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Abstract
Malnutrition is a common feature of chronic and acute diseases, often associated with a poor prognosis, including worsening of clinical
outcome, owing, among other factors, to dysfunction of the most internal organs and systems affecting the absorption, metabolism and
elimination of drugs and nutrients. Taurine is involved in numerous biological processes and is required in increased amounts in response to
pathological conditions. The aim of this study was to describe the behaviour of taurine in well-nourished (WN) rats and to analyse the
influence of protein–energy undernutrition on the pharmacokinetic (PK) parameters of taurine, using a PK model. Wistar rats were randomly
distributed into two groups, WN and undernourished (UN), and taurine was administered intravenously or orally at different doses: 1, 10 and
100mg. Population pharmacokinetic modelling of plasma levels was performed using the NONMEM 7.2 program. Several distribution and
absorption models were explored in combination with dose and/or time covariate effects. Covariates such as nutritional status, serum albumin,
body weight and score of undernutrition were used. A two-compartment population pharmacokinetic model with zero-order endogenous
formation, passive absorption, first-order kinetics distribution and non-linear elimination with parallel Michaelis–Menten excretion and
reabsorption processes best described taurine pharmacokinetics. Undernutrition acted as a covariate reducing the Vmax of the active
elimination process. Data analysis showed linear absorption and distribution, and non-linear elimination processes for taurine. Elimination of
taurine was reduced in UN animals, suggesting that the reabsorption process via the secretion transporter was modified in that group.
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Malnutrition is a range of deficiency states, from mild to severe,
defined as a range of pathological conditions arising from coin-
cident deficiency of protein and energy content in varying pro-
portions, being a prevalent clinical condition in many hospitalised
patients(1). It is estimated that 50% of adult patients admitted to
hospitals have malnutrition, making it one of the most prevalent
comorbidities in this population(2). Malnutrition derives from
clinical, social and cultural factors, and its association with higher
morbidity and mortality rates, longer length of stay and higher
hospital costs has been widely demonstrated in the literature(3–5).
Individuals with protein–energy undernutrition have both

reduced adipose and lean tissue, reductions in cardiac output
with reduced hepatic blood flow and glomerular filtration
rate(6). Considering the wide range of pathophysiological
derangements in patients with undernutrition (UN), the
pharmacokinetics of many of the drugs used for their treat-
ment is likely to be affected, which may require dose
modifications(7–9).

Taurine (2-aminoethylsulphonic acid) is a conditionally essential
sulphur-amino acid. A balanced diet provides most taurine either
directly or by synthesis in the liver and brain from methionine or
cysteine in the presence of vitamin B6. This amino acid is
eliminated in urine. As it can be formed in vivo from the meta-
bolism of other sulphur-containing nutrients, its excretion may
exceed the daily dietary intake(10). In pathophysiological status, the
endogenous production of taurine from its precursors is limited
and the excretion can be incremented(11), and thus the intake of
taurine should be increased to maintain physiological levels.

Taurine is involved in numerous biological and physiological
processes, including the regulation of the osmotic balance.
Taurine participates, for instance, in bile acid formation and
neuronal development, as well as function(12). It exerts anti-
oxidant and anti-inflammatory actions, as well as anti-arrhythmic/
ionotropic/chronotropic ones, besides constituting a central ner-
vous system neuromodulator. The positive effects of taurine on
thyroid dysfunction and renal oxidative damage(13), epilepsy(14),
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ischaemia(15), obesity(16), hypercholesterolaemia(17), diabetes(18),
hypertension(19), myocardial infarction(20), hepatic inflammatory
diseases(21) and neurotoxicity(22) have also been reported. Hence,
taurine is widely used as a nutriceutic and it is occasionally used
as a drug.
Thus far, little is known about the pharmacokinetics of taurine

