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Cystinuria in the Dog:
Clinical Studies during 14 Years of Medical Treatment

A. Hoppe and T. Denneberg

The purpose of this study was to summarize 14 years of clinical experience with medical treatment of 88 cystinuric dogs. Of
special interest was evaluation of recurrence rate of cystine uroliths and adverse effects during long-term tiopronin treatment.
Twenty-six different breeds were recognized, and the most common breeds were Dachshunds, Tibetan Spaniels, and Basset Hounds.
In 76 of 88 treated dogs (86%), re-formation of cystine uroliths was prevented. Recurrence rate of cystine uroliths changed from
7 months before to 18 months during tiopronin treatment. On 28 occasions, bladder stones were found, and in about 60% of the
dogs, the uroliths dissolved. Quantitative measurement of the urinary excretion of cystine showed a significantly (P , .03) higher
excretion of cystine in dogs with recurrent urolith formation than in dogs with only 1 urolith episode. Another finding was a
significant (P 5 .02) decrease in urinary cystine excretion in older (.5 years) than in younger (,5 years) dogs. Adverse effects
were found in 11 dogs, and the most severe signs were aggressiveness and myopathy. All signs disappeared when tiopronin
treatment was stopped. In conclusion, this study emphasizes the importance of an individual strategy for lifelong treatment of
cystinuria. In addition to increasing water intake, chemical modification of the cysteine molecule into a more soluble form by
means of tiopronin is useful. In dogs with re-formed cystine uroliths, dissolution may be induced by increasing the tiopronin
dosage to 40 mg/kg body weight per day. In dogs with a low urolith recurrence rate and low urinary cystine excretion, the tiopronin
dosage may be decreased or treatment discontinued.
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Cystinuria is a disease in which increased amounts of
the amino acid cystine, and to a variable extent ly-

sine, arginine, and ornithine, are excreted in the urine.1,2

The solubility of cystine in urine is low; therefore, dogs
with cystinuria are predisposed to urolith formation.3–5 In-
vestigations have shown that cystine uroliths account for 1–
22% of uroliths in the dog, with higher occurrence in Eu-
ropean countries such as Germany and Sweden than in the
United States.6–8

The disease has been reported in many breeds but most
frequently in the Dachshund, Basset Hound, Irish Terrier,
and English Bulldog, and it is most commonly found in
males.6–8

For detection of cystinuria, analysis of urinary calculi
and identification of hexagonal urinary crystals or a posi-
tive cyanide nitroprusside reaction of urine may be helpful.9

For diagnosis, quantitative measurements of urinary cystine
excretion by ion exchange chromatography can be used.10

Canine cystinuria appears to be a heterogeneous disease.
Isolated cystinuria combined with lysinuria have been re-
ported by some investigators,5,11 and the full pattern of cys-
tine and the 3 dibasic amino acids appearing in excess in
the urine have been reported by other investigators.2,12,13

The mode of inheritance of cystinuria has been investi-
gated. In humans, 3 types of cystinuria have been identified,
probably reflecting different alleles.14 More recently, the
amino acid transport gene SLC3A1 (former rBAT gen) lo-
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cated on chromosome 2 has been described in detail.15–17

Mutations in that gene have been shown to be associated
with cystinuria and probably represent the pathogenic back-
ground of the classic form (type 1) of the disease in hu-
mans. Furthermore, recent investigations in humans indi-
cate that there is a nontype 1 cystinuria caused by mutations
in another gene (SLC7A9) encoding a subunit of SLC3A1
located on chromosome 19.18 Mutations in this 2nd cystin-
uria gene (SLC7A9) have been shown to cause the incom-
pletely recessive form of cystinuria (types II and III).19

In studies of Newfoundland dogs, clinical signs of uri-
nary obstruction occur in male and female offspring from
noncystinuric parents, and observations consistent with an
autosomal recessive mode of inheritance were made.20 The
molecular basis of cystinuria has been further investigated
in Newfoundland dogs, and the cloning and sequencing of
the canine SLC3A1 gene and identification of a nonsense
mutation in exon 2 of the gene have been made.21

