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Taurine is the major free amino acid found in tissues of marine 
in vertehrates, aquatic animal s, and most mamma ls. incl uding 
man (I). Its name derives from the species, }Jos /al/I"IIS. in whose 
hil e it was iso la ted in I X27 (2). Taurine is an o ld molecule since 
it is presen t in invertehrate species, particularly sea crustacea. 
and since it was discovered in the gallhladder of an ox more than 
160 yr ago. T a urine is a (i-amino acid. with its a mine group 
residing o n the {:i-carho n, and it conta ins a sulfo nic acid in place 
of a earboxyl group. One unique feature is tha t it has a more 
acidi e ac id grou p , pKa I = 1.5 , and a more acidic a mmo nium 
group, pKa2 = XA, than a min o acid s bea ring a ca rhoxyl group 
(2). Alth o ugh ta urine is a re lati vel y inert end product of sulfur 
amino acid metaboli sm (3) arising from m ethi oni ne and cysteine. 
during the past decade a numher of ohservatio ns have in d icated 
several potentia ll y important biological ro les for thi s m olecu le 
which ha ve clinica l implications. 

With the initial reports that feeding preterm infa nts various 
fo rmulae was associated wi th red uced urine and plasma taurin e 
concentrations as compared to infants fed poo led human milk 
(4), questio ns emerged co ncerning the role of th is here tofore 
co nceived inert metaholite. The resu lt o f these co ncerns is the 
inclusion of taurin c, in concentrati o ns appro ximating th ose in 
h uma n milk. to m ost infant lormulae manufactured in the 
U nited States. Ta urin e now is added to hot h cow's milk and soy 
protein-based fo rmulae. Following taurine supplemen tati o n at 
30 IlM/dl, urinary and pl asma taurine concentration are essen
ti a ll y the sa mc as values fo und in human milk-fed infants (5). A 
higher proporti o n of bile aci ds are conj uga ted with ta urin e than 
with glycin e (lower G/T ratio) o ver the initial S wk of Iile (6). 
Non etheless, thi s supplementation docs not improve fat absorp
tion , a lte r hile ac id kinetics (7, X), or change in fa nt growth 
velocity (7 , 9). 

Despite these studies fa iling to indi cate a readil y de mo nstrable 
effect of tau rin e suppl em en tati on, several new studies suggest an 
important role fo r taurine in mamma lian and human nutrition . 
First, taurine is a remarkably preval ent amino acid o ften found 
in mill!molar quantities in various ti ssues (3) (T a hle I). It is 
prevalent in excitable tissues, in me mhra ne-ri ch cells. in cells 
that gencrate oxidants, and finall y wherc toxic substances-bik 
acids, oxidants, a nd xe nobiotics- prevail (2) . T a urine is the main 
free amino acid of gra nul ocytes where it forms a stable com
pound-taurine chloraminc-after reacting with hypochlorous 
acid (10). As indicated the taurinc co nte nt of va rious organs 
ranges from 2 to 30 mM/kg and in several visceral organs taurine 
is found in quantiti es cxceeding 10 mM / kg. It is paJ1 icu iarl y 
conce ntrated in two sites in the ret ina-the retina l pigment 
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epithelium and the pho toreceptor cell layer-at levels of 50 III M/ 
kg(11. 12). 

Thc loss of taur inc from the retina has bee ll shown to result 
in a variet y o f retinal abnormaliti es. Cats fed a taurine-dclicient 
d iet devcl o p both ret inal and tapetal lesions. The cat is particu
larl y susceptible to taurin e deplet ion since it has almost absent 
cysteine sulfini c acid dcca rbox vlase acti vit\'. the rate-limiting 
e ;1Zyme for taurine biosy nth esis-from and 
and becau sc feline species are obliged to conjugate the ir bile 
acids wi th tau ri ne (I. 2). Cats fed a taurine-free casei n diet 
develo p a gra nularity in their ret in ae with photoreceptor cell 
dege nerati o n. a hyperreflective white IOn c. an d nondetectabl e 
electrorctinograms (13). Taurine-deple ted cats a lso ha ve a di s
o rganized retin a l tapetulll ( 14). The usual a rra y of tapetal rods 
that re flect light back through the n:tina and enha nce retinal 
se nsiti vity in dim li ght undergocs di storti o n. Presumabl y th e 
night driver would not sec the shin y re fl ection of the eat's eye in 
a taurine-deprived tCi ine. New World monkeys fed taurine
deficient infant fo rmulae develop degenera ti o n of the co ne. hut 
not rod. pho torecepto r cell s ( 15). Retinal abnorm aliti es can occur 
in humans wi th intestin a l diso rde rs or in rats with surgicall y 
co nstructed blind loops: bacterial cataho lism acco unts for taurin e 
depletion (16). Fi nall y in childre n recciving lo ng- te rm total par
e nteral nutrition and who ingest a minimal am o unt of calories 
by the oral route. e lectrorc tinographic changes ca n be show n 
( 17). T hese changes in the B-wave of the e lectro re tin ogram 
reverse with taurine supple menta tioll . 