after oral administration. Such information is essential if a regi-
men for administration of this agent as a nutraceutic in enteral
diets or as therapeutic substance is designed – for example in
treating the adverse effects of nickel in the nervous system(23) or
after paracetamol poisoning(24,25). A review of the literature
revealed only very few reports concerning the pharmacokinetics
of taurine. One study performed by Rakotoambinina et al. was
carried out using a constant intravenous (IV) infusion of labelled
taurine at rates of either 2 or 3 μmol/kg per h with or without a
priming dose in six healthy patients(26), and in another study by
Ghandforoush-Sattari et al.(27) 4 g of taurine was orally admi-
nistered to eight healthy volunteers. Only scarce information
was found on oral administration of taurine in undernutrition(28),
and no records were found about taurine pharmacokinetics in
malnutrition.
The present study was undertaken to determine the pre-

clinical pharmacokinetic model of taurine after oral and intra-
venous administration and to investigate the influence of
nutritional status on the pharmacokinetics of this amino acid.

Methods

Protocol, animals and experimental procedures

Male Wistar rats were used in accordance with 2010/63/EU
directive of 22 September 2010 regarding the protection of
animals used for scientific experimentation. All the assays
described in the present study adhered to the Principles of
Animal Care and were approved by the Institutional Ethics
Committee of University of Valencia (Spain) according to RD
1201/2005 (code A1326906234491).
A parallel study was designed in which a single dose of taurine

was administered either IV or orally to each group of rats. A total
of sixty-four male Wistar rats, 8–9 weeks of age, with a mean
weight of 235·5 (SD 7·9) g, a mean serum albumin of 34·6
(SD 6·5) g/l and a mean serum cholesterol of 1·29 (SD 0·324) g/l
were used. Animals were placed in individual polyethylene
cages (22× 22× 16 cm) in a controlled room (22–23°C, 50–60%
humidity) under a 12 h light–12h dark cycle. Subjects were
randomly assigned to one of two groups: well-nourished (WN)
(regular nutrition diet/WN, n 32) and UN (protein–energy
restricted diet/UN, n 32). Both groups were allowed free access
to water, but their food intake was controlled. The WN group
was subjected to a standard pellet diet (2014 from Harlan
laboratory) that fulfilled the normal daily requirements of a rat
(14% proteins, dose of diet intake per d: 20 g/251·9 kJ) during an
adaptation period that lasted 23–25 d. The UN group received a
diet that was altered in protein, carbohydrate and fat content
(TD 99168 from Harlan laboratory; 5% proteins, dose of diet
intake per d: 10 g/159 kJ) for the same period of time.
The rats of both groups (WN and UN) were weighed on a

daily basis and serum albumin and serum total cholesterol were

quantified once a week using standard commercial kits (QCA
Laboratory).

The main biometrical parameters used for the assessment of
the nutritional status were weight and serum albumin(29). Animals
of the UN group were considered malnourished if, at the end of
the adaptation period, the weight was below 80% of the weight
reached in the WN animal group and serum albumin was below
23g/l. Serum total cholesterol values were also recorded.

The pharmacokinetic study was performed at the end of the
adaptation period. For this purpose, rats from both nutritional
status (WN or UN) were randomly allocated into different
groups based on the dose and route of taurine administration
(IV or oral). This protocol resulted in a total of twelve groups,
consisting of between four and six animals (Table 1).

The day before administration, rats were subjected to jugular
vein cannulation with a 12-cm-long fragment of medical-grade
silicone tubing (Silastic, inner diameter: 0·6mm; outer diameter:
0·94mm; Dow Corning Co.). Anaesthesia and analgesia were
induced before surgery with intraperitoneal thiopental
Na solution 10% (w/v) at a dose of 30mg/kg (Dolethal®;
Vétoquinol) and subcutaneous butorfanol tartrate (Torbugesic®;
Pfizer). Under anaesthesia, a 3·4-cm section of the cannula was
introduced into the jugular vein in the direction of the heart and
the free end was subcutaneously conducted to the dorsal base
of the neck, at which point the cannula emerged. The exter-
iorised end was then closed with a polyethylene plug. The
cannula was filled with heparinised (0·2 g/l) saline solution.
After surgery, animals were maintained in non-fasting condi-
tions overnight with water freely available.

