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Plasma taurine concentrations were determined in 76 dogs 
with dilated cardiomyopathy (DCM), 28 dogs with ac- 
quired valvular disease (AVD), and 47 normal (control) 
dogs. The data were collected at 2 referral centers, The 
Animal Medical Center, New York, NY (AMC), and the Uni- 
versity of California, Davis (UCD), and the studies were 
conducted independently. Different anticoagulants (so- 
dium citrate at AMC and lithium heparin at UCD) were used 
to collect the plasma samples. Paired analysis of samples 
showed a significant difference in plasma taurine concen- 
trations, depending on the anticoagulant used. Conse- 
quently, results from each clinic were analyzed separately. 
Plasma taurine concentrations were significantly higher in 
dogs with AVD (median, 133 nmol/mL; range, 25 to 229 
nmol/mL) than in control dogs (median, 63 nmol/ml; range 
44 to 224 nmol/mL) and dogs with DCM (median, 72 nmol/ 
mL; range, 1 to247 nmol/mL) at AMC (P< .001). Thenum- 
ber of dogs with AVD at UCD was too small to draw mean- 
ingful conclusions. At UCD, the median plasma taurine 
concentration was 98 nmol/mL (range, 28-1 69 nmol/mL) 

aurine (Zaminoethane sulfonic acid) is the most abun- T dant free amino acid in the mammalian heart, com- 
posing more than 40% of the free amino acid pool in the 
normal dog's heart and more than 60% of the free amino 
acid pool in the heart of dogs with experimentally induced 
right ventricular hypertrophy and heart failure.' Its bio- 
chemical roles are not well defined and may vary in different 
tissues.2 Investigators have shown multiple cardiac effects 
for taurine, including positive and negative in~ t rop ic ,~  anti- 
arrhythmic; arrhythmogenic' properties; enhanced sarco- 
lemma1 calcium binding and transport6,'; carbohydrate me- 
tabolism alterations'; and osmotic regulation.' The high 
myocardial taurine concentration is maintained by active 

Increases in myocardial taurine concentra- 
tion have been reported in humans with congestive heart 
f a i l ~ r e , ' ~ , ' ~  in rats with isoproterenol-induced cardiac hy- 
per t r~phy, '~  and in dogs and rabbits with experimentally 
produced congestive heart f a i l~ re . ' , ' ~ , ' ~  

Low plasma taurine concentration has been associated 
with reversible myocardial failure in  cats."^'* Subsequent to 
this finding, taurine was added to many commercial cat 
foods, leading to a marked reduction in the prevalence of 
feline dilated cardiomyopathy (DCM). 19x20 Experimentally, 
taurine-depleted diets resulted in reduced left ventricular 
systolic function, with secondary eccentric hypertrophy in 
30% of cats The possibility that taurine defi- 
ciency might be associated with heart disease in species 
other than the cat was suggested by a report correlating 
DCM and low plasma taurine concentrations in foxes.23 

Because the above studies showed significant associations 
between taurine concentrations and cardiac function in cats 
and foxes with DCM, we initiated a study to evaluate 
plasma taurine concentrations in dogs with DCM or ac- 
quired (degenerative) valvular disease (AVD), and com- 
pared plasma taurine concentrations in these groups to 
those in a group of clinically normal dogs. 

in dogs with AVD, 75 nmol/mL (range, 0.1-1 84 nmol/mL) 
in dogs with DCM, and 88 nmol/mL (range 52-1 80 nmol/ 
mL) in control dogs. There were no significant differences 
in plasma taurine concentrations between dogs with DCM 
and the control dogs at either hospital. Congestive heart 
failure and administration of cardiac medication had no sig- 
nificant effect on plasma taurine concentrations. Plasma 
taurine concentration was low (<25 nmol/mL) in 17% (1 3/ 
76) of the dogs with DCM. Seven of the 13 dogs with low 
plasma taurine concentrations were Cocker Spaniels or 
Golden Retrievers. It was concluded that most dogs with 
DCM do not have low plasma taurine concentrations. How- 
ever, certain breeds or individual dogs may have low 
plasma taurine concentrations in association with DCM. 
Whether this association is causal or not is unknown. The 
significance of the high plasma taurine concentrations in 
dogs with AVD is also unknown. 
J Vet Intern Med 1995;9:253-258. Copyright 0 1995 by the 
American College of Veterinary Internal Medicine. 

