rights inoculated with media alone did
not wilt, and no bacteria were isolated
from any of them. In a separate test, sug-
arcane isolates from Louisiana, Brazil,
South Africa, and Japan incited wilting
of uprights, but Bermuda grass isolates
again did not. »
Although no serological relation has
been found between the RSD bacterium
and numerous other species of bacteria
(13), including Corynebacterium tritici,
C. rathayi, C. flaccumfaciens, C. mich-
iganense', C. nebraskense, C. fascians,
and C. insidiosum, the sugarcane and
Bermuda grass strains morphologically
appear to be members of the group of co-
ryneform bacteria pathogenic to plants.
All the sugarcane and Bermuda grass
isolates were aerobic, nonmotile, Gram-
positive, non-acid-fast, catalase-positive,
and oxidase-negative. Apparently the
two strains are closely related species or
are different pathovars of the same spe-
cies of a xylem-inhabiting pathogen. Cul-
tivation of the RSD causal agent in vitro
will greatly enhance efforts to study and
control the disease.
MIicHAEL J. DAvis
Department of Plant Pathology,
Cook College, New Jersey Agricultural
Experiment Station, Rutgers
University, New Brunswick 08903
A. GRAVES GILLASPIE, JR.
RUSSELL W. HARRIS
RoGER H. LAwsoN
U.S. Department of Agriculture,
Beltsville, Maryland 20705
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Functional Development of Grafted Vasopressin Neurons

Abstract. Vasopressin neurons, transplanted from normal rat fetuses into the third
ventricle of adult Brattleboro rats, alleviate the polydipsia and polyuria of the hosts.
Determination of the antidiuretic activity of grafted neurons in hosts with congenital
diabetes insipidus provides a convenient model for analyzing the development,
plasticity, and function of transplanted central nervous system neurons in mammals.

A major problem in neurobiology con-
cerns delineating the neuroplasticity of
the central nervous system (CNS). A
useful technique for investigating this
has been the transplantation of neural

Fig. 1. Effects of sur-
gery and transplanta-
tion in the control and
experimental rats. (A)
The average daily con-
sumption of water
by the sham-operated
rats (A, N = 11) and
the control tissue-im-
planted rats (A, N =
18) is indicated by the
solid line. The average
osmolality of the urine
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tissue (/). Although neural transplants
often demonstrate the morphological and
physiological properties of normal tissue
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and meaningful input to the host is un-
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clear. To address this issue, we devel-
oped a model system for analyzing both
the development and the degree of func-
tion of neural grafts. Our method in-
volves transplanting vasopressin neu-
rons from the hypothalamic neurosecre-
tory system of normal donors into
Brattleboro rats, which congenitally lack
vasopressin-producing neurons (3).
Amelioration of the symptoms of diabe-
tes insipidus in the host is then evaluated
as a correlate of the function of the trans-
plant. Due to the lack of vasopressin,
Brattleboro rats exhibit pronounced
polydipsia and polyuria @). A dose-de-
pendent decrease in water consumption
and a concomitant increase in urine os-
molality occur when vasopressin is ad-
ministered to these animals.

It was recently shown that the fetal hy-
pothalamus can survive transplantation
(S, 6). The present study was conducted
to ascertain the antidiuretic influence of
transplanted fetal hypothalamic tissue
and to quantify the vasopressin content
in the grafts. Adult female Brattleboro
rats, homozygous for the diabetes insip-
idus trait, were divided into three test
groups: sham-operated control rats
(N = 11), control tissue-implanted rats
(N = 18), and anterior hypothalamus-
implanted rats (N = 40). Using proce-
dures described elsewhere (5), we dis-
sected the anterior hypothalamus from
the brains of 17- and 19-day-old Wistar-
Lewis rat fetuses. For a tissue control, a
block of tissue of the same size was
taken from the occipital cortex of the fe-
tuses. The tissue was stereotaxically
grafted into the third ventricle of hosts
anesthetized with Brevital Sodium (40
mg per kilogram of body weight). Identi-
cal surgical procedures were followed
with the sham-operated animals, which
received no tissue, but rather an injection
of physiological saline. All test animals
were monitored in metabolism cages for
10 days before surgery and 20 days after-
ward. The daily water consumption of
each animal was measured, and urine
volume and osmolality were determined
for 8 of the sham-operated controls, 10 of
the control tissue-implanted rats, and 32
of the rats with hypothalamic trans-
plants. Between 20 and 22 days after sur-
gery the host animals were decapitated
and the region of the diencephalon con-
taining the transplant was dissected out
and homogenized for vasopressin radio-
immunoassay (7) or processed for light
microscopic immunocytochemistry (8).