However, in cystinuric dogs of 6 other breeds (Welsh
Corgi, Dachshund, Pointer, Irish Setter, Jack Russell Terrier,
and Swedish Lapphund), either heterozygosity at the
SLC3A1 locus or lack of mutations in the coding region of
the SLC3A1 gene were observed, indicating that cystinuria
is genetically heterogeneous in dogs, as in humans.21

After surgical removal, recurrence of cystine uroliths
within 1 year is common because of the inborn renal tubular
defect.7,22 Therefore, there is a need to find an effective
strategy for treatment that provides medical dissolution of
uroliths and prophylactic therapy to prevent renewed urolith
formation. Without such a strategy, many owners may re-
sort to euthanasia instead of further surgical intervention.

Different therapeutic approaches have been described
over the years, such as dietary changes, induced diuresis,
increase of cystine solubility by inducing an alkaline uri-
nary pH, and conversion of cystine to a more soluble com-
pound with D-penicillamine or tiopronine.

Attempts have been made in humans to design diets low
in methionine and decrease the excretion of cystine. The
effects of such diets have been variable. Some investigators
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have found that a diet low in methionine results in a marked
decrease in urinary cystine excretion,23 but other workers
have not been able to confirm this finding.24 Further studies
in humans have concluded that tubular reabsorption of cys-
tine in patients with cystinuria can be increased by dietary
sodium restriction.25–27 The mechanisms suggested by Peces
et al27 are that reduced sodium intake causes increased so-
dium reabsorption in the proximal tubules, which in turn
increases the transport of cystine across the luminar tubular
cell membrane. It has been suggested that this phenomenon
can be utilized in the treatment of cystinuria to reduce uri-
nary excretion of cystine by means of a low sodium diet.27,28

The introduction of the thiol-containing drugs penicilla-
mine and tiopronina made it possible to further reduce the
urinary cystine concentration.7,29–31 Although D-penicilla-
mine is effective in preventing the formation of cystine uro-
liths and sometimes in the dissolution of them, this treat-
ment is accompanied by frequent complications, such as
vomiting, that limit its use in dogs.22 Another property of
penicillamine is its chelation of metals. This effect has been
utilized in the treatment of hepatic copper toxicosis but
must be considered a potential adverse effect in treatment
of cystinuria because studies have shown increased urinary
excretion of calcium, copper, and zinc after oral treatment
of dogs with penicillamine.32 Treatment with tiopronin is
not associated with as many adverse effects, and tiopronin
does not possess chelation properties with metals such as
calcium, copper, zinc, magnesium, chromium, cobalt, and
iron.32 Furthermore, tiopronin has higher oxidation-reduc-
tion potential than penicillamine and may be even more
effective in a disulfide exchange reaction.33

The purpose of the present study was to evaluate 14 years
of medical treatment of cystinuric dogs. Of special interest
is evaluation of the recurrence rate of cystine uroliths and
adverse effects during long-term tiopronin treatment. An
individual scheme for management of the cystinuric dog
also is presented.

Materials and Methods

Dogs and Design of the Study

Eighty-eight male cystinuric dogs were treated with tiopronin from
1986 to 2000. Fifty dogs were treated at the Department of Small
Animal Clinical Sciences in Uppsala. Thirty-eight dogs were handled
by consultations with the University Clinic in Uppsala and treated by
use of the same principles as used at the university, by veterinarians
at different animal hospitals in Sweden. The diagnosis in all dogs was
made before this study started and was based on infrared spectroscopy
of surgically removed uroliths. In all dogs, the uroliths were composed
of pure cystine. Twenty-six different breeds were recognized, includ-
ing Dachshunds (34%), Tibetan Spaniels (10%), Basset Hounds (7%),
Irish Terriers (5%), Rottweilers (5%), English Bulldogs (5%), French
Bulldogs (5%), Shetland Sheepdogs (3%), Drevers (3%), Labrador Re-
trievers (3%), Scottish Deerhounds (2%), Yorkshire Terriers (2%),
Welsh Corgis (2%), and Whippets (2%). Other breeds included Cav-
alier King Charles Spaniel, Munsterländer, Beagle, Chihuahua, Staf-
fordshire Bull Terrier, Shih Tzu, Swedish Lapphund, Pekingese, Cairn
Terrier, Silky Terrier, Vorster, and Basenji.

