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ABSTRACT. Taurine concentrations in plasma, platelets, 
lymphocytes, granulocytes, erythrocytes, and urine were 
measured in 19 children who were undergoing long-term 
home parenteral nutrition for 27.4 k 7.1 (SEM) months. 
The parenteral solutions contained methionine, but not 
taurine or cysteine. The patients' plasma, platelet, and 
urine taurine concentrations were significantly reduced to 
54, 48, and 16%, respectively, of the values from normal 
children of similar ages. The most significant reductions in 
plasma and platelet taurine concentrations were observed 
in the children who were estimated to absorb less than 5% 
of their daily calorie needs from the enteral tract. Lympho- 
cyte and erythrocyte taurine levels tended to be lower but 
were not significantly different from those in normal chil- 
dren. The patients' plasma methionine and cystine levels 
were not different from normal. There was a direct corre- 
lation between plasma and platelet taurine concentrations 
and between plasma and urine taurine. Both plasma and 
platelet taurine tended to be directly correlated with age 
and, after the 1st yr of total parenteral nutrition, with the 
duration of total parenteral nutrition therapy. (Pediatr Res 
21: 399-403, 1987) 

Abbreviations 

TPN, total parenteral nutrition 
ERG, electroretinograms 
SSA, sulfosalicylic acid 
CSAD, cysteine sulfinic acid decarboxylase 

The question of whether taurine (2-aminoethanesulfonic acid) 
may be an indispensable amino acid for humans has been the 
subject of much research in recent years. Studies in premature 
and term infants have shown that a low or absent dietary taurine 
intake (either from formula feedings or parenteral nutrition 
solutions) is associated with low plasma and urine taurine levels 
(1-5). We have previously reported that children undergoing 
long-term TPN at home with solutions that do not contain 
taurine have low plasma taurine levels and abnormal ERG (6). 
These studies suggest that taurine is an indispensable amino acid. 

However, taurine, which is one of the most abundant free 
amino acids (i.e. not bound in peptides or protein) in the human 
body, resides almost entirely within the cell. Intracellular taurine 
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concentrations are usually among the highest of any amino acid, 
while plasma taurine concentrations normally are rather low in 
comparison to other plasma amino acid levels (7- 13). Thus, even 
though the plasma taurine concentrations in patients not receiv- 
ing exogenous taurine are low, this may not reflect the status of 
the intracellular or total body pools of taurine. Abnormally low 
plasma taurine could reflect an intracellular shift rather than a 
reduction in body taurine pools. To obtain information as to 
whether a chronically low or absent taurine intake leads to 
depletion of the large intracellular compartments of taurine in 
the body, we measured taurine concentrations in the most readily 
accessible cells-platelets, lymphocytes, granulocytes, and red 
cells-as well as in plasma and urine. Specimens were obtained 
from normal children and children undergoing long-term par- 
enteral nutrition without taurine. 

METHODS 

The study group consisted of 19 infants and children, aged 
53.6 + 11.4 (SEM) months, who had undergone home parenteral 
nutrition for an average of 27.4 & 7.4 months. Thirteen of the 
19 children began TPN within the 1st month of life. The indi- 
cations for parenteral nutrition in the children are listed in Table 
1. The most common indication was congenital short bowel 
syndrome; this was present in seven children, each of whom had 
a small intestine length of less than 30 cm. The child with protein- 
losing enteropathy from radiation enteritis had been free of 
tumor (neuroblastoma) for 2.5 yr when he was studied. At the 
time of blood sampling, all patients were clinically stable. Four- 
teen children (six males, eight females) served as normal controls. 
Their mean age was 63.2 + 10.1 months, which was not different 
from the patient group. 