Alth o ugh the role of taurine in th e retina is not es tabli shed. 
Wright <'I (II. (2) suggest that it probahl y stabili zes retin a l cell 
mcmbranes. blocks lipid peroxidation by locall y ge nerat ed or 
exogenous ox ida nts. scave nges hypochlorous ac id by the fnrma
tion of the more stable compo und taurinc chlo ramil1L' in the 
retinal pi gme nt cell layer. and mav serve to rcgulate intracellu lar 
calcium content. It is of interest that ta urine transport into 
cultured human lymphohlastoid cell s can be in h ibit ed by two 
drugs- chlo rpromazine and chloroquinc-which cause r,' tinal 
damage (18). If these compo und s blocked ta urin e transfer in th,' 
retina this co uld help ex pla in th e cause for retinal damage. 

Studies o f hu man Iympho blasto id cell s grown in cu lture' have' 
a lso shown the importance of taurine (2 . 19). Some 60':;, of the 
intracellular free a min o acids with in the lym ph o blast is ta uri ne. 
Thus, it is d ifficult to deplete cell s of taurinc. pa rticul ar ly in 
serum-containing m ed ia. Con tinu ed growth in serum-free media 
will res ult in taurine de pletion a nd a dccline in the perce nt of 
viabl e cell s. Resto rati on of taurine to the medium. fo llowcd by 
its acti ve. uphill accumulation. returns ce ll viabilit y to co ntrol 
values (20 ). Wright 1'1 al. (2) spec ulate that taurine m ay serve to 
stabili ze m em branes and presc rve osmoregu lato ry ho meostasis. 
A n iro n-asco rbi c acid chall enge will result in ce ll swelling. cell 
lysis. and death (2 1). Rctinol and re tin o id ac id also can ca use 
cell swellin g and reducc cell viahility (22 ). Restoration of taurin e 
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Table I. Taurine content o/various organs (mM/kg tissue)* 

Heart 30 
Lung 13 
Liver 2 
Muscle 15 
Kidney II 
Spleen 16 
Small intestine 15 
Large intestine 12 
Stomach 9 
Thymus II 
Cerebellum 3 
Pons 4 
Midbrain 3 
Frontal cortes 6 
Spinal cord 4 

* Adapted from Reference I. 

to the medium reduced volume and increased viability. These 
studies indicate that damage to the cell membrane results in 
increased ion and water entry, increased cell volume, lysis, and 
cell death. Thus under these oxidant stresses, taurine preserves 
cell volume. Hence, taurine can be seen to have a role in cell 
volume regulation. 

Taurine also appears to have a biological role as an oxidant 
scavenger. In many cells, including human granulocytes, it forms 
a stable chloramine with hypochlorous acid which will attenuate 
the biocidal action of this highly unstable, but locally generated 
oxidants (10). Taurine may also protect against autolysis. A 
recent study of hamster lung epithelium shows that dietary 
taurine supplementation prevents nitrogen dioxide injury (23). 
Nitrogen dioxide is a common air pollutant found in automobile 
exhaust and tobacco smoke. Exposure of hamsters to this agent 
led to flattening of bronchiolar epithelium with loss of cilia on 
ciliated cells and a diminution in Clara-cell secretory granules. 
Pretreatment with dietary taurine resulted in the same morpho
logical appearance as found in controls not exposed to NOl . 

Table 2 lists the proven and hypothetical physiological func
tions of taurine. Among these are the oldest known function, the 
conjugation of bile acids to form water-soluble bile salts (1 , 2). 
Present evidence in man suggests that this taurine conjugation 
of bile acids has no positive effect on fat absorption in compari
son to glycine-conjugated bile salts. However, in patients with 
cystic fibrosis, the addition of taurine to the diet increases the 
proportion of bile acids that are taurine conjugated and increases 
fat absorption (24). Moreover, taurine-treated patients experi
enced an increase in height and weight velocity as compared to 
patients not so treated. It should be noted, however, that taurine
supplementation of infants, which increased the fraction of bile 
salts conjugated with taurine relative to glycine, does not affect 
growth (7-9). 