Materials and Methods 
This report is a combination of 2 independent studies initiated at 

The Animal Medical Center (AMC) in New York and the School of 
Veterinary Medicine, University of California, Davis (UCD). The 
study at AMC was designed to evaluate plasma taurine concentra- 
tions in clinically normal dogs, dogs with DCM, and dogs with 
AVD. The study at UCD was designed to compare plasma taurine 
concentrations in dogs with DCM to those in clinically normal 
dogs. A small number of dogs with AVD were also evaluated at 
UCD. 

Normal Dogs 
Forty-seven dogs comprised the normal reference population. 

Dogs were classified as clinically normal on the basis of lack of his- 
torical signs of cardiovascular disease and normal results of physical 
examination and thoracic auscultation. Twenty-seven were male 
and 20 were female. Ages ranged from 1 to 16 years (median, 6 
years), and breeds included mixed breeds (n = 15), Saint Bernard (n 
= 5) ,  Poodle (n = 5), Greyhound (n = 4), Beagle (n = 3), German 
Shepherd Dog (n = 2), Labrador Retriever (n = 20), miniature 
Schnauzer (n = 2), Rottweiler (n = 2), and 1 each Basenji, Basset 
Hound, Chow Chow, Collie, Malamute, Queensland Shepherd, 
Dachshund, and Chesapeake Bay Retriever. Forty-one were client- 
owned dogs brought to the hospital for routine examination, vac- 
cinations, or noncardiac disorders; I8 dogs were examined at AMC 
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and 23 at UCD. Six additional random source laboratory dogs from 
a medical school in New York City examined at AMC and found to 
be normal on physical examination and at necropsy were also used 
as controls. 

Diets for the normal dogs included a large variety of commercial 
dog foods. A specific diet history for each dog was not included in 
the study analysis, because taurine is not considered an essential 
amino acid in this  specie^.^^.^^ 

Dogs With Heart Disease 
Between 1987 and 1990, plasma taurine concentrations were 

measured in 104 dogs (50 at AMC, 54 at UCD) with naturally oc- 
cumng heart disease. Dogs were selected from the population of 
dogs seen for cardiac complaints at both hospitals. Only dogs with 
DCM (n = 76) or AVD (n = 28) were selected for study. The median 
ages ofdogs with DCM and AVD were 8 (range, 0.5 to 14 years) and 
1 I (range, 5 to 16 years) years, respectively. Diagnoses were made 
on the basis of history, physical examination, echocardiography, 
electrocardiography, and radiography. Not all these diagnostic tests 
were performed on every dog. Primary diagnostic criteria for DCM 
were increased end-diastolic diameter, increased end-systolic diam- 
eter, shortening fraction less than 20'70, and E-point to septal sepa- 
ration greater than 7 mm on echocardiography. Primary diagnostic 
criteria for AVD were holosystolic or pansystolic left apical murmur 
on auscultation, increased end-diastolic diameter with a normal- 
to-increased shortening fraction, left atrial enlargement, thickened 
mitral valve, and an E-point to septal separation <7 mm on echo- 
cardiography. 

To determine whether presence or absence of heart failure or ad- 
ministration of cardiac medication rather than the disease affected 
plasma taurine concentrations, dogs were classified as either having 
clinical evidence of congestive heart failure or not, and as having 
received cardiac drugs or not. Clinical evidence of congestive heart 
failure was defined as presence of pulmonary edema or pleural 
effusion on thoracic radiography, or presence of ascites on physical 
examination. 