Every 2 or 3 months the patients or their parents underwent a 
dietary interview with a 24-h recall that was sometimes aug- 
mented with a 3-day dietary diary. All dietary interviews were 
conducted by a single research dietician. The quantity of calories 
absorbed from the intestinal tract was estimated from dietary 
histories, serum carotene levels, and from knowledge of whether 
the remaining length of small intestine was too short to allow 
absorption of substantial calories. Some children also underwent 
72-hr fecal fat measurements. These estimates were made with- 
out knowledge of the patient's plasma, blood cell, or urine taurine 
concentrations. Patients were classified into group 1 (1 1 patients) 
or group 2 (eight patients) according to whether their estimated 
daily enteral absorption of calories was either less than 5% or 
5% or greater of their requirement. Two group 1 patients did not 
eat at all. In contrast, three group 2 patients were estimated to 
absorb between 35 and 50% of their estimated energy needs. 

Patients were infused with 1 to 3 liter/day of solutions which 
contained dextrose, 15 to 25%, and amino acids, 2.0 or 4.25% 
Travasol (Travenol Laboratories, Deerfield, IL) that provided 
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Table 1. Characteristics ~J'children undergoing long-term 
oarenteral nutrition 

Children 
( n =  19) 

Males/femalcs 
Age (mo) 
Duration of TPN (mo) 
Gastrointestinal disorders 

Jcjunoileal atresia 
Chronic idiopathic intestinal pseudoobstruction 
Trauma to pancreatic-biliary tree/intestine 
Mid-gut volvulus 
Omphaloccle/gastroschisis 
Radiation enteritis 

* Values are expressed as mean and range. 

800 to 1700 mg/liter methionine and no cysteine. Lipids were 
provided from 1 to 7 days each week as 10 or 20% Intralipid 
(Cutter Laboratories, Emeryville, CA) or 10% Liposyn (Abbott 
Laboratories, North Chicago, IL). Vitamin Bg, an enzyme cofac- 
tor in the pathway of taurine biosynthesis, was supplied in the 
standard intravenous vitamin preparations, MVI-12 (4.0 mg 
pyridoxine HCl/day, 82.6% pyridoxine, supplied in a 10-ml vial) 
or MVI-Pediatric (1.0 mg pyridoxine HCl/day in a 5-ml vial) 
(USV-Revlon, Tarrytown, NY). MVI-Pediatric was only given 
to children less than 1 yr of age. Trace element additives to the 
TPN solutions included zinc, 2 mg/liter, copper, I mg/liter, 
selenium, 20 pg/liter, and chromium, 2 pg/liter. Parenteral nu- 
trition was infused over an 8- to 12-h period starting at about 
2000 to 2200 h as previously described (14). Fifteen patients 
received parenteral nutrition daily, and in three group 2 patients 
parenteral nutrition was administered 6 days per week. 

Blood for amino acid analysis was drawn from each patient 
on a single occasion between 1300 and 1600 h during the 
postabsorptive state (6-8 h after completion of the nightly par- 
enteral infusion and 6-8 h after their last meal if they ate). Blood 
was obtained from the normal controls postabsorptively, between 
1300 and 1500 h, 6-8 h after their last meal. The blood was 
anticoagulated with EDTA or heparin and placed on ice. Plasma 
and blood cells were separated and prepared for amino acid 
analysis as previously described (13). Plasma was deproteinized 
with SSA, 22.5 mg for each 0.5 ml plasma. Blood cells were 
separated on Percoll gradients, by a method adapted from Pertoft 
el a/. (1 5). The various cell layers were separated and then pelleted 
and resuspended several times in O.15M NaCl to wash the cells. 
Finally, 250 p1 of 5% (w/v) SSA were added to the cell pellets, 
and the deproteinized supernatant was removed after centrifu- 
gation. Control studies indicated that the contamination of any 
cell fraction with other types of blood cells was small and did 
not affect the measured taurine concentrations (13). Attempts 
were made to collect 24-h urine specimens, but usually the 
quantity obtained was less than a full day's collection. Therefore, 
urine creatinine was also measured, and the urine amino acid 
concentrations are expressed per g of creatinine. 