Ample evidence exists that the total body pool size of taurine 
is regulated by the kidney (1-3). The actual amount of taurine 
needed to conjugate bile acids is minimal, on the order of 5% 
(25). Excess dietary taurine is excreted in the urine and, in the 
face of a reduction in intake, urinary excretion is diminished (1-
3, 9). Our laboratory has been interested in the renal handling 
of taurine both in the rat and in man. We have focused our 
attention on the renal adaptive response to varying dietary loads 
of sulfur amino acid intake. These studies involve the use of 
carefully constituted isoproteinic (20% protein by weight) soy 
protein-based diets to which varying amounts of methionine and 
taurine are added (26). Since methionine is limited in soy protein, 
the low-taurine diet (LTD) contains 0.2 % methionine and 0.0% 
taurine. The normal-taurine diet (NTD) is supplemented with 
0.5% methionine and the high-taurine diet (HTD) contains the 
same methionine level plus 3% taurine. This diet, fed for 8-14 
days, influences plasma and urine taurine values, but not plasma 

and urine methionine and cystine values (27). Plasma taurine 
values are 321 ± 29 (SE) Ilmol/liter in NTD-fed rats and falls to 
182 ± 20 IlM/liter in LTD animals; taurine rises to 11 95 ± 87 
Ilmol/liter plasma in HTD. Urinary taurine excretion was 5 ± I 
Ilmol/mg creatinine in NTD and fell to 0.5 ± 0.1 Ilmol/mg 
creatinine in LTD (p < 0.001) and rose 35-fold to 174 ± 20 
Ilmol/mg creatinine in HTD rats (p < 0.001). This conservation 
of taurine in the urine in the LTD animals and urinary hyper
excretion in the HTD animals represents the renal adaptive 
response. The renal proximal tubule is the major site of renal 
amino acid reabsorption (28). This nephron segment has a rich 
brush border surface which is the location of active Na+-de
pendent amino acid accumulation . Our group has performed 
transport studies on vesicles prepared from the isolation of this 
brush border surface (26-28). 

The time course of taurine uptake, driven by an external NaCl 
gradient, is indicated in Figure 1. Uptake is significantly higher 
in vesicles prepared from rats fed the LTD. Reduction of uptake 
is found in vesicles from HTD-fed rats. This difference occurs 
both initially (initial rate) and at the peak of the Na+-dependent 
overshoot. A kinetic analysis of the Na+ -dependent portion of 
concentration-dependent initial rate uptake, determined at 15 s, 
shows a similar affinity of the taurine transporter for its substrate 
despite the diet ingested; but there is a higher Vmax or initial 
rate of transport after the LTD diet and a lower initial rate after 
the HTD diet (26-28). 

iJ-Alanine, another iJ-amino acid which competitively inhibits 
taurine transport, reduces renal cortex taurine content when fed 
to rats in their drinking water (29). This exposure to iJ-alanine 
while ingesting one of three diets does not significantly change 

Table 2. Biological properties o/taurine* 

Conjugation of bile acids 
Conjugation of retinoids and xenobiotics 
Osmoregulation and cell volume regulation 
Antioxidant-scavenges hypochlorous acid 
Influences intracellular calcium movement 
Neuromodulation-neuroinhibitor 
Stabilizes neural and excitable tissue membranes 

* Adapted from References 1-3. 
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Fig. I. The time course of 3H-taurine uptake at 10 I'M by rat renal 

brush border membrane vesicles. Note the difference in the uptake in 
relation to exposure to the low sulfur amino acid diet (LTD), the normal 
sulfur amino acid diet (NTD), and the high taurine diet (HTD). (Re
printed with permission from Chesney R W, et ai, Kidney Int 24:588, 
1983.) 
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plasma taurine concentrations, but docs significantl y increase 
brush border membrane vesicle uptake for each diet (Fig. 2). 
Also indicated in Figure 2 is that neither the type of diet ingested 
nor the (:i-alanine exposure results in changes in the concentration 
of taurine in hrain, a site where tauri ne serves as an imponant 
neuromodulator (1-3). 