Sham-operated rats and occipital cor-
tex recipients showed about the same re-
sponse to transplantation (Fig. 1A). In
both control groups there was a signifi-
cant decrease (P < .01, paired t-test) in
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water consumption and a significant in-
crease (P < .01) in urine osmolality dur-
ing the 20-day period after surgery; the
differences between the control groups
in water consumption and urine os-
molality were not significant. It is pos-
sible that these changes were due to
damage caused by the implantation tech-
niques to the periventricular area of the
hypothalamus, an area that is important
in drinking behavior (9).

Based on the responses of the control
groups, criteria were established for
evaluating host responsiveness to trans-
plantation of vasopressin neurons. A sig-
nificant response was considered to con-
sist of (i) daily water consumption falling
below and remaining below 0.5 ml per
gram of body weight for the 20-day peri-
od after transplantation and (ii) urine os-
molality increasing above and remaining
above 500 milliosmoles per liter for the
20-day period. None of the control ani-
mals met either of these criteria, while 9
of the 40 experimental rats met criterion
(i). Five of the nine also met criterion (ii);
two did not (urine osmolality data were

A
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Fig. 2. (A) Coronal section of 17-day-old fetal
hypothalamic tissue after immunocytochem-
ical staining for neurophysin. The transplant
is located in the distended third ventricle (V)
of the host’s diencephalon, attached to the
ventricular surface of the median eminence.

- Neurophysin-containing perikarya (arrows)

are seen at the interface between the median
eminence and the transplant. (B and C) Higher
magnification views of these neurons (arrows).
Neurophysin-positive axonal processes were
common features in the transplants and could
often be traced to the vicinity of blood vessels.
Magnifications: (A) %60, (B) X200, and (C)
X260.

not available for the remaining two). The
response pattern was similar in the five
animals that met both criteria (Fig. 1, B
and C). Water consumption decreased
markedly on the first day after implanta-
tion and remained depressed for the du-
ration of the experiment. The converse
was true for urine osmolality, which was
above 800 milliosmoles per liter in the
first 2 days and remained elevated
throughout the experiment.

The number of animals responding to
both criteria was small, making statisti-
cal analysis difficult. Thus the issues to
be determined were whether the re-
sponses in the animals with hypothalam-
ic transplants could be best explained by
the action of vasopressin and whether
vasopressin was present in the trans-
planted tissue.

Since the urine of Brattleboro rats be-
comes more concentrated when they are
deprived of water (10), it was appropri-
ate to consider whether the changes in
urine osmolality observed after trans-
plantation reflect an action of vasopres-
sin or a response to decreased water in-
take secondary to hypothalamic damage
during transplantation. Brattleboro rats
dehydrated for 24 hours achieve a urine
osmolality of 696 milliosmoles per liter;
however, these rats are severely dehy-
drated, as evidenced by a 20 percent re-
duction in body weight (10). Such dra-
matic alterations were not observed in
the hypothalamic transplant recipients.
Thus, the response observed in these an-
imals suggests a functional action of
vasopressin. The rapid and sustained re-
sponse to transplantation indicates that
the graft becomes functional in 3 to 4
days.

Vasopressin was identified in the ante-
rior hypothalamus grafts by both immu-
nocytochemistry and radioimmunoas-
say. Magnocellular neurons staining for
neurophysin or vasopressin were identi-
fied in five of the nine transplants pro-
cessed for light microscopic histology
and immunocytochemistry (Fig. 2). Ra-
dioimmunoassayable vasopressin con-
centrations of 40 to 300 pg were mea-
sured in 9 of 31 grafts. The observation
that some vasopressin-containing trans-
plants did not promote antidiuretic
changes in the host suggests that survival
of the graft is, by itself, not sufficient to
guarantee function. The connections that
the transplanted vasopressin neurons
make in the host brain, whether with
blood vessels or other neurons, may be
crucial in determining the antidiuretic ac-
tivity of the graft. It is important to de-
termine whether there are consistent
morphological differences between func-
tional and nonfunctional grafts.
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The regenerative capacity of damaged
adult CNS neurons is limited (/7). Al-
though regenerative sprouting of severed
axons has been observed by many inves-
tigators, the formation of appropriate
and functional synaptic connections has
not been demonstrated and may be rare.
The formation of dense connective tissue
and neuroglial scars after CNS damage
has been regarded as a significant barrier
to neural regeneration (/2). On the other
hand, there is evidence that lesioned
neonatal CNS neurons can regenerate
in a functionally useful way (/3). In an
earlier study (5), we found that axons
from transplanted vasopressin neurons
coursed from the graft into the median
eminence of the host. In normal animals,
vasopressin is released into the circula-
tion by axons terminating at capillaries in
the median eminence and neural lobe
(I4). The presence of vasopressin in the
hypothalamic grafts and the increased

ability of some of the host animals to.