The urine and deproteinized plasma and blood cell specimens 
were frozen overnight at -20" C and thereafter at -70" C until 
analysis. Samples were analyzed for amino acids within 14 days 
of collection with a Beckman 121 MB Amino Acid Analyzer 
(Beckman Instruments Inc., Fullerton, CA) using a single col- 
umn, 3 buffer lithium citrate elution system as previously de- 
scribed ( 1  6). Taurine was measured in plasma, platelets, lympho- 
cytes, granulocytes, erythrocytes, and urine. Methionine and 
cystine were measured only in plasma because the yield of these 
amino acids from blood cells by our techniques was too low to 
quantify. Creatinine was measured by the picric acid method 
using a Beckman creatinine analyzer. 

Nutritional assessment was carried out using standard anthro- 
pometric techniques (17-19) and included height or length de- 

pending on maturation of the child, body weight, midarm cir- 
cumference, arm muscle area, and triceps and subscapular skin- 
fold thickness. These findings are reported as Z-scores, calculated 
for chronologic age, as previously described (1 8). Data for normal 
children were taken from the HANES I study and the analyses 
of Frisancho (19, 20). Serum creatinine, albumin, triglycerides, 
cholesterol, glutamate-oxaloacetate transaminase, bilirubin, and 
alkaline phosphatase were measured in the UCLA Clinical Lab- 
oratories. Zinc levels were determined by atomic absorption 
spectrophotometry, vitamin B6 by radioenzymetric assay of pyr- 
idoxal-5-phosphate activation of tyrosine decarboxylase, and vi- 
tamin A by HPLC (American Bioscience Laboratories, Van 
Nuys, CA). 

Statistical analyses were carried out by multiple t tests. For the 
statistical comparison of taurine concentrations in plasma, blood 
cells, and urine, a preliminary comparison was carried out be- 
tween the values in the normal control subjects and in all 19 
patients using the Bonferroni method (21). Since taurine was 
measured in six different biologic fluids or cells, the large number 
of comparisons might be expected to randomly yield some 
differences significant at the 0.05 level. Therefore, for the differ- 
ence in values between the normal subjects and the 19 patients 
to attain statistical significance at p < 0.05, the calculated p value 
for an individual comparison had to be < 0.008 (i.e. 0.05 divided 
by the six separate comparisons). For the three-way comparisons 
between the normal subjects and the two patient groups (normal 
versus group 1, normal versus group 2, group I versus group 2), 
a difference in values was considered statistically significant at p 
< 0.05 if the calculatedp value was 0.0028 or lower (0.05 divided 
by 18 comparisons). If these latter p values were statistically 
significant by this screening criterion, then the actual p value, 
calculated by a simple nonpaired t test, is reported. Correlations 
between concentrations in plasma, urine, or blood cells were 
performed by linear regression analysis. Variance is expressed as 
SEM. These studies wee approved by the UCLA Human Subject 
Protection Committee. 

RESULTS 

The estimated parenteral and oral intake and enteral absorp- 
tion of calories of the patients are shown in Table 2. The enteral 

Table 2. Nutritional intake of children undergoing long-term 
parenteral nutrition 

All patients Group I* Group 2* 
(n = 19) (n = 1 1 )  (n = 8) 

Intake from parenteral nu- 
trition 

Cal (kcal/kg/day) 
11-glucose (g/kg/day) 
Lipid (g/kg/day) 
Amino acids (g/kg/day) 
Methionine (g/kg/day) 

Oral food intake 
Quantity estimated to be 

ingested 
Cal (kcal/kg/day) 
Carbohydrate (g/kg/ 

day) 
Fat (g/kg/day) 
Protein (g/kg/day) 

Quantity estimated to be 
absorbed 

Cal (kcal/kg/day) 

*Group I and Group 2 patients are estimated to absorb from the 
enteral tract less than 5% and greater than 5%, respectively, of their 
estimated daily calorie needs. 

t Mean + SEM. 
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intake of food was very limited in group 1 patients. Five of the 
group 1 patients absorbed less than 2% of their daily calorie 
needs from the enteral tract. Only three patients in group 2 were 
estimated to absorb greater than 25% of their daily calorie 
requirements from the intestinal tract. 

