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Summary. !n agreement with previous results (Awapara, 1956), we noted that the tau-
rine level in the liver of the adult female rat is higher than in the adult male rat : 9.44 and
2.08, respectively, expressed as a concentration (umoles/g of liver). Furthermore, we observ-
ed a significant decrease of the taurine level (expressed similarly) in the liver of the lactat-
ing rat : 1.84 twenty-one days after the birth of pups. These observations suggest a physio-
logical role for the higher concentration of taurine in the liver of the adult female rat ; in
other words, a reserve of taurine, whatever its origin in the adult female rat, may be needed
for pup development.

Introduction.

Taurine (2-aminoethanesulfonic acid) is abundant (Jacobsen and Smith, 1968) in
mammalian tissues, and is believed to be important in some, such as the brain (Bar-
beau et al., 1975), the heart (Grosso and Bressler, 1976) and the retina (Cohen, 1978 ;
Pasantes-Morales ef al., 1978). However, except for its contribution to bile acid bio-
synthesis in the liver, the functions of taurine are not well known. Besides any functions
in the mature animal, it has been suggested by Sturman et al. (1978) that this substance
is related to the development of the central nervous system. lts deficiency in very young
animals and infants (Rigo and Senterre, 1977) may have detrimental consequences, and
it would therefore seem that taurine should be made available to them. 33S-tqurine,
injected intraperiioneally into the lactating female rat, is secreted in the milk and then
transferred to the pups (Sturman et al., 1977a). Thus, at least part of the taurine present
in the pups probably comes from the lactating female. It is worth pointing out in this
connection that, years ago, Awapara (1956), studying the rat liver, reported « an
unexpected sex difference not controlled exclusively by sex hormones », i.e. that the
taurine level was higher in the liver of the adult female rat than in the adult male rat.
Until now, this observation has received scant attention, although it has been repeatedly
confirmed (Jacobsen and Smith, 1968). Taken together, these two sets of results led us to
determine the taurine level in the liver of female rats, when the offspring were weaned,
and to compare it with the same parameter in non-lactating females.



556 ' Y. PIERRE, F. CHATAGNER

In addition, as hormonal factors modify the taurine level in various organs of
different species (Jacobsen and Smith, 1968), and as pregnancy may lead to changes in
rat liver taurine level, we determined the liver taurine level in two pregnant rats at the
time of parturition.

Material and methods.

Animals. — We used adult Sprague-Dawley rats from our local breeding popula-
tion.

Diets. — After weaning, the male and female rats were fed on commercial diets :
UAR rearing feed (UAR « élevage » containing 27 p. 100 of protein) until a body weight
of about 150 g was reached ; UAR maintenance feed (UAR « entretien » containing
12.9 p. 100 of protein) thereafter ; following the feed manufacturer’s recommendations,
we fed the pregnant rats, whatever their weight at mahng, UAR « élevage » during
pregnancy and throughout lactation.

Determination of taurine. — The taurine concentration of the commercial diets
(UAR « élevage » and UAR « entretien ») was determined on samples fed to the rais,
according to a method previously described by Anzano et al. (1978). Using this method,
which we determined as also adequate for rat tissues, the taurine level in the rat livers
was measured. The animals were weighed and killed by decapitation ; the livers were
immediately removed, weighed, homogenized in cold distilled water (wjv = 1 g/3 ml),
and the homogenate was treated as described in the above method.

Expression of results. — Dietary taurine was expressed as concentration
(umoles/q) ; the level in the rat livers was expressed as concentration (i moles/g of
liver), content (umolesftotal liver weight) and content/100 g body weight : whole liver
taurine/rat weight x 100.

Significance of the difference. — The results are shown as the mean + SE. The
significance of the difference was assayed using Student’s t-test. We compared one set
of animals to another since the rats differed only by one parameter, i.e. sex (groups 1
and 2 of table 1), food (groups 2 and 3) or lactating state (groups 3 and 4).

Results.

We observed no significant change in the taurine concentration with either the
UAR « élevage » or the UAR « entretien » diet. On three samples of each diet, Porte-
mer and Chatagner (unpublished results) obtained in June 1979 a taurine concentra-
tion of 3.40 4 0.01 umoles/qg for the UAR « élevage » and 3.24 4+ 0.48 umoles/q for the
UAR « entretien ».

