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Contact righting, that is, turning from a recumbent position to prone, is abolished for a few days after
large electrolytic lesions of the lateral hypothalamus. With recovery, contact righting reappears, but does
0 in a distinct manner. At first the body is righted by backleg movements, in the absence of any active
axial rotation. Later, righting switches from back to front, so that righting begins in the shoulders and
then proceeds to the pelvis. Such righting is achieved by axial rotation, that is, the limbs are carried by
the torso, rather than vice versa. Labyrinthectomy, when combined with lateral hypothalamic (LH)
damage, slows this recovery (now taking as long as 3 weeks), and reveals many intermediate stages of
contact-righting. The absence of axial rotation in the early stages of recovery from combined LH damage
and labyrinthectomy is compared to the ‘axial apraxia’ seen in some parkinsonian patients.

In a recent series of reports, Lakke et al. [7-10] have shown that some parkinsonian
patients have difficulty initiating righting movements when recumbent. Such patients
cannot use axial rotation, but instead use the limbs to push or pull the body over
[7]. Lakke [7] argues that because axial rotation in these patients can occur under
appropriate sensory stimulation, or in times of great stress, this disability reflects
inability to *call up’ appropriate motor programs. He therefore calls this deficit *axial
apraxia’. Several animal models of Parkinson’s disease, in which the ascending
nigrostriatal dopaminergic system is disrupted, do not mimic this deficit [18, 19. 21].
Instead, when placed supine on the ground, dopamine-deficient animals right them-
selves normally, by cephalocaudal axial rotation [3, 16]. Because simple dopamine
deficiency is not sufficient to produce the deficit in righting, it is not surprising that
the deficit in axial rotation in patients is not ameliorated by L-DOPA therapy [8].
Therefore, although nigrostriatal dopamine depletion constitutes a major component
of Parkinson’s disease, [1, 5], additional degeneration of other non-dopaminergic
neural systems must be involved, especially in the later phases of the disease. In order
to investigate those additional systems it would be useful to provide an animal analo-
gue of parkinsonian axial apraxia.
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Fig. 1. A: when righting first reappears in the LH-damaged rat, it is caudorostral, not rostrocaudal. The
backlegs are used to flip the pelvis to prone. The hindleg on the side that is in contact with the ground
flexes and is placed beneath the pelvis. After the sole of the foot contacts the ground, the leg is extended,
pushing the pelvis passively to prone, which in turn twists the anterior body to prone. In this form of
righting the body is turned to prone without active axial rotation in either the pelvis or the shoulder girdle.
B: when fully recovered, the rat rights normally; that is, by first rotating the shoulders to prone, and then
rotating the posterior of the body to prone. Note that the body is righted by active axial rotation of both
the shoulder girdle and pelvis, the legs merely being carried along. The drawings were traced from a 16-mm
movie film exposed at 24 and 32 frames/s, respectively.

In the present paper, a total of 16 animals with electrolytic lesions in the region
of the lateral hypothalamus (LH) were used. They sustained damage not only to the
ascending dopaminergic systems (e.g. refs. 12, 14, 19), but to other systems as well.
The lesions, at their maximum extent, typically extended medially to include the for-
nix, the lateral border of the ventromedial nucleus, and some of the dorsomedial nu-
cleus; laterally they involved the medial margin of the internal capsule, often
encroaching upon the zona incerta dorsally and towards the dorsal border of the op-
tic tract. Usually the damage extended as far anteriorly as the supraoptic nucleus
nucleus and as far posteriorly as the mammillary peduncle and the substantia nigra.
Further histological details for the rats discussed here will be presented elsewhere
[17], and other details regarding location and method have been previously published
[2, 15]. In the first 3—4 days after large LH lesions, when placed supine or on their
side on the ground rats do not right themselves normally by cephalocaudal axial
rotation. Instead, they right themselves by using the hindlegs to push the hind-
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quarters over, followed by the forequarters (Fig. 1A). When dropped supine in the
air, however, such rats right normally, by cephalocaudal rotation. In other words,
the activation provided by falling induces normal righting. Therefore, their loss of
axial rotation during righting on the ground appears to be analogous to the axial
apraxia observed in some parkinsonian patients [7]. Gradually axial rotation reap-
pears, first in the pelvis, and then later the rat once again rights by cephalocaudal
rotation, commencing in the shoulders (Fig. 1B). This deficit in axial rotation, in the
early stages of recovery, was found in all of the 8 LH-damaged rats, but not in the
2 sham-operated animals.