The clinical and biochemical parameters of nutritional status 
are shown in Table 3. The height and weight of these patients 
were generally within one Z-score measure of normal values, 
calculated for chronologic age, although the patients tended to 
be of short stature and to weigh more than normal. Arm muscle 
area and triceps skinfold thickness was significantly increased in 
comparison to published normal values (19). Serum total protein, 
albumin, zinc, and vitamin A and plasma vitamin B6 values were 
normal. 

The plasma, blood cell, and urine taurine concentrations are 
shown in Table 4. In the combined group of 19 patients, taurine 
levels were significantly decreased in plasma, platelets, and urine 
by 40, 42, and 84%, respectively, as compared to normal con- 
trols. In the group 1 patients, these reductions were even greater 
and averaged 58, 59, and 84%, respectively, of the control values 
in plasma, platelets, and urine. In the group 2 patients, the 
taurine concentrations were less reduced and only significantly 
decreased in urine. There was also a tendency, not statistically 

Table 3. Anthropometric and biochemical measures of 
nutritional status in children undergoing long-term TPN 

Patients (n = 19) 

Anthropometry 
Ht (cm) 

Z-score? 
wt (kg) 

Z-score 
Arm muscle area (mm2) 

Z-score 
Triceps skinfold (mm) 

Z-score 
Subscapular skinfold (mm) 

Serum chemistries 
Creatinine (mg/dl) 
Albumin (g/dl) 
Triglycerides (mg/dl) 
Cholesterol (mg/dl) 
GOT (U/I) 
Total bilirubin (mg/dl) 
Alkaline phosphatase (IJ/I) 

Zinc (ng/dl) 
Vitamin B g  (&dl) 
Vitamin A (mg/dl) 

* Mean t SEM. Numbers in parentheses indicate number of samples 
obtained if less than total number of subjects studied. 

t Z-scores calculated for chronologic age (18). 
$ Statistically different from normals: " p  < 0.05, 9 < 0.001. 

significant, for plasma, platelet, and lymphocyte taurine to be 
lower in group 1 as compared to group 2 children. 

The reduced urine taurinelcreatinine ratios in the TPN pa- 
tients may underestimate the degree of reduction in their urine 
taurine excretion because urine creatinine concentrations tended 
to be lower in the TPN patients (39.1 f 9.0 mg/dl) although not 
significantly so compared to the normal children (52.2 a 9.1 
mgldl). The lower urine creatinine levels in the TPN patients 
probably reflect their lower dietary intake of creatine and creat- 
inine. 

Plasma methionine and cystine levels in group 1 and group 2 
patients did not differ from the values in normal children and 
were not different in group 1 as compared to group 2 (Table 5). 
However, two children in group 2 but no patients in group 1 had 
plasma cystine concentrations more than 2 SDs below the normal 
mean. In no patient was the plasma methionine level 2 SDs 
below the normal mean. No significant relationship was observed 
between the amount of methionine supplied from the TPN 
solutions and plasma methionine, cystine, or taurine. 

There was a direct correlation between taurine levels in plasma 
and platelets ( r  = 0.6 1, n = 19, p < 0.0 1) and in plasma and 
urine ( r  = 0.79, n = 10, p < 0.01) as shown in Figures 1 and 2 
(in each case, a single outlier has been excluded from the calcu- 
lated analysis). There was also a direct correlation between the 
age of the children and platelet taurine concentrations ( r  = 0.46, 
n = 19, p < 0.05; excluding the outlier, r = 0.64, n = 18, p < 
0.01). Similarly, excluding one outlier, there was a correlation 
between age and plasma taurine levels ( r  = 0.63, n = 18, p < 
0.01). After the first 12 months of TPN, plasma and platelet 
taurine concentrations each correlated with the duration of TPN 
(plasma taurine: r = 0.77, n = 7, p < 0.05; platelet taurine: 
excluding one outlier r = 0.82, n = 6, p < 0.01). There were no 
other significant correlations between cellular taurine concentra- 
tions in the various cells, or between cellular taurine concentra- 
tions and age or duration of TPN. 