conserve water suggest that the axons of
the grafted fetal neurons made appropri-
ate and functional connections. Glial
scarring in the host brain, resulting from
our stereotaxic transplantation proce-
dures, did not prevent functional devel-
opment.

This study demonstrated that symp-
toms resulting from a congenital defect
in the CNS of an adult mammal can be
ameliorated by transplanted neurons.
Additional evidence that brain grafts
may function in the adult host was re-
cently provided by Perlow et al. (I5).
Transplants of fetal dopamine neurons
were found to reduce motor abnormal-
ities resulting from lesions of the sub-
stantia nigra. The development of the
ability to transplant neurons to correct
CNS deficiencies, whether due to ge-
netic defects, disease, or trauma, has ex-
traordinary theoretical and clinical impli-
cations.

DoN GAsH
JoHN R. SLADEK, JR.
Department of Anatomy and Center for
Brain Research, University of
Rochester School of Medicine and
Dentistry, Rochester, New York 14642
CELIA D. SLADEK
Departments of Anatomy and
Neurology, University of Rochester
School of Medicine and Dentistry

References and Notes

1. U. Stenevi, A. Bjorklund, N. A. Svengaard,
Brain Res. 114, 1 (1976); A. Seiger and L.
Olson, Cell Tissue Res. 179, 285 (1977); R.
D. Lund and S. D. Hauschka, Science 193,
582 (1976); C. B. Jaeger and R. D. Lund, Brain
Res. 165, 338 (1979); B. K. Beebe, K. Moll-
gdrd, A. Bjorklund, U. Stenevi, ibid. 167, 391
(1979).

2. A. Bjorklund, M. Segal, U. Stenevi, Brain Res.
170, 409 (1979).

3. H. Sokol, E. A. Zimmerman, W. Sawyer, A.

SCIENCE, VOL. 210, 19 DECEMBER 1980

G. Robinson, Endocrinology 98, 1176 (1976).

4. H. Valtin, Am. J. Med. 42, 314 (1967).

5. D. Gash and J. R. Sladek, Jr., Peptides 1, 11
(1980).

6. U. Stenevi, A. Bjorklund, L. F. Kromer, C. M.
Paden, J. L. Gerlach, B. S. McEwen, A. J. Sil-
verman, Cell Tissue Res. 205, 217 (1980); S. R.
Henderson, C. L. Bethea, S. E. Monroe, 61st
Annu. Meet. Endocr. Soc. (1979) (Abstr.), p.
464.

7. The animals were decapitated and their brains
were quickly removed, frozen on dry ice, and
sectioned at approximately 1000-um intervals.
The periventricular region of the hypothalamus
was dissected out and homogenized in 1 ml of
0.25 percent acetic acid or phosphate-buffered
saline. The homogenizer was rinsed once with 1
ml of the homogenizing solution, and the rinse
and homogenate solutions were combined and
centrifuged for 5 minutes at 100g. The resulting
supernatant was heat-treated for 90 seconds in
boiling water to inactivate any enzymes and
then frozen. Corresponding areas of the dien-
cephalon were removed from the controls. The
supernatants were then assayed for vasopressin
[D. Gash et al., Brain Res. 181, 345 (1980)]. The
vasopressin antiserum used had an affinity for
vasopressin 100 times greater than its affinity for
oxytocin. Since high levels of oxytocin (relative
to vasopressin) would interfere with the vaso-
pressin assay, and since oxytocin was present in
the periventricular areas taken for homoge-
nization, homogenates from the periventricular
region of the controls were used to establish a
baseline of oxytocin interference. The baseline
was set at 2 standard deviations above the mean

‘value for the controls—a conservative criterion
that probably underestimated the actual vaso-
pressin content of the grafts.