Before the start of tiopronin treatment, routine urinalysis urine cul-
ture, CBC, serum biochemistry analyses, and cyanide nitroprusside
reaction tests were performed on each dog. All urine samples were
collected in the morning before food was given, and the diet in all
dogs was a mixture of commercial food and scraps from the house-

hold. Ultrasonography, or in a few dogs radiography, of the urinary
tract was performed to detect recurrent uroliths. In dogs with recurrent
uroliths, reexamination was done every 4th week until urolith disso-
lution occurred, or if dissolution did not occur, surgery was performed.
Dogs without uroliths were reexamined between 2 and 4 times a year.
Tiopronin was given in divided doses twice a day. Dogs without uro-
liths were given a daily dosage of 30 mg/kg body weight, and dogs
with uroliths, a daily dosage of 40 mg/kg body weight. Besides tio-
pronin treatment, in the beginning of the study, the 1st 5 dogs were
given sodium bicarbonate for urine alkalinization. The owners of the
dogs were instructed to use test strips for monitoring the urinary pH
of the dogs and to adjust the dosages of sodium bicarbonate to keep
the pH over 7. However, because control measurements during 2 years
disclosed that the urinary pH was between 5 and 6.5, we concluded
that this prophylactic treatment was insufficient, and this regimen
therefore was abandoned.

Before treatment, in 32 of 88 dogs, a quantitative measurement of
the urinary excretion of cystine and the dibasic amino acids lysine,
arginine, and ornithine was performed. In 22 of the 32 dogs (dogs 1–
22), a 24-hour urine sample was collected,7 and in 10 dogs (dogs 23–
32), where 24-hour urine collection was impossible, the mean of 3
morning samples of urine was used. Dogs were fasted for 12 hours
before urine samples were collected, and the urinary concentration of
amino acids in each urine sample from all dogs was related to the
urinary creatinine concentration, a method used by other investigators
when 24-hour urine was not available.34 In an earlier study, the reli-
ability of the cystine:creatinine ratio, compared with the total 24-hour
cystine excretion, was investigated.7 The 2 methods were compared
by linear regression analysis, and a strong positive correlation (r 5
.97, P , .001) was found between the methods.

Laboratory Tests

Urinary cystine and dibasic amino acids were measured by ion ex-
change chromatography with an LKB 4151 Alpha Plus amino acid
analyzer.2 The chromatograms were automatically evaluated by a Shi-
madzu C-R4A integrator at the Department of Clinical Chemistry,
University Hospital in Malmö. No preservatives were added to the
urine specimens, which were sent to the laboratory frozen (2208C).
Uroliths were analyzed at the Department of Chemistry, National Vet-
erinary Institute in Uppsala, by infrared spectrophotometry with the
KBr-disk technique, a well-documented semiquantitative method for
the analysis of organic uroliths.35,36

Plaine radiography and retrograde pneumo cystography were per-
formed. For ultrasound, a 7.5-MHz linear transducerb and a multihertz
7.5-MHz annular array sector transducerc were used.

Statistical Analysis

The correlation between urinary excretion of cystine and the dibasic
amino acids was evaluated in 10 dogs (dogs 23–32), and the correla-
tion between urinary excretion of cystine and age was evaluated in 32
dogs (dogs 1–32). The method used was 1-way analysis of variance
and linear regression.37,d Students’s t-test for unpaired data (logarithmic
transformation of data) was used for differences in cystine excretion
between dogs (dogs 1–32) with 1 or more episodes of cystine urolith
formation.

Results

The mean age of the 88 dogs at the time of cystine urolith
retrieval was 5.6 years (range, 1–12 years). Eleven percent
of the dogs in the study were 2 years or less, and 13% were
9 years or older (Fig 1). Treatment time with tiopronin
ranged from 1 month to 13 years (mean, 2.8 years). Fifty-
two percent of the dogs were treated with tiopronin for 1
year or less and 22% for 5 years or more (Fig 2).
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Fig. 1. Age distribution for 88 cystinuric dogs at time of cystine
urolith retrieval.