Taurine administration and blood sample collection

Taurine was purchased from Sigma-Aldrich® (Welwyn Garden
City). A total of sixty-four animals was used in the study.
Solutions were prepared by dissolving the corresponding
amount of the amino acid in saline solution.

To facilitate the blood sampling of conscious rats, a 15-cm-
long silicon tube (bridge-tubing) was connected to the free end
of the cannula. For oral administration, rats were subjected to
gastric intubation with all the groups receiving 1ml of their
assigned preparation.

Table 1. Experimental design

Groups Route of administration Taurine dose (mg)

WN animals
1 Intravenous 1
2 Intravenous 10
3 Intravenous 100
4 Oral 1
5 Oral 10
6 Oral 100

UN animals
7 Intravenous 1
8 Intravenous 10
9 Intravenous 100

10 Oral 1
11 Oral 10
12 Oral 100

WN, well-nourished; UN, undernourished.
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After IV or oral administration, blood samples were taken
using heparinised syringes from the jugular vein cannula at the
scheduled time. After each sampling time, the blood volume
was replaced with the same volume of saline solution. After
collection, each blood sample was centrifuged at 5000 rpm for
5min and the plasma was transferred to polypropylene tubes
and stored at −20°C until taurine quantification. To achieve the
deproteinisation of samples, 5-sulfosalicylic acid was used as
previously described(30). Samples stored in these conditions
remained stable for at least one month (the remaining taurine
concentration at this time was above 95%).

Analytical procedures

Plasma samples were assayed for taurine content by HPLC, with
fluorimetric detection taking place after derivatisation with OPA-
MPA (λex=230nm, λem=389nm)(30). The buffer used to prepare
the mobile phase consisted of 9mM potassium dihydrogen phos-
phate and 0·5ml/l triethylamine, adjusted to pH 6·9 with KOH.
The mobile phase was prepared by mixing this buffer with a
mixture of organic solvents (methanol–acetonitrile, 90:10) in 55/45
(v/v). A reversed-phase column was used (UltraBase C18 3μm
100×4·6mm). A flow rate of 0·9ml/min was used, and 50µl of the
clear supernatants was injected into the chromatograph. Calibra-
tion curves covering the whole range of taurine concentrations in
the plasma samples (from 50 to 750µM) were prepared in
triplicate. The taurine peak area was measured in each sample and
correlated with the amino acid concentration. Excellent plots
correlating the peak areas and amino acid concentrations were
obtained (r>0·999). The accuracy and precision of the method
were confirmed using four concentrations covering the range of
those to be analysed. They were evaluated by calculating the
relative error and CV, which were always below 7%. The limit of
quantification was 57·11µM for taurine samples. The results
obtained were considered fully acceptable(31).

Pharmacokinetic modelling and statistical analysis

A stepwise population pharmacokinetic approach was followed
by using a non-linear mixed effects model and the first-order
estimation method, implemented with NONMEM, version VI(32),
in conjunction with a G77 FORTRAN compiler and Wings for
NONMEM. Different subroutines were used, namely ADVAN 3,
11 and 9. The experimental data used to build the model were
total plasma concentration of taurine.
As the taurine concentration in plasma is owing to both

internal regulation and external particular uptake, for the
modelling, two input constants were considered: a zero order
(Q0 (mg/h)) as representative of an internal equilibrium of
synthesis and degradation, and a second input constant to
characterise the uptake from oral administration, modelled
considering a passive or an active process.
Pharmacokinetic modelling was performed from an empiric

and mechanistic perspective. The empiric approach allowed
deciding whether the pharmacokinetic parameters depend on
the dose administered and the mechanistic approach was
performed to select the kinetics of each ADME process. The
model was developed sequentially, so that whenever
modifications had to be made to the base structure of the model

a backwards procedure was performed. Data were also incor-
porated in a sequential manner. The analysis consisted of the
following steps:

