250-ml Erlenmeyer flask. The cultures
(still) were held for 4 weeks at room
temperature in the light. The entire cul-
ture contents were then freeze-dried at
150°F. This freeze-dried material was
added to the diet for experiment 3.
DALE M. NORRIS
JocELYN KING BAKER
Department of Entomology,
University of Wisconsin, Madison
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Urinary Metabolites in Congenital Hyperuricosuria

Abstract. The excretion of oxypurine metabolites in urine of patients with
congenital hyperuricosuria exceeds, on a creatinine basis, that observed in any
previously recognized metabolic anomaly. The ratio of hypoxanthine to xanthine
is from 2:1 to 3:1 and results from increased hypoxanthine excretion, in
contrast to other hyperuricosuric conditions where ratios of less than one have
been reported. Administration of allopurinol (a xanthine-oxidase inhibitor) reduces
the excretion of uric acid but results in an equivalent increase in xanthine
and hypoxanthine. These features appear to be unique to congenital hyper-

uricosuria.

Lesch and Nyhan have recently de-
scribed a familial disorder of purine
metabolism in which hyperuricemia is
associated with evidence of central
nervous system dysfunction (7). Since
the original report, many cases have
been recognized and congenital hyper-
uricosuria now appears to be one of
the more common “inborn errors of
metabolism.”

In our own experience, without mak-
ing an intensive search for cases, four
boys in four families have been identi-
fied within a year, and two additional
close relatives probably have the dis-
ease. The mothers of two of the chil-
dren are sisters, supporting the sugges-
tion that inheritance is linked to the
X chromosome (2).

The predominant oxypurine meta-
bolites of nucleic acid metabolism
have been measured in 24-hour col-
lections of the urine in four of these
childen (Table 1). Uric acid was meas-
ured by the uricase method. Hypo-
xanthine and xanthine were first par-
tially purified by passing the urine
through a column of Dowex 50 to re-
move uric acid and urea. The two
oxypurines were separated on a second
column of Dowex that had been cali-
brated with standard solutions of xan-
thine and hypoxanthine. Xanthine was
eluted first with 0.15N HCI, and hypox-
anthine was then eluted with 0.6N
HCI. The concentrations were assayed
with xanthine oxidase (3). The excre-
tion of individual and of total oxypu-
rines has been related to creatinine
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excretion for 24 hours. Body weight
could also have been a standard with-
out altering the interpretation.

The four normal children excreted
somewhat larger amounts of uric acid
per gram creatinine than adults, who
usually excrete less than 500 mg (Ta-
ble 1). However, the excretion of hy-
poxanthine and xanthine remains low
with xanthine distinctly higher, as in
adults. In the gout cases, and these
may be considered representative (4),
the excretion of uric acid is increased
but that of the other oxypurines is nor-
mal. The same is true in the hyper-
uricosuria reflecting the rapid degrada-
tion of nucleic acids, as, for example,
in granulocytic leukemia (Table 1).

The observations previously re-
ported, and those we present, suggest
that the major catabolic pathways
to uric acid are from adenylic acid
via adenosine and inosine to hypo-
xanthine, and from guanylic and xanth-
ylic acids to xanthosine and xanthine.
Tracer experiments indicate that
normally adenine is the primary pre-
cursor for urinary hypoxanthine (3).

Urinary xanthine exceeds hypoxan-
thine by severalfold in normal in-
dividuals, suggesting that xanthylic

acid or guanylic acid (or both) may
make the major contribution to uric
acid. Support for this concept is found
in patients with xanthinuria, in whom
there is a congenital deficiency of
xanthine oxidase (3). In addition to a
sharp reduction in the synthesis of
uric acid, the conversion of hypoxan-

- thine and xanthine lies

thine to xanthine is reduced, and this
permits a clearer interpretation of the
relative rates of synthesis. Xanthine
excretion is two or more times that
of hypoxanthine. Possibly the differ-
ence in excretory rates of hypoxan-
in the rela-
tively more effective incorporation of
adenine than of guanine into nucleic
acids (5). This provides a mechanism
for reutilization and conservation of
the adenine moiety.

Thus the observations on the four
children with congenital hyperuricos-
uria are simpler to intrepret. The chil-
dren excreted amounts of uric acid
far exceeding, based on creatinine ex-
cretion, those previously observed.
They also excreted so much hypoxan-
thine that the usual ratio of hypoxan-
thine to xanthine was reversed. This
anomaly could have resulted from
a reduced efficiency in the reutilization
of adenylic acid and its derivatives.
An alternative hypothesis is that ino-
sinic acid is synthesized in such large
amounts that the bulk is converted to
uric acid without being incorporated
into nucleic acids. Some of this ino-

Table 1. Urinary metabolites. The oxypurines
excreted are expressed as milligrams per gram
of creatinine.

Allo- Oxypurines excreted
purinol
padent ety TR xan
(mg) acid thine thine
Hyperuricosuria
C.W.* None 2500 78 38
100 1900 550 570
150 1300 740 870
200 550 670 910
250 260 1100 2000
R.K.{ None 2700 70 28
100 820 1000 700
J AT None 2600 90 30
100 970 1200 650
D.C.¥ None 2800 100 43
Leukemia
S.W.(7) None 900 3.2 17
800 200 7.0 120
AS.(7) None 1300 4.7 11
800 400 7.0 27
Gout &
None 1290
300 500 190
None 1260 15
300 378 76
Normal children §
None 670 6 21
(475-880) (3.5-9) (10-33)
Normal adults §
None 370 1.5 30
(270-580)  (.4-3.5) (13-45)
* Average of two 24-hour urine collections.

