ionic flux mechanisms have been sug-
gested, all the models attempt to ex-
plain the basis of the oscillations in
terms of the dynamics of a single cur-
rent source having no regenerative
characteristics (2, 5, 10). Our voltage
clamp results suggest, however, that
any ionic model must take into account
two distinct current sources and in-
corporate the negative resistance
characteristic.
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Lesch-Nyhan Syndrome: Evidence for Abnormal Adrenergic

Function

Abstract. Subjects with the Lesch-Nyhan syndrome (hypoxanthine-guanine
phosphoribosyltransferase deficiency with self-mutilation) exhibit an apparently
unique pattern of adrenergic dysfunction characterized by elevated plasma dopa-
mine B-hydroxylase activity and an absence of pressor response to acute sym-
pathetic stimulation. Patients with a partial deficiency of hypoxanthine-guanine
phosphoribosyltransferase without self-mutilation do not exhibit these abnormal-

ities of adrenergic function.

The Lesch-Nyhan syndrome is an X-
linked disorder of purine metabolism
characterized by hyperuricemia, an ex-
cessive production of uric acid, and
profound neurological  dysfunction
which includes spasticity, mental re-
tardation, choreoathetosis, and a com-
pulsive type of self-mutilation (1).
These patients have a virtually complete
deficiency of the enzyme hypoxanthine-
guanine phosphoribosyltransferase
(HGPRT) (2). Subjects with a less
severe deficiency of this enzyme (par-
tial HGPRT deficiency) exhibit a clin-
ical syndrome characterized by hyper-
uricemia, an excessive production of
uric acid, and gout (3). Despite occa-
sional neurologic dysfunction in this
latter group of patients, self-mutilation
does not occur.

The pathogenesis of the neurological
and behavioral manifestations in some
patients with HGPRT deficiency re-
mains unclear. The development of self-
mutilation and “sham rage” in the lab-
oratory animal after administration of
caffeine, theophylline, and toxic doses
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of amphetamine (4) led to speculation

-that the Lesch-Nyhan syndrome might

result from a functional alteration in
one of the neurologic pathways suscep-
tible to these agents. In the present
study we have shown that HGPRT-de-
ficient patients with self-mutilation and
severe neurologic dysfunction exhibit a
reproducible and apparently unique pat-
tern of adrenergic dysfunction.

The activity of dopamine 8-hydroxyl-
ase (DBH) in plasma has been pro-
posed as an index of sympathetic ner-
vous system activity (5). This enzyme,
which catalyzes the conversion of dopa-
mine to norepinephrine, is present in
the synaptic vesicles of postganglionic
neurons. At the time of discharge, DBH
is released into the synaptic cleft along
with the neurotransmitter norepineph-
rine (6). Laboratory and clinical data
suggest that circulating DBH activity
might serve as a quantitative index of
adrenergic function (7).

Ten children with HGPRT deficiency
were studied. Six subjects, 8 to 14 years
in age, from five different families mani-

5
6. E. R. Kandel and L. Tauc, ibid. 183, 287
7.

fested the classical Lesch-Nyhan syn-
drome with choreoathetosis, mental re-
tardation, and self-mutilation. The
HGPRT activity in erythrocytes was
assayed by a radiochemical method (3);
a unit is defined as 1 nmole of product
per hour per milligram of protein. The
HGPRT activity of these six patients
ranged from 0.01 to 1.31 units, with a
mean and standard deviation (S.D.) of
0.32 =+ 0.37 unit. Four subjects ranging
in age from 18 months to 16 years
exhibited HGPRT deficiency without
evidence of self-mutilation. Three of
these patients had the partial enzyme
defect with no evidence of neurologic
dysfunction; erythrocyte HGPRT ac-
tivity ranged from 0.97 to 1.19 units
(mean = S.D., 1.05 = 0.10 unit). The
fourth patient, whose erythrocyte
HGPRT activity was 0.95 unit, a level
similar to that of the other patients with
the partial enzyme defect, exhibited
mental retardation without self-mutila-
tion. Thirty-four controls, without
known neurologic disease or neuroblas-
toma, were randomly selected from
the pediatric wards and outpatient clin-
ics. These subjects ranged in age from
1 month to 18 years and had normal
HGPRT activity (90 == 10 units).

Random samples of peripheral venous
blood were collected in chilled tubes
containing heparin and immediately
centrifuged; the plasma was assayed
for DBH activity (8). The presence of
endogenous inhibitors of DBH was ex-
cluded (9). Since plasma DBH activity
is thought to increase progressively
with age throughout the developmental
years (10), the control data were ex-
pressed as a 95 percent confidence band
for DBH activity with respect to age.