Sample Collection and Taurine Analysis 
Blood was drawn by jugular or cephalic venipuncture into plastic 

syringes containing sodium citrate (AMC; Sigma Chemical Co, St 
Louis, MO) or lithium heparin (UCD; Sigma Chemical Co). If not 
immediately placed in a centrifuge for separation of plasma, the 
tube containing the blood was placed in ice and centrifuged within 
1 hour. After centrifugation, the plasma was immediately separated, 
collected into plastic vials, and stored at -30 to -80°C until ana- 
lyzed. All taurine assays were performed at UCD. Samples collected 
at AMC were shipped on dry ice to UCD by overnight courier. 
Plasma proteins were precipitated with 6% sulfosalicylic acid, and 
taurine concentration was determined using a Beckman 12 1 M 
amino acid analyzer (Beckman Industries, Palo Alto, CA). The re- 
sults were reported as nanomoles of taurine per milliliter of plasma. 

To determine whether the different anticoagulants used at AMC 
and UCD significantly affected the assay, blood samples were ob- 
tained from 13 clinically normal dogs at UCD. The samples were 
aliquoted into 2 tubes, 1 containing sodium citrate (Sigma Chemi- 
cal Co) and 1 containing sodium heparin (Sigma Chemical Co), 
and analyzed for plasma taurine concentrations. Dogs used for this 
aspect of the study were a subset of the normal population selected 
from UCD. 

Statistical Analysis 
A paired r-test2' was used to determine whether the anticoagulant 

used significantly affected the taurine concentration measured in 
plasma samples derived from a single venipuncture. 

In all dogs, plasma taurine concentrations were compared among 
categories (normal, DCM, and AVD) using a Kruskal-Wallis test 
with multiple range comparisons.28 In the dogs with heart disease, 
plasma taurine concentrations were compared among disease 
groups, between patients with and without congestive heart failure, 
and between patients receiving cardiac medications and those not 
receiving cardiovascular drugs at the time of sample collection. Of 
the dogs with heart disease, a Mann-Whitney rank sum test29 was 
used to test for differences in plasma taurine concentrations be- 
tween Doberman Pinschers and all other breeds, between dogs re- 
ceiving cardiac medications and dogs not receiving cardiac medica- 
tions, and between dogs with and without signs of congestive heart 
failure. Graphical analysis and simple least-squares linear regres- 
sion was performed to test whether age could explain differences in 
taurine concentration in dogs with AVD at AMC.** Differences 
were considered significant when the probability of a type I error 
was <.05. 

Results 
Paired analysis of the samples (t- te~t*~) showed that the 

anticoagulant used did significantly affect taurine concen- 
trations ( P  < .Ol). Plasma taurine concentrations were 
higher in 11 of 13 samples when heparin was used as the 
anticoagulant (heparin mean = 80.2 nmol/mL, SD = 15.8 
nmol/ml; citrate mean = 67.6 nmol/mL, SD = 13.1 nmol/ 
mL; mean difference = 12.5 nmol/mL, SD = 16.7 nmol/ 
mL, range = -24 to 42 nmol/mL, n = 13). Because of this, 
results from the 2 clinics were analyzed separately. 

All dogs in this study had plasma taurine concentrations 
less than 250 nmol/mL (Fig I), except for 1 dog (UCD) with 
AVD that had plasma taurine concentrations of 550 nmol/ 
mL, was considered an outlier, and was thus excluded from 
the remainder of the analysis. A significant difference in 
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Fig 1.  Plasma taurine concentrations in normal (control) dogs 

and dogs with AVD and DCM at the AMC and the UCD. Each point 
represents an individual dog. 
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plasma taurine concentrations between disease groups was 
found in the dogs at AMC (Fig 2). Plasma taurine concen- 
trations in dogs with AVD were significantly higher (me- 
dian, 133 nmol/mL; range, 25 to 229 nmol/mL, n = 21) 
than those in dogs with DCM (median, 72 nmol/mL; range, 
1 to 247 nmol/mL, n = 22) or those in control dogs (median, 
63 nmol/mL; range, 44 to 224 nmol/mL, n = 2 1 ) (P < .OO 1). 

