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Figure 2

Graybiel (2000)

(a)

Neocortex Release

Glu||@

f r': Striatum D1

Dopamine

Neocortex

Striatum

The brake-accelerator model for basal ganglia
motor disorders. (a) The direct pathway
(leading to release of movement) consists of
two successive GABAergic connections, from
the striatum to the internal pallidum and from
the internal pallidum to the thalamus. This flow
diagram suggests that excitatory (glutamate;
Glu) inputs from the neocortex to the striatum
would disinhibit thalamic neurons. Dopamine

modulates the system mainly in the striatum,
where it activates D1-class and D2-class
dopamine receptors. (b) In the indirect
pathway (leading to inhibition of movement),
there is an extra step after the external
pallidum, so that the subthalamic nucleus
excites the internal pallidum. (c) Balance is
achieved when these antagonistic systems are
combined under normal circumstances.




Normal Parkinsonism
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Figure 1. Normal anatomy of the basal ganglia and changes in the basal ganglia-thalamocortical circuitry in
parkinsonism. Putamen and STN receive cortical input, which, via the basal ganglia output nuclei GPi and SN,
is transferred to thalamus and cortex. In parkinsonism, the dopaminergic SNc degenerates, resulting in increased
activity along the ‘indirect’ pathways, and reduced activity along the ‘direct’ pathway, leading to increased basal
ganglia output. RS: reticulospinal system. For other abbreviations see text.



Normal Dystonia
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Figure 3. The pathophysiology of dystoniais less well understood than that of other movement disorders. It is
thought that dystonia results form concomitant overactivity along both, the ‘direct’ and ‘indirect’ pathways. For
abbreviations see Figure 1.
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TONICALLY ACTIVE NEURONS

FIG. 1.4. How desired movements are
focused through the basal ganglia. A single
cortical area projects to several striatal
areas whose outputs recombine in the
globus pallidus. Tonically active neurons
are involved in learning and probably pass
information between related striatal areas.
The indirect pathway operating via the LGP
and STN produces a wide area of excitation
in the MGP, and the direct pathway pro-
duces a narrow area of strong inhibition in
this excited region. This pattern is reversed
in the thalamus, resulting in a narrow area
of disinhibition to support desired move-
ments with a surrounding inhibition of
competing movements. LGP, lateral globus
pallidus; MGP, medial globus pallidus; STN,
subthalamic nucleus.
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Figure 45.4 Axial FSE 2200/34 MR scans obtained 2 days after
a left-sided VLp thalamotomy. Right-sided tremor at rest and inten-
tion tremor were completely abolished in this 68-year-old woman
with Parkinson’s disease and essential tremor.
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(A) Radial glia in embryonic mice and chicks
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(B) Regulatory gene expression in mice and chicks
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(A) Amphibians (B) Reptiles (C) Mammals

Figure 8.12 The Position of the Forebrain’s Basal Ganglia in Tetrapods The stria-
tum (Str.) and nucleus accumbens (Ac; also called the ventral striatum) occupy topologi-
cally equivalent positions in the telencephalon of (A) amphibians, (B) reptiles, and (C)
mammals. The nucleus accumbens is generally located in the medial subpallium, just
ventral to the septum (Sep.). The striatum, in contrast, generally lies lateral to the nucle-
us accumbens and occupies most of the ventrolateral subpallium. Other abbreviations:
DCx = dorsal cortex; DM = dorsomedial cortex; DP = dorsal pallium; DVR = dorsal ven-
tricular ridge; H = hippocampus; LP = lateral pallium; MC = medial cortex; MP = medi-
al pallium; Neo. = neocortex; OC = olfactory cortex. (After Reiner et al., 1998; Marin et
al., 1998.)
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Figure 8.13 Connectivity of the Basal Ganglia in
Tetrapods In this schematic diagram, connection
strengths are represented by line width and arrowhead
size, with thin, dashed arrows indicating the weakest con-
nections. Based on these ‘connection strengths, it is possible
to estimate the predominant lines of information flow
through the basal ganglia (red arrows). Such an analysis
suggests that the striatum’s major input comes (A) from the
dorsal thalamus in amphibians, (B) from the DVR in rep-
tiles and birds, or (C) from the neocortex in mammals. The
striatal outflow also differs between taxonomic groups,
being directed mainly toward the tectum in reptiles and
amphibians, and toward the dorsal thalamus in mammals.
Omitted from this figure are the dopaminergic inputs to the
striatum, which are highly conserved across the vertebrates
(see Chapter 3). Abbreviations: DC = dorsal cortex; DP =
dorsal pallium; LAM = lateral amygdala; DTs = sensory
dorsal thalamus; SNret = Substantia nigra, pars reticularis;
Neo = Neocortex; Pretec = Pretectum; DVR = Dorsal ventric-
ular ridge.



DORSAL
ACC. OLIVE

PRINCIPAL
OLIVE

Mllﬂ-{...............\»t\ \.\W

- E .‘\

P

MEDIAL
ACC.OLIVE

caudal






FIG. 2.5. Pathways involved in the supraspinal con-
trol of posture and movement. GPe and GPi, globus
pallidus externa and interna; DTF and VTF, dorsal
and ventral tegmental fields; PPN/MEA, pedunculo-
pontine nucleus/midbrain extrapyramidal area; Ret.
N., reticular nuclei; VN, lateral vestibular nucleus;
SNr and SNc, substantia nigra pars reticulata and
compacta; STN, subthalamus; VL, ventrolateral thala-
mus.



Motor Cortex

Premotor Cortex

©

Pallidal Cerebellar
Figure 1. Diagram showing a sagittal section of the human thalamus at 14.5mm lateral to the midline. A
typical electrode track is shown superimposed on the section (I mm scale). Also shown are the presumed
cerebellar- and pallidal-receiving areas of thalamus (Hirai and Jones, 1989; Macchi and Jones, 1997).
Abbreviations: AC = anterior commissure; Dc = dorsal caudal nucleus; Dim.e = dorsal intermediate external
nucleus; Dim.i = dorsal intermediate internal nucleus; Do = dorsal oral nucleus; MG = medial geniculate
nucleus; PC = posterior commissure; Pu = pulvinar (m = medial; ol = oral lateral; ov = oral ventral) nucleus;
Ret = reticular nucleus; V¢ = ventral caudal nucleus; Vc.por = ventral caudal portae nucleus; Vim = ventral
intermediate nucleus; Voa = ventral oral anterior nucleus; Vop = ventral oral posterior nucleus.
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Kimura et al. (2005)
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Cerebral Frontal
Cortex Cortex

Excitatory
=i
Inhibitory Brainstem and
S .
Exc / Inhib Spinal Cord

Figure 1.1 Simplified schematic diagram of basal ganglia-
thalamocortical circuitry. Excitatory connections are indicated by
open arrows, inhibitory connections by filled arrows. The modula-
tory dopamine projection is indicated by a three-headed arrow.
dyn, dynorphin; enk, enkephalin; GABA, gamma-aminobutyric
acid; glu, glutamate; GPe, globus pallidus pars externa; GPi,
globus pallidus pars interna; IL, intralaminar thalamic nuclei; MD,
mediodorsal nucleus; PPA, pedunculopontine area; SC, superior
colliculus; SNpc, substantia nigra pars compacta; SNpr, substantia
nigra pars reticulata; SP substance P; STN, subthalamic nucleus;
VA, ventral anterior nucleus; VL, ventral lateral nucleus.
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