(1) Step 1: TAU IV data from groups 1, 2 and 3 (WN).
(2) Step 2: TAU IV data from groups 7, 8 and 9 (UN).
(3) Step 3: TAU IV data from groups 1, 2, 3, 7, 8 and 9 (WN

and UN).
(4) Step 4: TAU IV data from groups 1, 2, 3, 7, 8, 9 and oral data

from groups 4, 5, 6 and 10, 11 and 12 (WN and UN).

In steps 1 and 2, the selection of the compartmental model
(one compartment or two compartments) was made and non-
linearity in the distribution or elimination processes was assayed.
Step 3 was implemented to optimise the model characterising
the non-linear processes detected in previous steps and also
evaluating the influence of the nutritional status on the phar-
macokinetic parameters (distribution and excretion). In the last
stage of model development (step 4), the values for disposition
parameters were fixed at those obtained in step 3, as the addi-
tion of oral data did not affect them. Then, the oral absorption
process was studied and the influence of the nutritional status on
taurine absorption and bioavailability was tested.

Inter-individual variability (IIV) in pharmacokinetic para-
meters and residual error in plasma concentration was modelled
with exponential equations (Equations (1) and (2), respectively):

θi = θ : e ηi ηi�N ð0;ω2Þ (1)

yij=f θi;Di; xij
� �

: e ϵj ; ϵj�N ð0; σ21Þ (2)

In Equation (1), θi is the pharmacokinetic parameter θ of the
individual, θ the mean population value of this pharmacokinetic
parameter and ηi the IIV of a population (N) with a mean ran-
domly distributed around zero and an estimated variance of ω2.
The need to include inter-IIV terms was evaluated for all
parameters.

For the residual error calculation, Equation (2), f(θi, Di, xij)
represents the individual predicted concentration by means of a
particular pharmacokinetic model f, with individual pharma-
cokinetic parameters, θi, dose, Di, and time, j, at which con-
centrations of the amino acid were evaluated (dependent variable,
xij) and were modelled in terms of epsilon (ε) variables. Each
ε variable was assumed to have a mean of zero and an estimated
variance σ21. A slope-intercept error model was used where
the residual variability (σ) of the exponential term was interpreted
as a CV and the added component as standard deviation.

In the selection of the best model, the minimum value of
objective function (MOFV) provided by NONMEM was adopted.
For hierarchical models, the difference between objective func-
tion values is distributed as χ2, which allows the best model to be
selected. A P level of 0·01 was chosen for accepting a more
complex model over a reduced one. For hierarchical models
differing by one or two parameters, the corresponding differences
in the objective function values are 6·63 and 9·21, respectively.
Precision in the estimation of the parameter values, quantified as
the relative standard error (%) and residual error, were also
evaluated in order to select the final model. The graphical
goodness of fit analysis was evaluated through the use of SPlus
for Windows, version 7.0 (Insightful) and R (version R-3.1.2).
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Model evaluation was performed by means of a visual pre-
dictive check and the bootstrap resampling technique. For Visual
predictive check, simulations of taurine concentration–time pro-
files for 200 simulated populations were performed using the final
model, and each model parameter was estimated including IIV.
For each group, the concentration–time profiles corresponding to
the 5th, 50th and 95th quartiles were represented together with
the corresponding observations(33). Similarly, the bootstrap
resampling technique was used as an internal method to validate
the final model. From the original data set, 1000 replicates were
generated by sampling randomly with replacement, and the final
population pharmacokinetic model was fitted repeatedly to each
replicate using the bootstrap option of Wings for NONMEM V
package (Holford, version 222, May 2001). The mean and median
parameter estimates and their 95% CI were obtained from the
bootstrap replicates and compared with the population pharma-
cokinetic parameters obtained from the original data set.