No difference in plasma taurine concentrations between 
disease groups was detected at UCD ( P  = .09); however, the 
number of dogs with AVD was small (n = 5). Dogs with 
AVD tended to be older than dogs with DCM and control 
dogs; graphical analysis and simple least-squares linear re- 
gression2* showed that regressing plasma taurine concentra- 
tions on age did not help explain the differences in taurine 
concentration observed at AMC (slope = -1.8 nmol/mL/y, 
R2 = .03). Although the range of plasma taurine concentra- 
tions in dogs with DCM was broader than in control dogs, 
plasma taurine concentrations in dogs with DCM were not 
significantly different ( P  = .07) from those in control dogs at 
either clinic (Fig I).  Of the dogs with heart disease, and 
within each disease category, there were no significant 
differences (P = . I  I )  in plasma taurine concentrations be- 
tween dogs with objective clinical evidence of congestive 
heart failure (n = 47) and dogs without evidence of conges- 
tive heart failure (n = 57) at either AMC or UCD. Nor was 

250 1 I * I 1 

a 
E 
eL 
3 
4 

150 - 

e 100 - 

50 - 
I 

i 

I 
0 

AVD DCM NORMAL 

DISEASE 

Fig 2. Box plots of plasma taurine concentrations in dogs at the 
AMC grouped by disease. The box encloses the middle 50% of the 
data. The center line of the box is the median. The hour glass 
shaped portion of the box inscribes the 95% confidence level around 
the median. The "whiskers" denote the range unless there are out- 
liers, in which case the whiskers extend 1.5 times the range of the 
box above the box. *Data point beyond the range of the whiskers 
less than 3 times the range of the box above the upper extent of the 
box. 0 Data point lying greater than 3 times the range of the box 
above the upper extent of the body. Points denoted by * and 0 
should be interpreted as "outliers." 

there a significant difference (0.15) in plasma taurine con- 
centrations between dogs receiving cardiac drugs (n = 70) 
and those not receiving drugs (n = 34). 

Although plasma taurine concentrations were higher in 
Doberman Pinschers than in all other breeds with DCM 
combined (median = 89 nmol/mL, range = 20-184 nmoll 
mL, n = 17 and median = 66 nmol/mL, range = 0 to 149 
nmol/mL, n = 3 1, respectively) at UCD, the difference was 
not statistically significant. Within the DCM cohort (Fig 2) 
at AMC, Doberman Pinschers had statistically significant 
higher plasma taurine concentrations (median = 95 nmoll 
mL, range = 42 to 247 nmol/mL, n = 17) than all other 
breeds (median = 43 nmol/mL, range = 1 to 203 nmol/mL, 
n = 10) (Fig 3) (P = .015). 

Among the control dogs at AMC and UCD, plasma tau- 
rine concentrations were (judging from normal probability 
plotsz9) normally distributed. One AMC control dog had 
much higher (220 nmol/mL) plasma taurine concentrations 
than the next highest AMC control dog (1 14 nmol/mL). Ex- 
cluding this 1 dog, the mean ? 1 SD plasma taurine concen- 
trations of the UCD and AMC control dogs were 91 k 30 
nmol/mL and 64 & 16 nmol/mL, respectively. The lowest 
plasma taurine concentrations in control dogs were 44 
nmol/mL (AMC) and 52 nmol/mL (UCD). On the basis of 
these observations and an approximation of the mean k 2 
SD, a value of less than 25 nmol/mL was chosen as the lower 
limit of normalcy for plasma taurine concentrations in dogs 
at AMC and UCD. 