Some patients with advanced parkinsonism appear to have central vestibular defi-
cits [13]. They show reduction or absence of compensatory movements when sitting
or kneeling on a tilting platform [13]. We therefore either chemically [4, 6] or surgi-
cally [2] damaged the labyrinths in 8 LH-damaged rats [2, 15] to see whether this
might exaggerate the defects in contact-righting (two rats were first subjected to LH
damage and then 2 days later were labyrinthectomized, while the remaining 6 were
first labyrinthectomized and then about 5 days later the LH was bilaterally
damaged). Whether labyrinthectomy was performed before or after LH damage,
recovery of normal contact-righting was greatly slowed down: instead of a mean of
3.5 days (range = 2-9), recovery required a mean of 11.8 days (range=5-21) (signifi-
cant at P<0.001 level based on the Mann-Whitney U-test). (Labyrinthectomy with-
out LH damage did not disrupt axial rotation.) The slow recovery in the labyrinthec-
tomized [LH-damaged rats revealed several intermediate subcomponent forms of
righting involved in the reinstatement of axial rotation. For example, when axial
rotation first reappeared in the shoulders, it did so only after the foreleg on the side
in contact with the ground made a placing reaction, so that the palm of the paw con-
tacted the ground, apparently triggering the axial rotation. With further recovery,
shoulder rotation occurred independently of such forepaw placing, and thus
appeared the same as that of intact rats (e.g. as shown in Fig. 1B). These intermediate
subcomponents of righting will be described in more detail elsewhere [17]. Further-
more, because contact-righting recovers quickly after LH-damage with labyrinths in-
tact, but with labyrinthectomy such recovery is greatly delayed, it is clear that LH
damage produces major deficits in the proprioceptive/tactile control over righting,
which are compensated for early in recovery by the vestibular system. Vestibular acti-
vation integrates the cephalocaudal gradient of axial rotation in righting on the
ground, thus overcoming the deficit in its proprioceptive-tactile activation. These
data support the view that the basal ganglia are involved in sensorimotor integration,
particularly of somatosensory and vestibular inputs (for review see ref. 11). Finally,
our observations indicate that the LH-damaged animal when subjected in addition
to labyrinthectomy may mimic some of the later stages of advanced Parkinson’s dis-
ease*. In particular the labyrinthectomized LH-damaged rat may provide a useful
animal analogue for the exploration of the mechanisms underlying parkinsonian
axial apraxia.

*Strictly speaking, this animal model, like all others now available, does not mimic the progessive deterio-
ration of Parkinson’s disease. Indeed, after damage, recovery occurs. We assume that a sequence opposite

to that seen in recovery would be mimicked by progressive deterioration, but ideally this should be tested
directly.



220

We thank Gerri Lennon for typing the manuscript. The work was supported by

National Institutes of Health Grant ROl NS11671, a University of Illinois Research
Board Award to P.T., and a University of Florida Division of Sponsored Research
Award to P.T. and S.P.

1

wn

e RN |

=)

17

20

21

Bernheimer, H., Birkmayer, W., Hornykiewicz, O., Jellinger, K. and Seitelberger, F., Brain dopamine
and the syndromes of Parkinson and Huntington: clinical, morphological and neurochemical correla-
tions, J. Neurol. Sci., 20 (1973) 415--455.

Chen, Y .-c., Pellis, S.M., Sirkin, D.W., Potegal, M. and Teitelbaum, P., Bandage-backfall: labyrinthine
and non-labyrinthine components, Physiol. Behav., 37 (1986) 805--814.

DeRyck, M., Schallert, T. and Teitelbaum, P., Morphine versus haloperidol catalepsy in the rat: a be-
havioral analysis of postural mechanisms, Brain Res., 201 (1980) 143-172.