Fig. 2. Time distribution for treatment with tiopronin in 88 cystinuric
dogs.

Fig. 3. Significant correlation (P 5 .0244) between urinary cystine
excretion and age of 32 cystinuric dogs, evaluated by linear regression.
Measurements were made before any medical treatment or change in
diet was started.

In 9 dogs, tiopronin treatment was stopped because of
low cystine excretion (,15 mmol/mol creatinine) at a mean
age of 9.1 years (range, 6–16 years). According to results
from investigation of the urinary tract with ultrasound or
radiography, no recurrence of uroliths was found in any of
the dogs from 1 to 7 years (mean, 2.6 years) after termi-
nation of treatment. In 4 of the 9 dogs, a postmortem ex-
amination was performed, which confirmed the absence of
calculi.

Thirty-five of the 50 dogs treated at the University Clinic
in Uppsala were euthanized during the study. Mean age at
euthanasia was 10.5 years (range, 2–18 years). The reason
for euthanasia was a variety of diseases such as tumors in
6 dogs, chronic heart failure in 4 dogs, chronic urinary tract
infection (UTI) in 3 dogs, chronic skin problems in 3 dogs,
chronic renal failure in 3 dogs, chronic diarrhea in 2 dogs,
acute pancreatitis in 2 dogs, diabetes mellitus in 2 dog,
orchitis in 2 dogs, aggressiveness in 1 dog, and death oc-
curred without known cause in 5 dogs. In 2 dogs, the reason
for euthanasia was recurrence of uroliths.

The urinary excretion of cystine in 32 dogs at the start
of the study varied widely between 2.0 and 295 mmol/mol
creatinine. According to cystine excretion, the dogs could
be divided into 3 groups. Six dogs showed low excretion
with a mean of 9.5 mmol/mol creatinine (range, 2.0–18.2).
Nineteen dogs showed a moderate excretion with a mean
of 43 mmol/mol creatinine (range, 21.4–88.7), and 7 dogs
showed high cystine excretion with a mean of 162 mmol/
mol creatinine (range, 106–295). In 2 of the dogs, cystine
excretion was within the range of the normal dogs (,10
mmol/mol creatinine).2 However, on reevaluation within a
period of 4 months, the urinary excretion of cystine ranged
from 2.0 to 37.3 mmol/mol creatinine in 1 of the dogs and
from 2.6 to 10.8 mmol/mol creatinine in the other dog.

The relationship between urinary excretion of cystine,
lysine, ornithine, and arginine was evaluated by pairwise

correlation in 10 dogs (dogs 1–10). Highly significant cor-
relation (P , .001) with the excretion of cystine was found
for lysine and ornithine, and a significant correlation (P ,
.01) was found with arginine. Also, among the dibasic ami-
no acids, a highly significant correlation of excretion was
found.

Figure 3 shows the relationship between urinary cystine
excretion and age for the 32 cystinuric dogs. Older dogs
(.5 years) were found to have significantly (P 5 .0244)
lower cystine excretion than younger dogs (5 years or youn-
ger).
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Table 1. Adverse effects in 11 of 88 cystinuric dogs treat-
ed with tiopronin (Thiolat).

Breed Dachshund, Scottish Deerhound, Rottwei-
ler, Irish Terrier, Basset Hound, Tibetan
Spaniel, Silky Terrier

Age of dogs (years) Range 2–10 (mean 5.6)
Type of reaction Proteinuria, thrombocytopenia, anemia,

high liver enzyme activities and bile
acids, tiredness, small pustules of the
skin, aggressiveness, dry and crusty
nose, sulfur odor of the urine, myopathya

Duration of treatment
(months)

Range 1–36 (mean 7.8)

Dose of tiopronin (mg/
kg body weight)

Range 25–50 (mean 33.1)

Recovery time (weeks) Range 1–16 (mean 4.2)

a Signs of myopathy included staggering and difficulty chewing and
swallowing.