Of the I5 1 dogs in the study, 14 dogs (9 from UCD and 5 
from AMC) had plasma taurine concentrations less than 25 
nmol/mL. All but one of these dogs had DCM. Therefore, 
13 of 76 ( 1  7%) of the dogs with DCM had plasma taurine 
concentrations less than 25 nmol/mL. Only I of 33 Dober- 
man Pinschers (3%) with dilated cardiomyopathy had 
plasma taurine concentrations less than 25 nmol/mL. Con- 
versely, 4 of 6 Golden Retrievers and 3 of 3 Cocker Spaniels, 
all with DCM, had a plasma taurine concentration less than 
25 nmol/mL. 

Discussion 
Thus far, the etiology ofDCM in the vast majority ofdogs 

is unknown. Consequently, it is important to identify any 
potential cause for this disease. An association between low- 
plasma taurine concentrations and DCM has been reported 
in cats" and foxes.23 Development of myocardial failure in 
some cats fed taurine-depleted diets2','' and the reversibility 
of myocardial failure in taurine-deficient cats with DCM af- 
ter taurine ~ u p p l e m e n t a t i o n ~ ~ ~ ' ~ ~ ~ '  add credence to the hy- 
pothesis that measurably low plasma taurine concentrations 
precede the development of myocardial failure in this spe- 
cies. This association prompted the present investigation in 
dogs with cardiac disease. Most cats with DCM have plasma 
taurine concentrations less than 25 n m ~ l / m L . ' ~ . ~ ~  Conse- 
quently, and as a result of the data obtained in clinically 
normal control dogs, a similar value was chosen as the lower 
limit of normalcy for use in this study in dogs. 

No significant differences in mean plasma taurine con- 
centrations were detected between control dogs and those 
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Fig 3. Box plots of plasma taurine concen- 

trations in Doberman Pinschers and non-Do- 
berman Pinschers with DCM. (A) AMC; (B) 

DOBERMAN PINSCHER UCD. 

with DCM at either hospital. Therefore, low plasma taurine 
concentrations are not a characteristic feature of dogs with 
DCM. The only potentially important finding in regard to 
plasma taurine concentrations in dogs with DCM is that in 2 
breeds, Cocker Spaniels and Golden Retrievers, the plasma 
taurine concentrations were low in a high percentage of 
dogs, although the number of dogs evaluated was too small 
to draw meaningful conclusions. There were no Cocker 
Spaniels or Golden Retrievers among the control dogs or 
dogs with AVD. Although the sample sizes were small, the 
data support examining the possible association between 
low plasma taurine concentrations and DCM in Cocker 
Spaniels and Golden Retrievers. A multicenter study evalu- 
ating this association in Cocker Spaniels is currently un- 
derway. 

Identifying low plasma taurine concentrations in some 
Cocker Spaniels and Golden Retrievers with DCM does not 
establish cause and effect in these breeds. This conclusion 
awaits data on plasma taurine concentrations from specific 
breeds with DCM, taurine-deficient dogs with DCM supple- 
mented with taurine, and experimental reproduction of 
myocardial failure in taurine-depleted dogs. 

The cause of the low plasma taurine concentrations re- 
ported in some dogs with DCM in this study is unknown. 
Hypothetical causes include impaired ability to absorb tau- 
rine (eg, gastrointestinal bacterial overgrowth and mem- 
brane transport defect), abnormal enterohepatic circulation 
of taurine-conjugated bile acids, inability to substitute gly- 
cine for taurine in conjugating bile acids, and enhanced uri- 
nary excretion of taurine. In cats the state of commercial 
dietary processing may affect the extent of taurine degrada- 
tion in the gut, with cooked diets associated with a greater 
degree of degradation than uncooked diets3' The impor- 
tance of gut microflora in determining the taurine status has 
been shown in cats.31 