The taurine level was determined in the liver of all the rats ; the results, expressed
as concentration, content and content/100 g body weight, are shown in table 1. It is
obvious (table 1) that the taurine level was significantly higher in the adult female
(group 2) than in the adult male (group 1) liver. These results agree with those of Awa-
para (1956).
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TABLE 1

Liver taurine level in male and female rats

Taurine
Group B.W. L.W.
a b c

1 337 + 14 12.45 + 0.46 2.08 + 0.16 26.04 + 177 7.88 + 0.55
8

2 2354 6 9.10 4 0.27 9.44* 092 8596* | 840 36.45* | 3.47
6

3 291 4 15 10.06 + 0.32 8.93 ** 4 0.30 89.85** 1 446 31.00** 4 1.60
(4)

4 299 - 9 1515 4 0.27 1.84 *x* L 023 28.05*** 4- 4,02  9.37 *** L 1,36
*

Group 1 = male rats (3 months old ; fed on UAR « entretien ») ; Group 2 = female rats (3 months
old ; fed on UAR « eniretien ») ; Group 3 = female rats (4.5 months old ; fed on UAR « élevage ») ;
Group 4 = lactating female rats killed 21 days after the birth of pups (4.5 months old ; fed on UAR
« élevage »).

The number of animals in each group is shown in parentheses.

B.W. = body weight (in g). L.W. = liver weight (in g). Taurine : a = concentration (umoles/g of
liver) ; b = content (moles/total liver) ; ¢ = content/100 g animal body weight.

The results are shown as the mean + SE. The significance of difference was assayed by Student’s t-test.

* significantly higher than group 1 (P < 0.001) ; ** not significantly different than group 2 (P > 0.1) ;
*** significantly lower than group 3 (0.001 < P < 0.01) and not significantly lower than group 1
(P > 0.1).

As the lactating females, fed on UAR « élevage », were 4.5 months old at the time
they were killed, we determined the hepatic taurine levels in the similarly fed, non-
lactating females of the same age (gr. 3). Indeed, although the animals in groups2and 3
were of the same sex and fed a diet with similar taurine concentration (UAR « élevage »
and UAR « entretien »), we compared the hepatic taurine levels in the two groups and
found there was no significant difference. The weight of the liver of the female rats at
the end of lactation (group 4) was 15.15 -+ 0.27 g, whereas it was 10.06 -+ 0.32 g in the
non-pregnant females (group 3). These observations indicate that, as liver weight
increased during lactation, the taurine level in that organ decreased : the taurine level
af the end of lactation (21 days after the birth of the pups) was significantly lower
(group 4), whatever its means of expression, than in the non-pregnant females
(group 3).

It should be noticed that the level of taurine in the liver of group 4 rats (lactating
females) was almost the same as that of group 1 rats (males).

These results will be examined in the discussion.

At the time of parturition, we observed that the taurine concentration in the liver
of the pregnant rat, killed immediately after the birth of the pups, was 3.84 umoles/g ;
as the liver weight was 12.2 g, the taurine content was 46.85 umoles. In the other
pregnant rat, killed at the time of expected parturition, the taurine liver concen-
tration was 4.70 umoles/g and, as the liver weighed 12.1 g, the taurine content was
56,87 yumoles. Although only two rats were used to obtain these measurements, the
taurine level seemed to decrease during pregnancy ; additional research on this
point is necessary.
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Conclusion and discussion.

Our resulis, which are consistent with a depletion of liver taurine associated with
lactation in the female rat, support the idea (Sturman et al., 1977b) that taurine is
involved in development and is needed for the pups.

As the taurine concentration in rat milk is higher during the first days of lactation
than later (Sturman ef al., 1977b), there may be a sharp decrease in the taurine level of
the female at the beginning of lactation. Therefore, it would be interesting to determine
the taurine level in the rat liver during gestation as well as during lactation since the
two results available at the moment suggest that taurine concentration and content is
already decreased in the female rat liver at the time of parturition.