T Average of three 24-hour urine collections.
+ Hypoxanthine and xanthine were not deter-
mined separately. Values in milligrams per 24
hours. Creatinine excretion in the adult approxi-
mates 1 to 1.5 g/24 hr. § Averages of four
normal children (5 to 12 years) and five normal
adults. Range of values in parentheses.
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sinic acid overflows into a normally
minor pathway to hypoxanthine.

The administration of the xanthine-
oxidase inhibitor, allopurinol [4-hy-
droxypyrazolo(3,4-d)pyrimidine or Zylo-
prim] (6), reduced the excretion rate
of uric acid. In C.W. (Table 1), the
amount of reduction was directly re-
lated to the dose of allopurinol. Co-
incidentally, the amounts of urinary
hypoxanthine and xanthine increased.
The excretion of xanthine increased
more than that of hypoxanthine, re-
ducing the ratio of hypoxanthine to
xanthine at times to less than one.
This presumably reflects the accumu-
lation of metabolites in the inosinic
acid-hypoxanthine pathway, with a di-
version of inosinic acid towards xan-
thylic acid and xanthine.

Another significant observation is
that the total excretion of oxypurines
—auric acid, hypoxanthine, and xan-
thine—remains unchanged in patients
with congenital hyperuricosuria even
when they received large doses of al-
lopurinol. This is similar to the obser-
vation reported in one case of hyper-
uricosuria (2) but different from the
response of patients with neoplastic
disease where there is rapid turnover
of nucleic acids (7) and different from
the response in primary nontophaceous
gout (8). In both of these conditions,
the increased excretion of hypoxanthine
and xanthine does not compensate for
the reduction in uric acid, so that the
total oxypurine excretion is reduced by
over 20 to 30 percent (Table 1). It has
been suggested that this results from
the reutilization of hypoxanthine and
xanthine for nucleic acid synthesis,
and new purine synthesis is reduced
as the result of “feedback” inhibition
of 5-phosphoribosylpyrophosphate am-
idotransferase by the natural ribonu-
cleotides (9).

A lack of regulatory control has
long been considered the cause of in-
creased uric acid excretion in 'gout and
has also been suggested, though with-
out evidence, as the fundamental de-
fect in congenital - hyperuricosuria.
Our observations are consistent with,
though not limited to, the interpreta-
tion that the regulatory mechanism is
at least partially effective in gout, and
is ineffective in hyperuricosuria with
central nervous system dysfunction.
Urinary excretion accounts for only
60 percent of the synthesized wuric
acid (7), so that care must be exer-
cised in interpreting the urinary values
alone.
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Since our manuscript was submitted,
it has been reported that these children
are deficient in the enzyme hypoxan-
thine-guanine phosphoribosyltransferase,
which is responsible for the conversion
of hypoxanthine to inosinic acid (10).
The increased urinary excretion of hypo-
xanthine may now be attributed to fail-
ure to re-utilize this metabolite. The
loss of regulatory control of purine
synthesis suggested by our data has
thus been specifically delineated. Ny-
han and Sweetman have made similar
observations on urinary oxypurines
in four patients with congenital hyper-
uricosuria. '

M. EarrL Bauis, IRwiN H. KRAKOFF
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Alarm, Defense, and Construction Behavior

Relationships in Termites (Isoptera)

Abstract. Evidence indicates that building behavior in termites is a direct con-
sequence of low-level alarm stimuli and that its immediate function is defense.
As in other forms of termite defense behavior, recruitment of nymphs and
workers is accomplished by trail laying in conjunction with transmission of the
alarm. The number recruited is related to the intensity of the input stimulus.
Primary construction ceases when the original causal stimulus is eliminated by

the effects of the actual building.

The behavior of termites involved in
building and in construction of nests
has intrigued many workers over the
years (/) and has been investigated
principally by Grassé (2), and more re-
cently by Howse (3). Grassé, on the
basis of his observations of Belli-
cositermes and Cubitermes in Africa,
has put forward a hypothesis to ex-
plain the social coordination involved
in the building of a complicated ter-
mite nest. Briefly, his hypothesis of
“stigmergy” is that building behavior
is at first uncoordinated (“La phase
d’incoordination”); when the construc-
tion at any one point reaches a cer-
tain critical density it attracts other ter-
mites topochemically. These focuses of
the building material determine where
the new pellets of earth used in the
building are to be deposited. The con-
structions built thus act as new deter-
minant stimuli for further construction.
This hypothesis has not been univer-
sally accepted for a number of reasons
(4). One drawback to the hypothesis

which seems to have been overlooked,
or at least not to have been empha-
sized, is that no adequate stimulus to
stop a certain piece of construction has
been shown to operate. My work sup-
ports some of the hypothesis of stig-
mergy, but it shows that the important
initial phase is not haphazard, that it
involves distinct directional cues, and
that a feedback mechanism to halt
building is present.

Howse (3) in his very recent work
on construction behavior in Zootermop-
sis angusticollis (Hagen) and Zooter-
mopsis nevadensis (Hagen) does not
comment on the stigmergy hypothesis.
He considers air movement to be the
prime stimulus in nest building activity
and feels it is this movement that at-
tracts termites to minute openings made
in their nest experimentally or natural-
ly. He suggests that the tropical ter-
mites build around air currents that are
set up in a developing nest, and he
rejects the suggestion (5, 6) that a
sharp gradient in humidity or odor
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