and proprioceptive
sensations from the body are separately encoded in different regions of VPL. Thus, the
present study was designed to examine whether the JCMS proprioceptive sensation mediated
via the Su5 neurons and the other orofacial sensations mediated via the neurons in the
trigeminal sensory nuclear complex are encoded convergently or separately in the ventral
posteromedial thalamic nucleus (VPM), by comparing thalamic projections of these distinct
trigeminal neurons.

Materials and methods

Thirty male Wistar rats were used. All experimental procedures were approved by the
Osaka University Graduate School of Dentistry Intramural Animal Care and Use Committee.
The rats were anesthetized with sodium pentobarbital. In Experiment 1, after the Su5 was
identified by recording large field potentials evoked by electrical stimulation of the masseter
nerve or by passive, sustained jaw-opening movements, an anterograde tracer, biotinylated
dextranamine (BDA), was injected into the Su5. In Experiment 2, electrophysiological
mapping was done to find the VPM regions and its surrounding thalamus, which include
neurons responsive to electrical stimulation of the masseter or lingual nerve. Soon after the
mapping, horseradish peroxidase (HRP) was injected into the recording sites. In Experiment
3, a retrograde tracer, wheat-germ agglutinin conjugated horseradish peroxidase (WGA-HRP)
or Fluorogold (FG), was injected into the VPM where the largest field potentials were
recorded after the electrical stimulation of the masseter nerve and during passive, sustained
jaw-opening movements. In Experiment 4, WGA-HRP or FG was injected into the core
VVPM where the largest field potentials were recorded after electrical stimulation of the lingual
nerve. After a post injection survival, the animals were re-anesthetized deeply and perfused




with a fixative. The entire brain was removed and cut coronally at 60-pm thickness on a
freezing microtome. To detect the labeling of BDA, HRP, WGA-HRP, and FG, the sections
were reacted using ABC and DAB methods, or DAB method, TMB method, and anti-FG
antibody and ABC and DAB methods, respectively.

Results

In Experiment 1, after BDA injection in the electrophysiologically identified Su5, many
anterogradely BDA-labeled axon fibers and terminals were observed mainly in the
caudo-ventromedial edge of the VPM (termed VPMcvm) bilaterally with a contralateral
predominance to the BDA injection site. No terminals were observed in the core VPM.

In Experiment 2, in the VPMcvm, the largest negative field potentials with 4.0 msec
latency were evoked by stimulation of the masseter nerve, and multi-unit discharges were
induced during passive, sustained jaw-opening. However, no responses were evoked by
stimulation of the lingual nerve. On the other hand, in the core of VPM rostrally adjacent to
the VPMcvm, large negative potentials with 4.2 msec latency were evoked by stimulation of
the lingual nerve, whereas no responses were evoked by stimulation of the masseter nerve.

In Experiment 3, after WGA-HRP or FG was injected in the electrophysiologically
identified VPMcvm, many labeled neurons were contralaterally found in the Su5, especially
in its caudal part, and in the dorsomedial edge of the principal sensory trigeminal nucleus
(Pr5) laterally adjacent to the Su5. However, no neurons were labeled in the parabrachial
nucleus, the Pr5 (except for its dorsomedial edge), and the spinal trigeminal nucleus (Sp5).

In Experiment 4, after WGA-HRP or FG was injected in the core VPM where large
responses were evoked by stimulation of the lingual nerve, many retrogradely labeled neurons
were contralaterally seen in the dorsomedial part of Pr5 (except for its dorsomedial edge) and
dorsomedial part of Sp5. However, no neurons were labeled in the Su5 and the dorsomedial
edge of Prb5.

Conclusion

The present study has for the first time revealed the detailed thalamic relay of JCMS
proprioceptive inputs; the relay site was confined to a small region in the VPM (i.e.,
VPMcvm) which had not been predicted in previous studies. The present study also
indicated that there exist two completely distinct trigeminothalamic pathways: the Su5 (and
the dorsomedial edge of Pr5)-VPMcvm pathway conveying JCMS proprioception, and the
core Pr5 and Sp5-core VPM pathway conveying orofacial sensations except for the JCMS
proprioception. Therefore, the present study provides an important contribution to our
understanding of the organization of ascending sensory proprioceptive pathways.




kA7
MXEEOREOEF L OHYH

K g2 ( Md Sams Sazzad Ali )

(i) K %
¥ & i R
AOCEAEYE | Al & i o B e
Al A& HEHd= 2H
] =5 Akl SRS
MXBEORREDER

AW LY . T v MTERWT, PR FGEEIC A3 5 B R (P 1A A SRR )
I, AR B (Sub) 2D, ZAVE THE X DAL T & TR IE ML O W5 (shel 1
fEf) Tikle <. EICHURBNMIREMIEZ O RIEAMIE (VPMevm) (& SHABENT L2 #i5
D ENHBMMIR -T2, £2. 20 Sub-VPMevm ¥ % B OAHIEERE Mo s b 2
&R STz, VPMevm (134D DIPEBR VR DB S D = AR R AR h O B4t
TZ T PR A AR & fth o> P ZEB R OBURE G IE, WAT L TV D23, B
BETHDHZLBPLNIR oI, B b THIRROEEEROICEEENTFET DB
bbb,

VIE X 0 ARG, BN B 5T 2 B A TG OIS =S 2 AT 5 L CE

BRMREHEZD6DTHY, ML (%) OFRMUERGTHMETLIbDLRBD L,