DISCUSSION 

Although taurine is not found in mammalian protein, it is the 
most or second most abundant free amino acid in the human 
body (7-12). There are approximately 10 g of taurine in adult 
humans, but there appears to be only a small rate of synthesis of 
taurine and few metabolic pathways (22). Premature and full- 

Table 5. Fasting plasma methionine and cystine levels 
 mollli liter) 

Normal All patients Group 1 Group 2 
( n =  14) (n = 19) (n = 1 1 )  ( n =  8) 

Methionine 24 + 2* 27 + 3 3 0 + 3  2 3 k 6  
Cystine 40 + 4 31 + 4  3 3 + 5  2 9 2 5  

* Mean + SEM. For each amino acid, there are no significant differ- 
ences among groups. 

Table 4. Fasting plasma, blood cell, and urine taurine levels in children undergoing long-term TPN 
- 

Normals All patients Group I* Group 2 t  
( n =  14) ( n =  19) ( n =  1 1 )  (n = 8) 

Plasma (lmol/liter) 52 + 3$ 28 t 49" 22 + 4 h  36 + 8 
Platelets (nmol/109 cells) 294 t 23 (12) 169 + 30" 120 + 20" 239 + 59 
Lymphocytes (nmol/ l O9 cells) 4845 + 571 (13) 3266 2 577 (17) 2806 + 729 (10) 3922 + 946 (7) 
Granulocytes (nmol/ 1 09 cells) 1 1268 + 1899 (10) 14383 2 2594 (17) 14869 + 3618 (10) 13687 + 3922 (7) 
Erythrocytes (nmol/109 cells) 4.2 + 0.5 (12) 3.4 + 0.7 3.6 a 1.0 2.9 + 1.0 
Urine (mg/g creatinine) 182 + 87 ( I  1) 30 + 3.9 (12)' 29 + 5.3 (7)b 30 + 6.3 (5)" 

*Group 1 are children estimated to absorb enterally less than 5% of their calculated energy needs. 
t Group 2 are children estimated to absorb enterally greater than 5% of their calculated energy needs. 
$ Mean + SEM. Numbers in parentheses indicate the sample size when it is less than the total number of individuals in the group. 
§ Statistically different from normals: " p < 0.005, " p < 0.00 1. 
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PLASMA TAURINE ( y m o l e s / l ~ l e r )  

Fig. 1. The direct correlation between plasma and platelet taurine 
concentrations in 19 children undergoing long-term TPN without tau- 
rine. Open and closed circles indicate the patients in whom enteral 
absorption of calories was estimated to be less than 5% (group 1) or 
greater than 5% (group 2), respectively, of their daily calorie require- 
ments. The diagonal line indicates the least squares regression equation. 
The one outlier with a platelet taurine concentration of 578 nmol/109 
cells was omitted from these calculations. 

PLASMA TAURINE (pmoles/ l i ler)  

Fig. 2. The direct correlation between plasma and urine taurine in 
10 children undergoing long-term TPN without taurine. Symbols are 
described in the legend to Figure I. 

term newborns who are fed formula diets or given parenteral 
nutrition lacking taurine have decreased plasma and urine tau- 
rine; however their growth rate, nitrogen balance and serum 
albumin, globulin, cholesterol, and urea concentrations remain 
normal (1-5). In a previous study we showed that children 
undergoing long-term TPN without taurine had low plasma 
taurine levels (6). 

Since most of the taurine in the body is intracellular, it is 
possible that intracellular taurine and total body taurine may be 
normal even though plasma pools are reduced. The present study 
was, therefore, undertaken to examine whether intracellular tau- 
rine concentrations in blood cells are reduced in children 
undergoing long-term TPN without taurine and who have little 
or no enteral taurine intake. The results indicate that taurine 
levels are reduced in plasma, platelets, and urine of the long- 
term TPN patients, and that the values are particularly low in 
the group 1 patients who had the lowest intake and absorption 
of food. Group 2 contained three children who had a much 
greater degree of intestinal absorption (35-50% of their daily 
energy requirements). This may explain why this group showed 

no significant reductions in plasma or cellular taurine levels 
although their mean values tended to be lower than those of 
normal controls. It should also be noted that the Bonferroni 
method used for statistical analysis of differences between groups 
is an extremely conservative one; this method may not reveal 
small differences between groups which are nevertheless real 
(2 1 ). 

