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Lesch-Nyhan syndrome, described in 
1964 (I), is an X-linked disorder of purine 
metabolism and is characterized clinical- 
ly by automutilation and aggressive and 
compulsive self-destructive behavior, 
choreoathetoid cerebral palsy, marked 
hypertonicity, athetoid dysarthria and 
dysphagia (2). There is a marked deficit in 
hypoxanthine phosphoribosyltransferase 
(HPRT, E.C. 2.4.2.8), hyperuricemia, 
and excessive uric acid production (3). 
Increased activity of dopamine-p3-hy- 
droxylase (DBH, E.C. 1.14.17.1) with an 
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cent of the antioxidant N-2-octyl-N'-phenyl-p- 
phenylenediamine (Union Oil Products No. 
UOP-688) by immersing the hoops in gossyplure, 
reducing the pressure to 6 mm, and then releasing 
the vacuum. 

8. We applied the hoops by hand to ensure a precise 
1 by 1 m grid. This degree of precision could not 
be accomplished with the available commercial 
equipment used by Conrel for ground and aerial 
application of 20-mm-long gossyplure-filled fi- 
bers on a semicommercial experimental basis on 
1600 ha of cotton in California and Arizona dur- 
ing 1976. Also, hand application permitted locat- 
ing the hoops at the most effective location on the 
foliage, the top of the plant. Hoops were chosen 
as the method of attachment because they en- 
sured retention on the plant until it was defoliated 
(4). 

9. Traps [described by J. R. McLaughlin, H. H. 
Shorey, L. K. Gaston, R. S. Kaae, F. D. Stewart, 
Environ. Entomol. 1,645 (1972)] were baited with 
a 20-mm-long No. 22 Teflon tube containing a 3- 
mm length of gossyplure. Two traps were placed 
at the top of the cotton canopy and two at the 
base of the cotton plants. Traps were examined 
twice weekly starting 15 May for pink bollworm 
moths. 

10. The experiment was evaluated by weekly exami- 
nation in the laboratory of 100 randomly selected 
susceptible bolls from each treated and control 
field for first- through third-instar larvae. Density 
of susceptible bolls was determined weekly by 
counting the number of bolls in four 1-meter seg- 
ments of row per field. Evaluation was started 1 
July and continued until 15 September according 
to the method of R. A. Van Steenwyk, G. R. 
Ballmer, and H. T. Reynolds [J. Econ. Entomol. 
69,579(1976)]. 

11. R. A. Van Steenwyk, V. M. Stern, R. S. Kaae, 
personal communication. 

12. A rate of evaporation from each fiber of 10 /ug/day 
was determined in a wind tunnel (0.4 m/sec) with 
the temperature programmed for a typical hot 
growing day, 21? to 43?C. This corresponds to 
about a 2-mm length of gossyplure evaporated 
per week. 

13. G. H. L. Rothschild, Bull. Entomol. Res. 65,473 
(1975); H. Arn, B. Delley, M. Baggioline, P. J. 
Charmillot, Entomol. Exp. Appl. 19, 139 (1976); 
M. Beroza, inPest Management with SexAttrac- 
tants, M. Beroza, Ed. (American Chemical So- 
ciety, Washington, D.C., 1976), p. 99. 
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Foundation. 

15 November 1976; revised 17 December 1976 

cent of the antioxidant N-2-octyl-N'-phenyl-p- 
phenylenediamine (Union Oil Products No. 
UOP-688) by immersing the hoops in gossyplure, 
reducing the pressure to 6 mm, and then releasing 
the vacuum. 

8. We applied the hoops by hand to ensure a precise 
1 by 1 m grid. This degree of precision could not 
be accomplished with the available commercial 
equipment used by Conrel for ground and aerial 
application of 20-mm-long gossyplure-filled fi- 
bers on a semicommercial experimental basis on 
1600 ha of cotton in California and Arizona dur- 
ing 1976. Also, hand application permitted locat- 
ing the hoops at the most effective location on the 
foliage, the top of the plant. Hoops were chosen 
as the method of attachment because they en- 
sured retention on the plant until it was defoliated 
(4). 