Horn, K.M., DeWitt, J.R. and Neilson, H.C., Behavioral assessment of sodium arsanilate induced ves-
tibular dysfunction in rats, Physiol. Psychol., 9 (1981) 371-378.

Hornykiewicz, O., Parkinson’s disease: from brain homogenate to treatment, Fed. Proc. Fed. Am. Soc.
Exp. Biol., 32 (1973) 182-190.

Hunt, M.A., Miller, S.W. and Neilson, H.C., Intratympanic injection of sodium arsanilate (atoxyl)
solution results in postural changes consistent with changes described for labyrinthectomized rats,
Behav. Neurosci., 101 (1987) 427--428.

Lakke, J.P.W.F., Axial apraxia in Parkinson’s disease, J. Neurol. Sci., 69 (1985) 37-46.

Lakke, J.P.W.F. and van den Burg, W_, Observations on voluntarily induced automatic motor behav-
ior in parkinsonism. In F. Gerstenbrand, W. Poewe and G. Stern (Eds.), Clinical Experiences with
Budipine in Parkinson Therapy, Springer, Berlin (1985) pp. 44-51.

Lakke, J.P.W.F., Burg, W. v.d. and Wiegman, J., Abnormalities in postural reflexes and voluntarily
induced automatic movements in Parkinson patients, Clin. Neurol. Neurosurg., 84 (1982) 227-235.
Lakke, J.P.W.F., Delong. P.J., Koppejan, E.H. and Van Weerden, T.W., Observations on postural
behavior - axial rotation in recumbent position in Parkinson patients after L.-dopa treatment. In U.K.
Rinne, M. Klinger and G. Stamm (Eds.), Parkinson’s Disease - Current Progress, Problems and
Management, Elsevier, Amsterdam, 1980, pp. 187--196.

Lidsky, T.I., Manetto, C. and Schneider, J.S., Consideration of sensory factors involved in motor func-
tions of the basal ganglia, Brain Res. Rev., 9 (1985) 133--146.

Marshall, J.F., Richardson, J.S. and Teitelbaum, P., Nigrostriatal bundle damage and lateral hypotha-
lamic syndrome, J. Comp. Physiol. Psychol., 87 (1974) 808--830.

Martin, J.P., The Basal Ganglia and Posture, Pitman, London, 1967.

Oltmans, G.A. and Harvey, J.A., Lateral hypothalamic syndrome and brain catecholamine levels after
lesions of the nigrostriatal bundle, Physiol. Behav., 8 (1972) 69-78.

Pellis, S.M., Chen, Y.-c., Chesire, R.M. and Teitelbaum, P., Head displacement and bracing in halo-
peridol-treated rats compared to rats with lateral hypothalamic damage, Physiol. Behav., 35 (1985)
799-804.

Pellis, S.M., De La Cruz, F., Pellis, V.C. and Teitelbaum, P., Morphine subtracts subcomponents of
haloperidol-isolated postural support reflexes to reveal gradients of their integration, Behav. Neurosci..
100 (1986) 631--646.

Pellis, S.M., Pellis, V.C., Chen, Y.-c., Barzci, S. and Teitelbaum, P., Somesthetic reintegration of sub-
components of contact righting during recovery from lateral hypothalamic damage in labyrinthecto-
mized rats, in preparation.

Schultz, W., Depletion of dopamine in the striatum as an experimental model of parkinsonism: direct
effects and adaptive mechanisms, Prog. Neurobiol., 18 (1982) 121-166.

Ungerstedt, U.. Stereotaxic mapping of the monoamine pathways in the rat brain, Acta physiol.
Scand., Suppl. 367 (1971) 1--48.

Ungerstedt, U.. Avemo, A., Ljungberg, T. and Ranje, C., Animal models of Parkinsonism. In D.B.
Calne (Ed.) Advances in Neurology, Vol. 3. Progress in the Treatment of Parkinsonism, Raven, New
York, 1973, pp. 257-271.

Zigmond, M.J. and Stricker, E.M., I. Parkinson’s disease: studies with an animal model, Life Sci., 35
(1984) 5-18.