Moreover, to establish whether there is a relation in lactating rat between the
decrease of taurine in the liver and the taurine level in the milk, the taurine level in
suckling rats (taken as a whole) should be determined and the fetal taurine level ascer-
tained, although such a study would require many animals. However, taking into
account the number of animals and their body weight, only the total taurine level in
fetal or suckling rats could be measured, and the results would have to be interpreted
with caution. For instance, in suckling rats, taurine might be provided by the milk and
also by biosynthesis in some tissues. A precise knowledge of the enzymatic machinery
of taurine biosynthesis in every organ of the developing rat is not available. However,
it is requisite in evaluating the contribution of milk taurine to the pup taurine level.

The origin of taurine in the rat liver is still poorly understood. According to
Jacobsen and Smith (1968), taurine could be provided by the diet or produced by tau-
rine-synthesizing pathways. In some species, like the cat, the diet should contain tau-
rine in order to prevent retinal degeneration (Schmidt et al., 1976). The situation in the
rat is not as clear, even if dietary contribution is likely, since dietary treatments affect
the taurine level in the adult rat liver (Spaeth and Schneider, 1976 ; Loriette et al., 1979).
Additional research is needed to define clearly the contribution to rat liver taurine
level of dietary taurine, taurine resulting from biosynthesis in situ, and taurine synthe-
sized elsewhere and taken up from the plasma. In the present study, the contribution of
dietary taurine is probably the same for all groups. Biosynthesis in situ has been
already discussed by Jacobsen and Smith (1968) who suggested that the pathway
involving decarboxylation of cysteine sulfinic acid could not be retained to explain the
taurine difference between adult male and adult female rats. Indeed, a higher taurine
level was observed in the adult female than in the adult male rat liver (Awapara, 1956),
whereas the reverse was observed for the decarboxylation of L-cysteine sulfinic acid
(Chatagner and Bergeret, 1956).

Therefore, either another pathway may be more active in the adult female than in
the adult male liver, or the uptake of taurine, synthesized elsewhere or provided by the
diet, is more efficient in the liver of the adult female rat than in that of the adult male.

As no significant difference was observed between the taurine level of group 1
(males) and group 4 (females at the end of lactation), two additional remarks are in
order. Firstly, it would be interesting to measure the taurine level in the liver of the
female rat, after the offspring are withdrawn, to determine how many days it takes for
the taurine level to reach that of the non-pregnant rat liver.
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This level should increase, and it would be helpful to observe what happens to the
liver weight during this increase. Secondly, there seems to be a « basic» taurine level
(about 2 pmoles/qg of liver when expressed as concentration) in the liver of rats of both
sexes, and in the liver of the adult female rat, there is either biosynthesis of « extra-
taurine » (by a pathway other than the one involving cysteine sulfinic acid decarboxy-
lase) or higher taurine uptake than in the male rat liver. If the latter hypothesis is
retained, there might be a kind of competition between hypotaurine (formed by the
decarboxylation of cysteine sulfinic acid) and taurine.

Whatever the origin of taurine in the rat liver, our results are, to our knowledge,
the first observation suggesting a physiological role for the higher taurine level in the
liver of the adult female rat. In other words, the liver in the adult female of that spe-
cies seems to serve as a reserve for the taurine needed for pup development. It would
be interesting to determine whether such an hypothesis could be formulated in another
species, that is, if, in a tissue of the adult female, a higher level of taurine is observed
than in the corresponding tissue of the adult male, and if that taurine level decreases
at gestation andjor lactation. In this connection, women daily excrete 7.4 mg of
urinary taurine 4 weeks after childbirth, whereas mean adult urinary excretion of
taurine is 156-196 mg (Armstrong, 1973). This would indicate that the decrease of
taurine excretion is associated to infant development.
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Résumé. Nous avons observé, ce qui est en accord avec les résultats publiés en 1956 par
Awapara, que la concentration en taurine est plus élevée dans le foie du rat femelle adulte
que dans le foie du rat méle. En effet, les valeurs obtenues dans nos conditions expérimen-
tales sont respectivement 9,44 et 2,08 pmoles de taurine/g de foie. De plus, nous avons cons-
taté que, dans le foie du rat femelle, la concentration en taurine est significativement dimi-
nuée lors du sevrage des petits. Ces observations suggérent que la concentration en taurine
aurait un réle physiologique dans le foie du rat femelle. On peut se demander si la taurine
du foie du rat femelle peut servir de réserve pour la taurine nécessaire au développement
des petits.
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