Sixteen out of 88 cystinuric dogs were found to have re-
formed bladder stones at the start of tiopronin treatment,
and in 10 of them (63%), the uroliths dissolved during treat-
ment. Mean time for urolith dissolution was 1.6 months
(range, 1–3 months). Later in the study, uroliths re-formed
during tiopronin treatment in 12 dogs, and in 5 of them,
the uroliths dissolved when the tiopronin dosage was in-
creased from 30 mg/kg body weight to approximately 40
mg/kg body weight per day. Time to recurrence of cystine
urolith formation varied between 1 and 36 months (mean,
7.9 months) before and between 3 and 36 months (mean,
18.2 months) during tiopronin treatment.

Two of the 12 dogs with uroliths that re-formed during
tiopronin treatment were euthanized, and 5 of the 12 dogs
were treated surgically. In 3 of the dogs with surgically
removed uroliths, analysis of uroliths showed magnesium
ammonium phosphate. Urine culture identified UTI with
Staphylococcus intermedius in 2 of them. In the 3rd dog,
urine culture was negative. All 3 dogs had been treated with
sodium bicarbonate for 10–24 months. The urinary pH in
the dogs at the time of urolith surgery was between 6 and
6.5. In 2 of the 3 dogs, urinary cystine excretion was mea-
sured at start of the study and at the time of surgery for
struvite uroliths. In both dogs, cystine excretion was de-
creased, from 33.3 to 10.8 mmol/mol creatinine and from
48.1 to 2 mmol/mol creatinine, during a period of 10 and
18 months, respectively. None of the 3 dogs produced new
uroliths after this episode.

Before the start of tiopronin treatment, urinary excretion
of cystine for 19 dogs with a history of recurrent urolith
formation varied between 18.2 and 295 mmol/mol creati-
nine (mean, 77.8). In 13 dogs with only 1 episode of urolith
formation, cystine excretion varied between 2.0 and 121.9
mmol/mol creatinine (mean, 33.6). The difference in cys-
tine excretion between the groups was statistically signifi-
cant (P 5 .0037).

In 11 dogs, adverse reactions were recognized that could
be related to tiopronin treatment (Table 1). The signs were
noted between 1 and 36 months (mean, 7.6 months) after
the start of treatment, and the most severe signs were ag-
gressiveness and myopathy. According to the owners, 2

dogs became aggressive toward members of the families at
10–36 months, respectively, after start of treatment. In the
1st dog, the clinical signs disappeared when the tiopronin
dosage was lowered. The 2nd dog, a 2-year-old Dachshund,
showed signs of aggressiveness before the start of treat-
ment, but according to the owner, the signs increased in
severity during tiopronin therapy. On 3 occasions, the ag-
gressiveness decreased when treatment was discontinued
for 3–4 weeks, but as soon as treatment was started again,
the temperament of the dog changed drastically. Eventually,
the dog had to be euthanized. Autopsy, with macroscopic
and microscopic examination of the brain, did not show any
changes that could explain the behavior of the dog.

Signs of myopathy with bilateral masseter and quadri-
ceps pain, weakness, staggering, and difficulty chewing and
swallowing were detected in 2 unrelated Irish Terriers, 3–
4 months, respectively, after start of treatment. One of the
dogs had to be hospitalized for 6 days because of inability
to swallow food and water, but during 4–8 weeks after ter-
mination of treatment, the clinical signs gradually disap-
peared. Proteinuria and thrombocytopenia were found in 3
and 4 dogs, respectively. The signs disappeared when treat-
ment was stopped. Transient mild skin lesions were detect-
ed in 2 dogs. One dog developed small pustules on the
abdomen, and the other dog developed a dry and crusty
nose. The lesions disappeared when the dosage of tiopronin
was lowered. An unpleasant sulfur odor of the urine was
noted in 2 dogs. The odor disappeared when the tiopronin
treatment was stopped.

Discussion

Fourteen years of clinical studies have shown the use-
fulness of tiopronin treatment of cystinuric dogs. Most dogs
lived a normal life, and the mean age for 35 dogs eutha-
nized during the period was 10.5 years. Apart from 2 dogs
with re-formed uroliths and 5 dogs with unknown cause of
death, the reason for euthanasia was not related to cystine
urolith formation or tiopronin treatment. The occurrence of
urolithiasis was reduced during tiopronin treatment. This
finding was illustrated by the change in mean recurrence
rate of uroliths from 7 months before to 18 months during
tiopronin treatment. For prophylactic use, tiopronin was
given PO at a daily dosage of approximately 30 mg/kg
body weight. Based on earlier pharmacological studies of
tiopronin in dogs, where rapid renal excretion was shown
initially after administration of the drug, divided doses were
recommended rather than 1 dose per day.38 This study also
shows the usefulness of tiopronin in cystine urolith disso-
lution. On 28 occasions, bladder stones were found, and in
about 60% of the dogs, the uroliths dissolved.