Of the dogs evaluated at AMC, plasma taurine concentra- 
tions were highest in dogs with AVD. Assessment of this 
association could not be made at UCD because of the small 
number of dogs with AVD evaluated. The importance of 
high plasma taurine concentrations in dogs with acquired 
valvular disease is unknown. One possible explanation is 
that the high plasma taurine concentrations may be part of 

a mechanism to provide the stressed myocardium a larger 
pool of taurine for active transport across the sarcolemma. 
The liver is a major source of taurine synthesis for export 
into the One might therefore expect a higher L- 
cystine-sulfinate carboxylase (EC 4. I. 1.29) activity in dogs 
with AVD compared with control dogs if this hypothesis is 
valid. Alternatively, the higher plasma taurine concentra- 
tions in dogs with AVD may be a direct result of feeding 
behavior of owners of dogs with AVD (generally small 
breeds) versus owners of dogs with DCM (generally large 
breeds), or it may be an artifact secondary to enhanced re- 
lease of taurine from platelets or other blood elements dur- 
ing more difficult venipuncture in small dogs with AVD. 
Although enhanced sympathetic tone due to heart fail- 
ure11,13 and/or associated myocardial stress is thought to in- 
crease myocardial taurine influx,'.'' serum taurine concen- 
tration is not high in rabbits with experimentally induced 
heart failure.33 It is also unlikely that the higher plasma tau- 
rine concentrations in dogs with AVD resulted from leakage 
from intracellular stores secondary to metabolic abnormal- 
ities associated with heart failure, because the dogs with 
DCM and heart failure did not have a similar increase in 
plasma taurine concentrations. In cats with dilated cardio- 
myopathy, there is no relationship between presence or ab- 
sence of congestive heart failure and plasma taurine concen- 
trations, so it was not surprising to find no relationship in 
dogs either." 

Different anticoagulants were used at the 2 clinics in this 
study because the studies were initiated independently. That 
the anticoagulant used made a difference is not a new find- 
ing.34-36 Despite the difference in anticoagulant and the mi- 
nor differences in the design of these 2 studies, similar con- 
clusions can be drawn from the population of dogs at each 
clinic. 

Diet history and time of last feeding before sample collec- 
tion was not included in the study analysis. These were not 
included because of the large varieties of commercial foods 
fed, possible inaccuracies or incompleteness of diet histo- 
ries, and variations in gastric emptying between individuals. 
We do not think that the commercial foods fed to the dogs 
in this study had an important effect on plasma taurine con- 
centrations. Diet does affect plasma taurine concentrations 
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in cats;I7 however, taurine is an essential amino acid in cats 
but it is nonessential in dogs.24-26 Plasma taurine concentra- 
tions in cats are extremely labile because even in the face 
of dietary taurine restriction, cats exclusively conjugate bile 
acids with taurine, whereas dogs can use either taurine or 
gly~ine.’~.’~ Enterohepatic circulation is efficient in the dog, 
and little synthesis of taurine is required to replace fecal 
Ioss.37 

Most dry dog foods are cereal- and soybean-based, and 
contain little or no t a ~ r i n e . ” , ~ ~  Canned meat diets do con- 
tain more taurine, and the difference in plasma taurine con- 
centrations in dogs with AVD (generally smaller dogs) ver- 
sus those with DCM (generally larger breed dogs) may 
partially be explained on the basis of economics. It is possi- 
ble that because larger dogs consume more food and canned 
foods cost more than dry foods, small rather than large dogs 
are more likely to be fed canned diets. 

The relationship between the time food was last con- 
sumed and blood sampled in our study dogs was variable 
and usually not recorded. The time between the last meal 
and the time of blood sampling may be important in cats, 
which rely on exogenous taurine intake.24,25.40 Fasting for 
48 hours has no significant effect on plasma or myocardial 
taunne concentration in rats, another species in which tau- 
rine is not an essential amino acid!’ 

We conclude that plasma taurine concentrations may be 
increased in dogs with AVD and that most dogs with DCM 
do not have taurine deficiency. However, there may be cer- 
tain breeds or individual dogs that have low plasma taurine 
concentrations in association with DCM. Whether this is 
a consistent finding in certain breeds, whether or not the 
association is causal, and whether or not DCM in dogs with 
low plasma taurine concentrations respond to taurine sup- 
plementation remains to be determined. 