9. Traps [described by J. R. McLaughlin, H. H. 
Shorey, L. K. Gaston, R. S. Kaae, F. D. Stewart, 
Environ. Entomol. 1,645 (1972)] were baited with 
a 20-mm-long No. 22 Teflon tube containing a 3- 
mm length of gossyplure. Two traps were placed 
at the top of the cotton canopy and two at the 
base of the cotton plants. Traps were examined 
twice weekly starting 15 May for pink bollworm 
moths. 

10. The experiment was evaluated by weekly exami- 
nation in the laboratory of 100 randomly selected 
susceptible bolls from each treated and control 
field for first- through third-instar larvae. Density 
of susceptible bolls was determined weekly by 
counting the number of bolls in four 1-meter seg- 
ments of row per field. Evaluation was started 1 
July and continued until 15 September according 
to the method of R. A. Van Steenwyk, G. R. 
Ballmer, and H. T. Reynolds [J. Econ. Entomol. 
69,579(1976)]. 

11. R. A. Van Steenwyk, V. M. Stern, R. S. Kaae, 
personal communication. 

12. A rate of evaporation from each fiber of 10 /ug/day 
was determined in a wind tunnel (0.4 m/sec) with 
the temperature programmed for a typical hot 
growing day, 21? to 43?C. This corresponds to 
about a 2-mm length of gossyplure evaporated 
per week. 

13. G. H. L. Rothschild, Bull. Entomol. Res. 65,473 
(1975); H. Arn, B. Delley, M. Baggioline, P. J. 
Charmillot, Entomol. Exp. Appl. 19, 139 (1976); 
M. Beroza, inPest Management with SexAttrac- 
tants, M. Beroza, Ed. (American Chemical So- 
ciety, Washington, D.C., 1976), p. 99. 

14. We thank T. W. Brooks and R. Kitterman for 
bringing to our attention the potential of using 
hollow fibers as pheromone dispensers, and W. 
E. Yates for determining the rate evaporation of 
glossyplure for those fibers. Supported by the 
California State Cotton Pest Advisory Board of 
the California State Department of Food and Ag- 
riculture, Cotton, Inc., and The Rockefeller 
Foundation. 

15 November 1976; revised 17 December 1976 

absence of the pressor response to cold 
stimulation has been noted (4). 

The hypertonicity and involuntary dys- 
kinetic movements in Lesch-Nyhan 
patients have been likened to symptoms 
in dystonia (2), and we have found both 
increased DBH activity and increased 
concentrations of norepinephrine (NE) in 
the autosomal dominant form of torsion 
dystonia (5). Accordingly, we undertook 
the evaluation of sympathetic function in 
Lesch-Nyhan syndrome by measuring 
NE concentrations and DBH activity un- 
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der various environmental circum- 
stances. 

Although plasma activity of DBH has 
been related to sympathetic nervous sys- 
tem activity (6), measurement of basal 
levels of NE and its increment with pos- 
tural stress appear to provide a more di- 
rect and sensitive measure of both the 
basal state and responsivity of the sympa- 
thetic nervous system in humans (7). 

