those times of year when such stimula-
tion is required under natural conditions.
Shortening of the photoperiod in the fall
is a much more reliable cue for seasonal
phasing than are changes in 7,. There-
fore, photoperiodic control allows ther-
mogenic improvement well in advance of
the lowering T,, actually demanding
greater thermogenic cfficiency.

The physiological background of pho-
toperiodic control of thermogenesis
seems to be closely related to photoperi-
odic control of other seasonally varying
functions, such as reproduction and moit
(8, 13). This suggests that there is a
common neural pathway for photoperi-
odic time measurement, terminating at
the pineal as the ‘‘neurochemical trans-
ducer”’ (15). Such a function of the pine-
al has been suggested for photoperiodic
control of gonadotropic activity of the
hypothalamopituitary system (15, 16).
Qur results suggest that this action of the
pineal may be extended to control of
thermoregulatory functions and corrobo-
rates conclusions about the significance
of the pineal complex for thermoregula-
tion in vertebrates (/7). The chemical
nature and the pathway of information
transmission from the pineal to thermo-
regulatory effectors are still unclear.
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Cystinuria in the Maned Wolf of South America

Abstract. Of 42 maned wolves in zoos or live-trapped in Brazil, 34 had excessive
cystine in their urine. Renal clearance studies of five of the affected wolves revealed
a variable defect for the reabsorption of cystine and dibasic amino acids. The renal
tubular handling of other solutes including glucose, phosphate, sodium, potassium,
and uric acid was considered normal. Urinary calculi composed of cystine were
Sound in four wolves and proved fatal in three of them. With the exception of the high
incidence in this species, this hereditary disease resembles the disorder described in

dogs and humans.

In recent years, considerable attention
has been given to metabolic diseases in
domestic and wild animals which resem-
ble those in humans (/). Such diseases
provide comparisons with diseases of
humans and, possibly, models for study-
ing basic disease mechanisms. Cystinu-
ria, an inherited metabolic disease asso-
ciated with excessive urinary excretion
of cystine and other amino acids, has
been reported in man (2) and dog (3, 4).
Alteration of kidney cell transport of
cystine and dibasic amino acids has been
proposed as the underlying mechanism.
The major clinical manifestation of cys-
tinuria is the presence of urinary calculi
composed primarily of cystine, which is
highly insoluble in urine.

We previously reported the occur-
rence of cystine calculi in one maned
wolf (Chrysocyon brachyurus) from a
z00 (5). We now report the incidence and
nature of this disease in a much larger
number of maned wolves, both captive
and wild. This rare South American
canid (Fig. 1) inhabits Brazil and Argen-
tina and is uncommonly found in zoos.
Due to alteration of habitat, maned

- wolves are listed as vulnerable to extinc-

tion by the International Union for the
Conservation of Nature Resources.

To determine the incidence of the dis-
ease we used paper chromatography, a
sensitive and reliable test for detecting
excessive aminoaciduria in wolves and
dogs. The results were confirmed by

renal clearance studies, Urine specimens
were collected from adult maned wolves
in zoos in six countries and from live-
trapped wolves in Brazil. Of the 42
wolves tested, 34 had excessive cystine
and dibasic amino acids in their urine.
Nearly equal numbers of males and fe-
males were affected. Six of the eight live-
trapped wolves and 28 of the 34 captive
wolves were positive for cystinuria. (The
captive wolves had themselves been
trapped in Brazil or were their offspring.)
Thus, despite the differences in diet and
habitat between captive wolves and
those in the natural state, the incidence
of cystinuria appears to be the same for
both groups. Four of the wolves had
cystine stones, as determined at necrop-
sy or by the presence of urinary obstruc-
tion. (Clinical signs of cystinuria include
urinary straining, frequent urination,
and urinary obstruction.) Three of the
wolves died from such obstruction.
Crystallographic analysis of the calculi
showed them to be more than 95 percent
cystine. The incidence of calculi in the
other cystinuric wolves is unknown,
since most of them were not radio-
graphed.