Sin ce the whole hod y taurine pool size needs to he m ain tained 
during the neonatal period when growth rate is greatest. we 
became interested in the nature of the renal adaptive response in 
lac tating rap pups (0). Dams fcd one of the three diets ex press 
the adapti ve response to varied sulfur ami no aeid intake in 
another transponing epithelium-the mammary gland (Fig. 3). 
LTD-fed dams have a significan tl y lower and HTD-fed dams 
have a higher taurine conten t than NTD-fed dams. The renal 
epi thelium isolated from pups ex posed to each diet shows the 
typical adaptive response at 14 and 21 days, hut not at 7 days. 
Also, there is an increase in the initial rate of uptake with age 
with uptake the lowest in 7-da y-old pups and highest in adult 
brush border vesicles. 

The uptake of taurine is Na' dependent and is energized by 
an interna ll y directed NaCI gradient into a Na-free ves icle inte rior 
(26-30). Since ce ll voluille regulation in marine invenebrates 
a nd certain sea-goi ng fish is chloride-dependent. we eva luated 
the a nionic requirement of renal taurine transport (I. 2. 31. 32). 
Of the vario us anions used in uptake studies, chloride sustained 
the highest level of uptake as compared to fluoride. iodide, 
sulfate, nitrate, thiocyanate. gluco nate, and several othe r 
anions (31, 32). If hromide is suhstituted. it can sustain taurine 
uptake to the same degree as ch loride. The usc of loop diuretics, 
such as furosemide and hUlllctanide, which block Na' -K"-2CY 
transport across renal mcmbranes docs not impair the NaCY
driven transport of taurine. By Hill plot analysis, an hypothetical 
model for taurine transport across thc renal proximal tubule can 
be constructed (Fig. 4). Taurine en ters the apiea l or brush border 
side of the tuhule cell coupled wit h at least two sodium ions and 
a chl oride ion. Bromide can a lso substitute in this quarternary 
complex . Taurine exists at the baso lateral or antiluminal side by 
another process: sodium is remo ved by the sodium pump a nd 
ch loride exists by presumed C I-H CO, exchange. 
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It is plausihl e that this sa m e transport mociel orerates in cells 
wit hin the central nen'o us sys tem: thus such a model mav 
additionally contribute to the same osmoreguiaton' role of tau
rine in the hrain. Taurine has o ther actions in the nervous system 
i ncludi ng stabil ization of neural mem branes. a neu roi n h ihi 
or antiepileptic property, pre\'ention ofthc paresis and cerebellar 
abnorma liti es found in kittens born of taurine-deprived queens 
(3), and preventing death in taurine-deficient kitte ns undL'rgoing 
chronic hypernatrcmie stress (34) . 

The cat is unique in requiring dietary taurine. since th e hepa ti c 
levels of the crit ical biosynthetic e nzyme arc ex tremely low ( 1-
4). In recent studies by Trachtman 1'/ (//. (34). taurine-dcli cie nt 
and taurine-sufficient kittens were exposed to I M NaCI for 72 
h with a rise in serum Na to approximately I mM / litcr. The 
outcome was that five of seve n taurine-deficient animal s d ied 
with a loss of hrain ce ll water content. Bv contrast only (Jne or 
seven taurine-suffi cient cats dies and brain cell water content 
was maintained. Thcse studies suggest that taurine is an impor-
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Fig. 3. EfTect of diet on the taurine content of rat milk in nursing 
dams suckling rat pups of the ages indicated. 
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LUMEN CELL INTERSTITIUM 

TAURINE - - - - - -. taurine 

Fig. 4. An hypothetical model for taurine transport across the renal 
tubular epithelium in the proximal taurine. 
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Fig. 5. Taurine content of three brain regions as influenced by age or 
dietary exposure (JLmoljg tissue weight). Symbols are the same as in 
Figure I. 

tant idiogenic molecule that protects against cerebral edema or 
dessication. 

In the rat not exposed to hypernatremic stress changes in diet 
do not influence brain taurine concentrations (35). The well
described decline in brain taurine content with age is found , but 
the type of diet exposure does not influence brain taurine con
centrations in three brain regions (Fig. 5). We speculate that the 
renal adaptive response-conservation of taurine under periods 
of need and excreting under times of surfeit-may contribute to 
whole body taurine pool size. By an unknown loop, this main
tenance of taurine homeostasis can contribute to the constancy 
of brain taurine content. If the kidney does contribute to the 
maintenance of brain taurine in order to preserve its neuroinhi
bitory and osmoregulatory properties, then the following quota
tion from the Talmud may have a meaning never dreamed of 
by its authors: "The organs of the human body were created to 
perform ten functions, among which is the function of the kidney 
to furnish the human being with thought" (36). 
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