Three dogs formed struvite uroliths during tiopronin and
sodium bicarbonate treatment. Two of them had UTIs
caused by S intermedius. Formation of struvite uroliths is
favored by urease-producing bacteria in an alkaline envi-
ronment.39 However, the urinary pH in both dogs with UTI
was approximately 6.0, so it remains unclear whether the
formation of struvite uroliths and the lowered cystine ex-
cretion in these dogs depended on tiopronin treatment, as
such, or reflected the aging of the dogs or some other un-
known factor.
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Table 2. Recommended scheme for treatment of cystin-
uric dogs.

Prophylactic treatment

Tiopronina 30 mg/kg body weight (bw) q12, PO.
Increase water intake and urine diuresis.
Urine alkalinization (pH 6.5–7.0) using potassium citrate.
In cases with low cystine excretion and low urolith recurrence

rate, tiopronin dose may be individually decreased (,30 mg/kg
bw) or ended.

Dissolution of uroliths

Tiopronin approximately 40 mg/kg bw q12, PO.
Reevaluation of uroliths with ultrasound or radiography every 4th

week.
After urolith dissolution, give prophylactic dose of tiopronin.
If urolith dissolution is not achieved after 2–3 months, surgery is

recommended.

Reexaminations

Is recommended 1, 3, 6, and 12 months after start of treatment
and thereafter twice a year, including:

Physical examination.
Ultrasonography/radiography of the urinary tract.
Urinalyses (specific gravity, protein, pH, sediment, and cyanide

nitroprusside reaction) using morning samples of urine.
Blood analyses (hemoglobin, white blood cell count, thrombo-

cytes, alkaline phosphatase, and alanine aminotransferase).
Quantitative measurements of urinary cystine excretion related to

the urinary creatinine excretion, may be performed on morning
samples of urine, before start of treatment and once a year dur-
ing treatment.

If adverse reactions occurb

Stop treatment with tiopronin for 4 weeks.
Blood and urine analysis every week to every 2nd week until re-

mission of signs.
When the adverse reactions have dissappeared, start tiopronin

treatment again, gradually increasing the dose from 10 to 15
mg/kg bw q12.

If the adverse reactions reappear despite a lowered dose, tiopronin
treatment has to be abandoned.

a Thiolat, tbl, 250 mg, Santen Pharmaceutical Co, Osaka, Japan.
b Adverse reactions to tiopronin may include thrombocytopenia,

anemia, high liver enzyme activities, proteinuria, sulfur odor of the
urine, dry and crusty nose, myopathy, and aggressiveness.

Most dogs treated with tiopronin tolerated the drug well.
Adverse effects related to treatment were found in 11 dogs,
however, and must be considered. Most of the adverse ef-
fects in humans related to tiopronin treatment are charac-
terized by immunologic disturbances, as reviewed by Jaffe
in 1986.40 Proteinuria is the most commonly described man-
ifestation, sometimes leading to membranous glomerulo-
nephritis induced by immune-mediated reactions.41 In this
study, transient mild to moderate proteinuria was noted in
3 dogs, but in none of the dogs were further clinical signs
of renal injury noted. Myopathy, which was found in 2
dogs, was a more severe adverse reaction. A similar reac-
tion was reported in a cystinuric woman who developed
transient bilateral quadriceps pain and weakness 7 days af-
ter the start of tiopronin treatment.42 Another adverse effect
was aggressiveness. This type of reaction because of tio-
pronin treatment has not been reported previously. All ad-
verse effects caused by tiopronin disappeared when treat-
ment was stopped.