References 
I .  Peterson MB, Mead RJ, Welty JD. Free amino acids in con- 

gestive heart failure. J Mol Cell Cardiol 1973;5: 139-147. 
2. Huxtable, RJ, LA Sebring. Cardiovascular Actions of Tau- 

rine. In: Sulfur Amino Acids: Biochemical and Clinical Aspects. 
New York: Alan R. Liss; 19835-37. 

3. Franconi F, Stendardi 1, Matucci R, et al. Inotropic effect of 
taurine in guinea-pig ventricular strips. Eur J Pharmacol 1984; 102: 
511-514. 

4. Read WO, Welty JD. Effect of taurine on epinephrine and 
digoxin induced irregularities of the dog heart. J Pharmacol Exp 
Ther 1963; 139:283-289. 

5. Hinton JR, Souza JD, Gillis RA. Deleterious effects oftaurine 
in cats with digitalis-induced arrhythmias. Eur J Pharmacol 
1975;33:383-387. 

6. Chovan JP, Kulakowski EC, Benson BW, et al. Taurine en- 
hancement of calcium binding to rat heart sarcolemma. Bio- 
chemica et Biophysica Acta 1979; 55 1 : 129-1 36. 

7. McBroom MJ, Welty JD. Effect of taurine on heart calcium 
in the cardiomyopathic hamster. J Mol Cell Cardiol 1977;9:853- 
859. 

8. Lampson WG, Kramer JH, Schaffer SW. Potentiation of the 
actions of insulin by taurine. Can J Physiol Pharmacol 1983;61: 

9. Thurston JH, Hauhart RE, Naccarato EF. Taurine: possible 
457-463. 

role in osmotic regulation of mammalian heart. Science 1981;214: 
1724-1729. 

10. Huxtable RJ, Chubb J, Azari J. Physiological and experi- 
mental regulation of taurine content in the heart. Federation Proc 
1980; 39:2685-2690. 

1 I .  Huxtable R, Chubb J. Adrenergic stimulation of taurine 
transport by the heart. Science 1988; 198:409-411. 

12. Chubb J, Huxtable R. Transport and biosynthesis of taurine 
in the stressed heart. In: Barbeau A, Huxtable RJ, ed. Taurine and 
Neurological Disorders. New York, NY: Raven Press; 1978: 161. 

13. Huxtable R, Bressler R. Elevation of taurine in human con- 
gestive heart failure. Life Sciences 1974; 14: 1353-1 359. 

14. Chubb J, Huxtable R. The effects of isoproterenol on taurine 
concentration in the rat heart. Eur Jour Pharmacol 1978;48:357- 
367. 

15. Newman WH, Frangakis CJ, Grosso DS, et al. Relation be- 
tween myocardial taurine content and pulmonary wedge pressure 
in dogs with heart failure. Physiol Chem Phys 1977;9:259-263. 

16. Azuma J, Takihara K, Awata N, et al. Beneficial effect of 
taurine on congestive heart failure induced by chronic aortic regur- 
gitation. Res Commun Chem Pathol Pharmacol 1984;45:26 1-270. 

17. Pion PD, Kittleson MD, Rogers QR, et al. Myocardial failure 
in cats associated with low plasma taurine: A reversible cardiomy- 
opathy. Science 1987;237:764-768. 

18. Pion PD, Kittleson MD, DeLellis LA, et al. Persistent recov- 
ery of myocardial function in cats with dilated cardiomyopathy sec- 
ondary to taurine deficiency: One year follow-up. Circulation 
1988; 178:340 (suppl2) 

19. Fox PR. Critical care cardiology. Vet Clin North AM 
1989; l9:1095-1123. 

20. Pion PD, Kittleson MD, Skiles ML, et al. Dilated cardiomy- 
opathy associated with taurine deficiency in the domestic cat: rela- 
tionships to diet and myocardial taurine content. In: Lombardini 
JB, Schaffer SW, Azuma J (eds). Advances in Experimental Medi- 
cine & Biology. Vol 315: Taurine. Nutritional Value and Mecha- 
nism of Action. New York, NY: Plenum; 199253-73. 