8. T. H. McNeill and J. R. Sladek, Jr., Science
200, 72 (1978). .

9. J. Buggy and A. K. Johnson, Am. J. Physiol.
233, R44 (1977); A. K. Johnson and J. Buggy,
ibid. 234, R122 (1978).

10. M. Gellai, B. R. Edwards, H. Valtin, ibid. 237,
F100 (1979).

11. R. Y. Moore, in Dynamics of Degeneration and
Growth in Neurons, K. Fuxe, L. Olson, Y. Zot-
terman, Eds. (Pergamon, Oxford, 1974), p. 379;
L. Guth, Exp. Neurol. 48, 3 (1975).

12. C. D. Clemente, in Regeneration in the Central
Nervous System, W. F. Windel, Ed. (Thomas,
Springfield, Ill., 1955), p. 147.

13. K. Kalil and T. Reh, Science 205, 1158 (1979).

14. R. Defendini and E. A. Zimmerman, in The Hy-
pothalamus, S. Reichlin, R. J. Baldessarini, J.
B. Martin, Eds. (Raven, New York, 1979), p.
137

15. M. J. Perlow, W. J. Freed, B. J. Hoffer, A. Sei-
ger, L. Olson, R. J. Wyatt, Science 204, 643
(1979).

16. We are indebted to J. Lyness, L. Dick, J. Has-
brouck, and P. Reydel for their technical assist-
ance. We thank C. L. Odoroff for helpful dis-
cussions on the statistical analysis, A. G. Robin-
son for the neurophysin antiserum (provided un-
der PHS grant AM 16166), and T. B. van
Wismersma Greidanus for the vasopressin anti-
serum. ‘This research was supported by PHS
grant NS 15109.

20 June 1980; revised 8 September 1980

Mental Symptoms in Huntington’s Disease and a

Possible Primary Aminergic Neuron Lesion

Abstract. Monoamine oxidase activity was higher in the cerebral cortex and basal
ganglia of patients dying from Huntington’s disease than in controls. Enzyme kinet-
ics and multiple substrate studies indicated that the increased activity was due to
elevated concentrations of monoamine oxidase type B. Concentrations of homo-
vanillic acid were increased in the cerebral cortex but not in the basal ganglia of
brains of patients with Huntington’s disease. These changes may represent a primary
aminergic lesion that could underlie some of the mental symptoms of this disease.

Huntington’s disease (HD) is an auto-
somal dominant degenerative disease
characterized clinically by mental symp-
toms including a schizophreniform psy-
chosis and dementia, and the neurologi-
cal signs of chorea (/). The patho-
physiology of this disease has some
bearing on understanding that of schizo-
phrenia and the primary dementias.

The pathology of the basal ganglia (/)
includes marked neuronal loss in the
caudate nucleus, putamen, and globus
pallidus; and relative sparing of the sub-
stantia nigra. A reduction in the basal
ganglia of the activity of choline acetyl-
transferase (CAT) and glutamic acid de-
carboxylase (GAD) (2, 3) reflects these
morphological changes. Muscarinic
cholinergic, y-aminobutyric acid
(GABA), and serotonergic receptor den-
sities are reduced in the basal ganglia (4).
In contrast, the concentrations in the
basal ganglia of norepinephrine, dopa-
mine, and tyrosine hydroxylase are nor-
mal (2, 5). Drugs that block dopamine re-
ceptors, deplete dopamine, or increase
acetycholine improve the choreiform
movements, while r-dopa and anti-

0036-8075/80/1219-1369$00.50/0 Copyright © 1980 AAAS

cholinergics aggravate them (6). Work
on animals suggests that GABA modu-
lates dopaminergic function in the basal
ganglia (6). Thus, it is postulated that do-
paminergic overactivity, secondary to
the loss of the inhibitory restraint of
GABA and cholinergic neurons, is re-
sponsible for the choreiform move-
ments.

While it is reasonable to assume that
the pathology seen in the basal ganglia is
responsible for the motor disturbances
associated with this disease, the mental
symptoms are more likely to be related
to changes in the cerebral cortex where
degeneration of the third, fifth, and sixth
layers occurs (/). In contrast to the basal
ganglia, the cortex appears to lack a neu-
rochemical counterpart to these histolog-
ical changes, and pharmacological ma-
nipulations aimed at improving cognitive
function have been preliminary and des-
ultory. No significant alterations in GAD
or CAT activity or in the concentrations
of muscarinic or GABA receptors are
found in the cerebral cortex (2, 3, 7). De-
creased [*H]spiroperidol binding is re-
ported in the cerebral cortex of choreics
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