Fourteen patients with Lesch-Nyhan 
syndrome with a mean age of 14 + 1 
(? standard error) years (range, 6 to 22 
years), all with evidence of severe self- 
mutilation and virtual absence of erythro- 
cyte HPRT activity (8), were evaluated 
for possible sympathetic dysfunction af- 
ter the proper consents had been ob- 
tained. A control group consisted of 14 
healthy volunteers (mean age of 23 ? 2; 
range, 12 to 44 years). Although plasma 
concentrations of NE vary with age but 
not sex (9), there was no significant dif- 
ference among the basal levels of NE in 
the present control group, the Lesch-Ny- 
han patients, and an age-controlled group 
(15 ? 1 years; basal NE of 221 ? 37 pg/ 
ml) which did not undergo the same pos- 
tural change after the basal blood sample 
was taken for NE determination. Since 
DBH activity may not increase after the 
second decade (6, 10), 312 adult volun- 
teers (42 ? 1 years) also served as con- 
trols for DBH activity. All subjects were 
placed in a supine position after which the 
needle of a "heparin lock" was inserted 
into an antecubital vein. Blood (12 ml) 
was withdrawn immediately from ten 
Lesch-Nyhan patients, and a blood 
sample was taken from all subjects (in the 
resting supine position) after about 15 
minutes, by which time normal subjects 
reach basal levels (7). Pulse rate was 
measured by radial palpation at the time 
of blood sampling. Eight patients and all 
the controls were subsequently allowed 
to sit upright (two patients were tilted to 
60 degrees) and blood was sampled after 
10 minutes. In normal subjects these ma- 
neuvers (sitting and tilting) increase simi- 
larly the plasma concentrations of NE (7). 
Volunteer subjects were asked to discon- 
tinue all medications for 1 week before 
the test. All Lesch-Nyhan patients were 
receiving allopurinol; eight of them were 
also taking diazepam; three, thioridazine; 
three, dantrolene; two, phenobarbital; 
and one, diphenylhydantoin. Five pa- 
tients had their medication discontinued 
24 hours before the test. 

Blood was collected, centrifuged, and 
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stored as described (7) until assayed for 
DBH by the method of Weinshilboum 
and co-workers (6) and for NE by the ra- 
dioenzymatic method of Henry et al. (11) 
modified as described (7). 
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Lesch-Nyhan Syndrome: Low Dopamine-,3-Hydroxylase Activity 
and Diminished Sympathetic Response to Stress and Posture 

Abstract. Patients with Lesch-Nyhan syndrome with virtually no hypoxanthine 
phosphoribosyltransferase activity demonstrate significantly low plasma activity of 
dopamine-,f-hydroxylase but normal basal levels ofnorepinephrine. Under conditions 
of emotional or postural stress the plasma concentrations of norepinephrine in Lesch- 
Nyhan patients increased less than in a normal population. 

Lesch-Nyhan Syndrome: Low Dopamine-,3-Hydroxylase Activity 
and Diminished Sympathetic Response to Stress and Posture 

Abstract. Patients with Lesch-Nyhan syndrome with virtually no hypoxanthine 
phosphoribosyltransferase activity demonstrate significantly low plasma activity of 
dopamine-,f-hydroxylase but normal basal levels ofnorepinephrine. Under conditions 
of emotional or postural stress the plasma concentrations of norepinephrine in Lesch- 
Nyhan patients increased less than in a normal population. 



Table 1. The concentration of NE, activity of DBH, and the pulse rate in 14 Lesch-Nyhan 
patients and 14 volunteer subjects. Results are expressed as means ? standard error. The basal 
concentration of NE was determined in supine subjects about 15 minutes after venipuncture. 
The increment in NE was determined by subtracting the basal NE from the concentration deter- 
mined after the subjects were allowed to sit upright (two patients were tilted to 60 degrees). 

NE (pg/ml) Pulse rate DBH 
Subject (units of 

Basal Increment Basal Upright activity)* 

Lesch-Nyhan 321 + 57 39 ? 26t 106 ? 4t 117 + 3t 344 + 72t 
Volunteers 248 ? 28 165 ? 40 74 ? 3 80 ? 3 668 + 109 