Another clinical observation was that the tendency for
cystine urolith formation seemed to decrease with increas-
ing age. This effect was particularly evident in 9 dogs end-
ing their tiopronin treatment at a mean age of approxi-
mately 9 years. Despite no further treatment, the dogs did
not develop new uroliths during the remainder of their lives,
possibly because of decreasing cystine excretion with in-
creasing age, as shown in this study.

Results from this investigation show a significant corre-
lation between excretion of cystine and that of the dibasic
amino acids. This finding is in accordance with one of our
earlier studies, indicating a shared transport mechanism in
the renal tubules for cystine and the dibasic amino acids.2

Over the years, we have found extreme variability in uri-
nary excretion of cystine with considerable overlap be-
tween clinically normal and cystinuric dogs, and urolith-
forming dogs may have cystine excretion within the range
of control dogs.7 This finding also was described by Holtz-
apple et al in 197111 and suggests that high urinary cystine
excretion is not the only factor to consider as the cause of
cystine urolith formation. For the practitioner in the clinical
situation, the cyanide nitroprusside reaction is a simple and
useful method for the differentiation of normal and in-
creased urinary cystine excretion. However, when uncer-
tain, it is important to repeat the test, because some cystin-
uric dogs, on random urine sampling, may have a negative
cyanide nitroprusside reaction (,10 mmol/mol creatinine)
due to daily variations in urinary cystine excretion.

Individual variation in urinary cystine excretion makes it
difficult to estimate a concentration above which cystine
uroliths are likely to form. Results from this study, however,
show that most frequently, there is markedly higher excre-
tion of cystine in dogs with recurrent urolith formation
compared to dogs with only 1 episode of urolithiasis. In
human beings, at least 3 cystinuric groups have been rec-
ognized, based on the urinary concentration of cystine in
obligate heterozytes.14,43 Different subtypes of the tubular
defect also probably exist in cystinuric dogs, resulting in
varying degrees of cystine excretion. Newfoundland dogs
with high urinary excretion of cystine, for instance, were
described with severe impairment of tubular reabsorption.20

In conclusion, cystinuria causes a lifelong tendency for

urolith formation, which, in some dogs with high urolith
recurrence rate, may lead to euthanasia early in life. An
individual strategy for treatment is therefore of the greatest
importance (Table 2).

A wide range of urinary cystine excretion was found in
the evaluated dogs, and there seemed to be a connection
between the varied rates of cystine excretion and recurrence
of cystine uroliths. Dogs with high cystine excretion had
greater risk for re-formation of cystine uroliths compared
to dogs with low cystine excretion. This finding may reflect
different subtypes of the tubular disease resulting in varying
degrees of cystine excretion. Occasionally, normal cystine
excretion is found in urolith-forming dogs, which may re-
flect daily variation of urinary cystine excretion and may
confuse the practitioner in the clinical setting.

The benefit of tiopronin treatment was shown by a de-
crease in urolith recurrence rate and urolith dissolution in
dogs with re-formed uroliths.
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Results of this investigation also show that urinary cys-
tine excretion in some dogs decreases with increasing age.
Consequently, the prophylactic tiopronin dosage should be
decreased (,30 mg/kg body weight per day), and in some
dogs, medication can be discontinued.

In the future, besides genetic studies for further identi-
fication of defective genes, a classification of cystinuria into
different subtypes based on urinary phenotype will help in
the differentiation of cystinuric dogs with high or low risk
for cystine urolith formation.

Footnotes
a 2-mercaptopropionylglycine, Thiolat, 250 mg, Santen Pharmaceuti-

cal Company, Osaka, Japan
b Aloka SSD 650
c Interspec Rx 400
d SAS software, SAS Institute, Cary, NC
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tinuria: An extended study on the effects of 2-mercaptopropionylgly-
cine on cystine urolithiasis and urinary cystine excretion. Br Vet J
1993;149:235–251.

8. Osborne CA, Lulich JP, Bargets JW, et al. Management of cystine
nephrolithiasis with alphamercaptopropionylglycine. J Urol 1986;136:
1003–1008.

9. Brand E, Harris M, Biloon S. Cystinuria: The excretion of a
cystine complex which decomposes in the urine with the liberation of
free cystine. J Biol Chem 1930;86:315–331.
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