Plasma DBH activity for all groups
is depicted in Fig. 1. The four HGPRT-
deficient subjects without self-mutilation
exhibited plasma DBH activity appro-
priate for their respective ages. In ad-
dition, three randomly selected patients
(ages 5 to 14) with cerebral palsy and
normal HGPRT activity also exhibited
normal plasma DBH activity. In marked
contrast, the patients with the Lesch-
Nyhan syndrome uniformly exhibited
DBH activity well above the 95 percent
confidence limit (P < .001).

Despite the elevated plasma DBH
activity, none of the subjects with the
Lesch-Nyhan syndrome exhibited vis-
ceral manifestations of adrenergic over-
activity such as hypertension, tachy-
cardia, or mydriasis. For this reason
we chose to study a clinical index of
adrenergic responsiveness. The cold
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pressor test, an effective stimulus to
sympathetic activation, produces a rap-
idly perceptible increase in systemic
blood pressure and cardiac output (11).

Cold pressor tests were performed on
ten healthy, normotensive adult volun-
teers and on six of the HGPRT-de-
ficient subjects. During a 15-minute
control period, blood pressure was re-
corded at 5-minute intervals. One hand
was then immersed in ice water for 4
minutes while blood pressure was mon-
itored in the contralateral arm. -The
relative discomfort elicited by the test
appeared comparable in all subjects
tested. The blood pressure measure-
ments were obtained by one observer
(S.R.) and have been expressed as
mean arterial pressure (pulse pressure
+ V5 diastolic pressure).

Changes in mean arterial pressure
during the cold pressor test are illus-
trated in Fig. 2. The normal adults ex-
-hibited a rapid pressor response, as did
HGPRT-deficient patients without self-
mutilation. In contrast, patients with
self-mutilation (Lesch-Nyhan syndrome)
failed to manifest a pressor response.
Subjects in each group exhibited var-
iable increases in heart rate, and dif-
ferences among groups were not sig-
nificant (P > .20). The absence of a
pressor response in patients with the
Lesch-Nyhan syndrome could not be
attributed to the drugs which they were
receiving regularly such as allopurinol,
diazepam (one patient), phenobarbital
(one patient), or haloperidol (one pa-
tient), since discontinuation of these
agents did not alter the response. In ad-
dition, other subjects treated with sim-
ilar drugs exhibited a normal response.

In the present study we have shown
that patients with the Lesch-Nyhan syn-
drome exhibit elevated DBH activity in
plasma as well as an attenuated or ab-
sent pressor response to acute sym-
pathetic  stimulation; in  contrast,
HGPRT-deficient subjects without self-
mutilation exhibit both normal plasma
DBH activity and a normal pressor re-
sponse. It appears likely that the ab-
normal pressor response in the patients
with the Lesch-Nyhan syndrome is at-
tributable predominantly to inadequate
vasoconstriction rather than to a re-
duction of the central cardiac com-
ponent, since a normal increase in heart
rate was observed in this group of pa-
tients. The abnormalities could be due

to (i) an altered ratio of soluble DBH

to catecholamines in the synaptic ves-
icle (12), (ii) an altered adrenal re-
lease of catecholamines, (iii) impaired
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Fig. 1. Plasma dopamine g-hydroxylase
activity in HGPRT-deficient subjects.
Symbols: (O, normal subjects; A, sub-

jects with cerebral palsy; B, HGPRT-
deficient subjects without self-mutilation,
(partial HGPRT deficiency); and @,
HGPRT-deficient subjects with  self-
mutilation (Lesch-Nyhan syndrome). The
solid line, y = 0.5x 4+ 5.4, represents a
regression analysis of age versus plasma
dopamine B-hydroxylase; the broken lines
represent 95 percent confidence limits;
1.U., international unit.

or inhibited binding of catecholamines
to the adrenergic receptor, or (iv) un-
responsiveness of the adrenergic re-
ceptor to catecholamines. We cannot
distinguish between these possibilities
at the present time. Whatever the mech-
anism, these observations provide the
first reproducible correlation of an ex-
perimental variable with the presence
of self-mutilation in HGPRT-deficient
subjects.

Monoamine pathways in the central
nervous system are integrally involved
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Fig. 2. Response of mean arterial pressure
to the cold pressor test. Symbols: M, nor-
mal adults; O, HGPRT-deficient subjects
without self-mutilation (partial HGPRT
deficiency); @, HGPRT-deficient subjects
with self-mutilation (Lesch-Nyhan syn-
drome). Probability values depict the
statistical significance of the response of
patients with the Lesch-Nyhan syndrome
compared to that of the other subject
groups; NS, not significant (P > .05).

in the baroreceptor reflex and the con-
trol of systemic arterial pressure (13).
Thus, one may conjecture that similar
or compensatory alterations in the cen-
tral neural networks might contribute
significantly to the bizarre behavioral
manifestations of the Lesch-Nyhan syn-
drome. It is hoped that these findings
will not only provide further insight
into the pathogenesis of this abnormal
behavior but will allow us to design
more effective therapeutic maneuvers to
avoid its development.
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