2 I .  Pion PD, Sturman JA, Rogers QR, et al. Feeding diets that 
lower plasma taurine (tau) concentrations causes reduced myocar- 
dial mechanical function in cats. FASEB 1988;2:A1617. 

22. Pion PD, Kittleson MD, Rogers QR, et al. Taurine defi- 
ciency myocardial failure in the domestic cat. In: Pasante-Morales 
H, ed. Taurine: Functional Neurochemistry, Physiology, and 
Cardiology. New York, NY: Wiley-Liss Inc; 1990:423-430. 

23. Moise NS, Paccioretty LM, Kalfelz FA, et al. Dietary taurine 
deficiency and dilated cardiomyopathy in the fox. Am Heart J 
I99 1; 12 154 1-548. 

24. Hayes KC. Taurine nutrition. Nutr Res Rev 1988; 1:99-113. 
25. Knopf K, Sturman JA, Armstrong M, et al. Taurine: An es- 

sential nutrient for the cat. J Nutr 1978; 198:773-778. 
26. Rogers QR, Moms JG. Protein and amino acid nutrition of 

the cat. Am An Hosp Assoc Proc 1983;333-336. 
27. Sokol RR, Rohlf FJ. Biometry. New York, NY: Freeman & 

Co.; 1981:359. 
28. Neter J, Wasserman W, Kutner MH. Applied Linear Statis- 

tical Models. Homewood Irwin; 1985; 125-127,638-643. 
29. Snedecor GW, Cochran WG: Statistical Methods (7th ed). 

Ames, 1owa;’lowa State Press: 144-146; 1980. 
30. Hickman MA, Rogers QR, Moms JG. Effect of processing 

on fate ofdietary (I4C) taurine in cats. J Nutr 1990; 120:995-1000. 
3 1. Morris JG, Rogers QR, Kim SW, et al. Dietary taurine re- 

quirement of cats is determined by microbial degradation oftaurine 
inthegut. VetClinNutr 1994;1:118-127. 

32. Hayes KC: Taurine requirement in primates. Nutrition Re- 
views 1985;43:65-70. 



258 KRAMER ET AL 

33. Takihara K, Azuma J,  Awata N, et al. Beneficial effect of 
taurine in rabbits with chronic congestive heart failure. Am Heart J 

34. Trautwein EA, Hayes KC. Taurine concentrations in plasma 
and whole blood in humans: estimation of error from intra- and 
interindividual variation and sampling technique. Am J Clin Nutr 
1990;52:758-764. 

35. Scriver CR, Clow CL, Lamm P. Plasma amino acids; screen- 
ing. quantitation, and interpretation. Am J Clin Nutr 197 I ;24:876- 
890. 

36. Connolly BM, Goodman HO. Potential sources of errors in 
cation-exchange chromatographic measurement of plasma taurine. 
Clin Chem 1980;26:508-510. 

1 12; 1986: 1278- 1284. 

37. Bunch SE. Characterization ofserum bile acids in dogs. Proc 
8th Annual ACVIM Forum. 1990;753-756. 

38. Lewis KD, Morns ML, Hand MS. Nutrients in Small Ani- 
mal clinical Nutrition 111. Topeka, KS: Mark Moms Assoc; 1987% 
13-1-1 5.  

39. Banta CA, Burrows CF, Garvey MS, et al. Predominant in- 
gredients of commercial dog foods. In: Canine Nutrition and Feed- 
ing Management. New York, NY: Alpo Pet Center; 1984: 17. 

40. Pion PD, Greene K, Lewis J,  et al. Fasting causes significant 
reductions in plasma taurine concentrations (Abstract). J Vet Int 
Med 1989;3: 126. 

41. Reibel DK, Shaffer JE, Kocsis JJ, et al. Changes in taurine 
content in heart and other organs of diabetic rats. J Moll Cell 
Cardiol 1970; 11:827-830. 