*One unit equals 1 nmole of phenylethylamine converted to phenylethanolamine per milliliter of plasma per 
hour. tP < .02, Student's t-test. IP < .001. 
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As expected, the Lesch-Nyhan 
patients were more agitated than the vol- 
unteer group, and restraints were used 
with several patients. It is likely that 
these patients did not understand the pro- 
cedure but were afraid that they were to 
undergo a painful experience. The basal 
pulse rate in the patients was significantly 
higher than controls (Table 1). In normal 
subjects, pulse rate and plasma levels of 
NE decline significantly and proportion- 
ately between immediate and basal sam- 
plings (7). In the present experiments, the 
pulse rate of the patients declined signifi- 
cantly (P < .05; paired t-test) by 10 ? 4 
beats per minute to 116 + 6 by about 15 
minutes after venipuncture, but the 
patients did not reach basal state as ob- 
served subjectively or objectively by 
pulse rate at the time the basal samples 
were obtained. The concentration of NE 
in the plasma obtained immediately after 
venipuncture was 331 ? 67 pg/ml, and 
there was a minimal decrease in this con- 
centration by the time the second (basal) 
sample was obtained. This decrement 
was not significant; also, the NE concen- 
trations in the plasma obtained immedi- 
ately or 15 minutes after venipuncture 
were not significantly higher than the bas- 
al levels of NE from the volunteers, de- 
spite the higher anxiety levels of the 
patients (Table 1). After the postural 
change the patients maintained their ele- 
vated state of anxiety and their pulse 
rates remained higher than controls 
(P < .001; Table 1). Although the con- 
centrations of NE in the plasma obtained 
from patients and volunteers in the up- 
right position were similar (360 ? 84 and 
413 ? 46, respectively), the increment in 
plasma NE in the Lesch-Nyhan patients 
was significantly blunted (Table 1). In a 
normal population the NE concentrations 
increase by about 65 percent above basal 
values after the individuals have been sit- 
ting or have been tilted to 60 degrees for 
10 minutes, regardless of the magnitude 
of the basal plasma content of NE (7, 9). 

In contrast to previous results (4), the 
present study showed that the DBH ac- 
tivity in 14 Lesch-Nyhan patients was sig- 
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nificantly lower than that in either the 14 
volunteers (P < .02; Table 1) or the large 
adult control group (760 ? 26 units; 
P < .001). To determine whether Lesch- 
Nyhan plasma contains an inhibitor of 
DBH activity, the plasma from nine 
patients was individually mixed with an 
equal volume of plasma containing high 
DBH activity and allowed to stand at 
room temperature for time periods of 5 
and 60 minutes before being assayed for 
DBH activity. The DBH activities from 
the mixed plasma samples were found to 
be additive at both time periods, suggest- 
ing that the low activity in Lesch-Nyhan 
plasma is not secondary to endogenous 
inhibitors. 

Since Lesch-Nyhan patients are not 
able to stand up unassisted, sitting in their 
wheelchair is generally the most upright 
posture they assume with respect to the 
force of gravity on the circulatory sys- 
tem. A major function of the peripheral 
noradrenergic nervous system is the 
maintenance of blood pressure upon 
standing by increasing peripheral vascu- 
lar resistance. The activity of DBH has 
been demonstrated to be lower during 
sleep (12) compared to the waking hours 
when posture is often changed and indi- 
viduals are upright. The present data, 
showing (i) the absence of an elevation in 
plasma NE concentrations in patients 
with Lesch-Nyhan syndrome immediate- 
ly after venipuncture, (ii) a diminished in- 
crement in NE upon postural change, and 
(iii) low plasma DBH activity, support the 
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recent report (4) of a diminished auto- 
nomic responsivity to cold in Lesch-Ny- 
han syndrome. 

The explanation for these data in 
Lesch-Nyhan patients may be the rela- 
tive disuse from infancy of the sympa- 
thetic nervous system because of the lack 
of demand for noradrenergic responsive- 
ness to standing posture, this resulting in 
a diminished need for synthesis of NE 
and its synthetic enzymes. Basal noradre- 
nergic tone is not reflected by plasma 
DBH activity in Lesch-Nyhan syndrome 
because basal concentrations of NE are 
normal. That these patients raised their 
heart rates under conditions of stress sup- 
ports the view (13) that the cholinergic 
nervous system has a dominant role in 
control of heart rate during stress. 
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Legionnaires' Disease: Nickel Levels 

Abstract. Nickel concentrations in lung tissues of nine deceased Legionnaire vic- 
tims average nine times that of controls. There is a significant correlation between 
the nickel levels in the lungs of the Legionnaire victims and the weights of the lung 
specimens. No similar correlation is evident in the study of the victims' kidney tis- 
sues or tissues from the controls. 
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