There are few pathways for taurine metabolism in humans (7, 
8, 22), and urinary taurine excretion may play an important role 
in regulating body taurine pools (23-26). Both group 1 and group 
2 patients showed a remarkable degree of renal conservation of 
taurine; their urinary taurine excretion averaged 16% of normal 
(Table 4). This reduction in urinary taurine excretion is probably 
one factor contributing to the reason the plasma and blood cell 
taurine levels in those patients with greater enteral absorption 
were closer to normal. 

The findings from the study are, in general, similar to our 
observations in adults undergoing long-term TPN without tau- 
rine (13). Plasma, platelet, lymphocyte, and red cell taurine 
concentrations were reduced in these individuals. Moreover, 
plasma and platelet values were lower in the adult patients who 
were estimated to absorb less than 25% of their estimated energy 
requirements than in those with greater intestinal absorption. 
Urine taurine excretion was also markedly reduced in both 
groups of adult patients (Vinton N, unpublished observations). 

In our pediatric TPN patients, both plasma and platelet taurine 
concentrations increased with age and, after the 1st yr of TPN, 
with duration of therapy. The plasma and platelet values still 
tended to be reduced in the oldest patients when compared to 
normal children (Table 4). This relationship between taurine 
concentrations and age or duration of TPN does not appear to 
be due to differences in intestinal absorption between the younger 
and older patients. 

The hepatic activity of two key enzymes in the biosynthetic 
pathway for taurine, CSAD and cystathionase, are low in fetal 
liver (8, 27). In adult liver, CSAD activity remains low, while 
cystathionase activity rises (8, 27). Hence, it is possible that the 
increase in plasma and platelet taurine with age may be due to a 
greater ability to synthesize taurine. 

The children undergoing longterm TPN did not receive intra- 
venous cysteine and had reduced enteral uptake and absorption 
of this amino acid. Studies have shown that plasma cystine levels 
are low in neonates (28, 29), cirrhotic patients (30, 31) and 
normal adults (3 1, 32) receiving intravenous methionine as the 
only source of sulfur amino acids. Hence, it is possible that a low 
intake of cysteine, which is a metabolic precursor of taurine, or 
inadequate conversion of intravenously administered methio- 
nine, could contribute to low taurine levels in these patients. 
However, the mean plasma cystine levels were not significantly 
reduced in either group 1 or group 2 patients (Table 5), although 
two group 2 patients did have levels more than 2 SDs below 
normal. Hence, it is not readily apparent that lack of availability 
of cystine is the cause of the low taurine concentrations in our 
children on TPN. Further work is clearly necessary in this area. 

Vitamin B6 is a cofactor for three enzymes involved in the 
biosynthesis of taurine (cystathionine synthase, cystathionase, 
and CSAD). Since our patients routinely receive intravenous 
pyridoxine HCl and their plasma pyridoxal-5-phosphate values 
were normal, it does not seem likely that vitamin Bg deficiency 
impaired their taurine synthesis and caused low body taurine 
pools. 

It is possible that the decreased intestinal mass or function in 
the long-term TPN patients in some way created a nutritional 
requirement for taurine that does not normally exist. Hence, the 
data from this study would not apply to normal children. This 
possibility is not considered to be likely because the children 
undergoing TPN had a number of different gastrointestinal dis- 
orders that caused this need for long-term TPN. Although some 
children had little or no intestinal tract or had chronic intestinal 
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inflammation and scarring, other children appeared to have a 
normal-sized gastrointestinal tract that probably functioned ab- 
normally because of neurologic lesions (Table 1). 

The present findings of low plasma platelet and urine taurine 
levels in childrcn undergoing long-term TPN without taurine 
suggest that these children have low body pools of this amino 
acid. Further studies are necessary to examine whether other 
intracellular taurine pools are also reduced in these patients, 
whether intravenous or oral cysteine will maintain normal tau- 
rine pools, and whether low taurine levels may cause adverse 
physiologic or clinical effects. 
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