Renal clearance studies were per-
formed on five of the affected wolves.
The wolves were deprived of food for 18
hours prior to study and were immobi-
lized with appropriate pharmacological
agents (5, 6). Since normal wolves were
not available as controls, three normal
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dogs were used instead. The quantity of
amino acids in plasma and urine was
determined with amino acid analyzers
(Beckman models 119 and 121). As
shown in Table 1, the renal clearance of
amino acids was abnormal in all five
wolves. In four of the wolves the reab-
sorption of cystine ranged from 70 to 88
percent of the filtered load. In the fifth,
cystine excretion was greater than the
filtered load—a phenomenon that has
been observed in some cystinuric dogs
(4). All five wolves had minor defects in
their renal clearance of dibasic amino
acids. (The renal clearance of 24 amino
acids was measured; those not shown in
Table 1 were reabsorbed normally.) The
plasma concentrations of amino acids
were similar to values reported for the
normal dog (4, 7, 8). Routine urinalyses
were not remarkable, except for the
presence of cystine crystals. Total cys-
tine excretion was not measured because
complete 24-hour urine collections are
not possible in this species.

The renal tubular handling of other
solutes was measured by standard clear-
ance methods (9). Glomerular filtration
rate, measured by clearance of creati-
nine, was 1.75 = 0.4 ml per minute per
kilogram. The reabsorption of glucose,
phosphate, and sodium was 99.0, 90.6,
and 99.5 percent of the filtered load,
respectively. Values for potassium and
uric acid, expressed as the ratio of uri-
nary excretion to filtered load, were 0.28
and 0.40, respectively. These values are
considered normal compared to those for
dogs (9). Therefore, the renal tubular
defect is limited to amino acids.

These results indicate that cystinuria
in these wolves was associated with di-
basic aminoaciduria and minor defects in
the clearance of other amino acids. The
finding that the excretion of four amino
acids exceeded the filtered load in one
wolf cannot be explained by reduced
reabsorption alone. Therefore, it is likely
that either the efflux from tubular cells or
the secretion of amino acids was in-
creased in this wolf. The apparent secre-
tion occurred for cystine and dibasics,
which supposedly share the same trans-
port system, as in man and dog (7, 10). It
is assumed that 98 to 100 percent reab-
sorption of amino acids is normal in the
maned wolf, since this is the standard
value in other species.

The nature of aminoaciduria in maned
wolves is more similar to the abnormali-
ty in dogs than to that in humans. Human
cystinurics have a profound lysinuria
that exceeds cystinuria and have hyper-
excretion of arginine and ornithine (2).
This pattern has not been found in dogs

920

Fig. 1. Captive adult maned wolf.

or maned wolves. Lysinuria appears to
be a variable defect in maned wolves,
similar to that in cystinuric dogs (4).

The incidence of cystinuria in maned
wolves is remarkable compared to that in
other species. The incidence of the ho-
mozygous form of cystinuria in man is
one in 7000 (/7). The exact incidence in
dogs is unknown, but presumably it is
less than one in 1000. We recently stud-
ied the patterns of amino acid excretion
in nine North American timber wolves
and arctic wolves and found them similar
to the patterns in normal dogs.

Physical examination and catheteriza-
tion of the lower urinary tract of male
maned wolves revealed curvature of the
penile urethra and a narrow urethral lu-
men—Iess than one-half the diameter of
the urethral lumen in a dog of compara-
ble size. Thus, maned wolves may be
highly vulnerable to urethral obstruction
by calculi.

The first reported search for animals
with hyperaminoaciduria in zoos was

Table 1. Reabsorption of amino acids in five
maned wolves. Negative values represent uri-
nary excretion in excess of the filtered load.
Normal dogs reabsorb 98 to 100 percent of
filtered amino acids.

Mean reabsorption for
three collection periods (%)

Amino
acid Wolf
1 2 3 4 5
Cystine -229 78 70 78 88
Lysine —-275 95 94 98 98
Ornithine -8 8 8 95 93
Arginine -8 99 98 99 100
Glutamic acid 100 9 98 99 99
Cystathionine 43 100 92
Serine 86 98 97 99 98
Threonine 93 100 99 99 99
Histidine 100 80 90
3-Methyl 78 91 96
histidine

conducted by Datta and Harris (/2). The
maned wolf was not included in that
search. The high incidence of cystinuria
in this species does not mean that it
should be regarded as a readily available
subject for studying cellular defects in
renal amino acid transport. The impor-
tance of this report is that cystinuria may
threaten the existence of this rare ani-
mal. While the genetic nature of this
disease is not known, the high incidence
may contribute to the vulnerability of the
animal in the wild. The captive popula-
tion is small, and a genetically transmit-
ted abnormality such as cystinuria has
marked implications for breeding strate-
gy.
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