Results

Table 2 shows mean values, standard deviation and 95% CI of
serum albumin, total cholesterol and body weight at the beginning
and the end of adaptation period for WN and UN animals. The
nutritional assessment according to serum albumin and body weight
is also shown. There were no differences between body weight,
serum albumin or total serum cholesterol before the adaptation
period. However, at the end of the adaptation period statistical
differences were found in body weight and serum albumin between
WN and UN animals (P<0·0001). As previously reported, the
weight evolution of UN animals was best described by linear weight
gain and a decline module characterised by exponential weight loss,
where the weight loss rate constant is an exponential function of
time(34). Total serum cholesterol showed a non-statistical decrease.
The nutritional assessment revealed that 81% (n 26) of the animals
in the UN group developed moderate to severe undernutrition.
No statistical differences between basal taurine plasma con-

centration obtained in WN and UN animals were found (WN
(50·97 (SD 14·54)mg/l) and UN (48·86 (SD 22·11)mg/l) (P> 0·05)).
Taurine plasma concentration–time profiles obtained after IV

and oral administration are shown in Fig. 1. The experimental
data used in the model development were taurine plasma
concentration v. time.
A Michaelis–Menten process was fit to identify the kinetics of

distribution and elimination processes (disposition phase,
steps 1 and 2). The empirical model revealed non-linear
excretion phenomena, but failed to provide any relevant
information. Taking into account that taurine is mainly excreted
in urine with high variations, a saturable renal tubular secretion
and reabsorption process was tested(35). The model with active
renal excretion and reabsorption was chosen in this step. When
a mechanistic approach was considered, using data from WN
and UN animals (Step 3), the influence of nutritional status on
Vms, Kms, Vmr and Kmr parameters was evaluated. This step
showed that the active secretion process of taurine was decreased
in undernutrition status; Vms was 10% lower in UN animals.
In the final step (Step 4), disposition parameters were fixed to

those obtained in the previous steps and oral administration
data of UN and WN animals were added. The absorption Ta
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process is best described by passive diffusion kinetics. Oral
bioavailability was also incorporated in the model as a function
of the oral dose administered and nutritional status. In all cases,
results were very similar to 1 (100% bioavailability).
Fig. 2 illustrates the schematic structure of the model and the

corresponding equation (Equation (3)) that best defined the
pharmacokinetic profile of taurine:

dCð1Þ
dt

=Q0 + kaC 3ð Þ�k12C 1ð Þ + k21C 2ð Þ�Vms � ðFUNÞNUT C 1ð Þ
Kms +C 1ð Þ

+
Vmrð4Þ

Kmr +Cð4Þ ð3Þ

where ka is the oral absorption rate, Q0 the basal level
of taurine, K12 and K21 the inter-compartmental distribution
constants, Vmr and Kmr the reabsorption Michaelis–Menten
constants, Vms and Kms the elimination Michaelis–
Menten constants, FUN the reduction of Vms calculated in UN
animals compared with WN animals. NUT= 0 in WN or 1 in UN.

Table 3 shows the estimated values for the pharmacokinetic
parameters of the final model (covariance step aborted). Indi-
vidual taurine plasma concentration values predicted with the
selected model are also shown in Fig. 1 as a line. Individual and
population predicted v. observed taurine plasma concentrations
are plotted in Fig. 3. Weighted residuals (WRES) v. time and
absolute individual weighted residuals |IWRES| v. individual
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predictions are also shown in Fig. 3, whereas Fig. 4 shows the
results of the visual predictive check.

Discussion

Malnutrition is associated with variations in drug absorption and
drug disposition owing to changes in protein binging, hepatic
metabolism and renal elimination(9,36,37). As a consequence,
drug toxicity increases and the response to treatment is altered.
In such a situation, conditionally essential nutrients, such as
taurine, that are mainly provided by dietary intake may have
altered body levels. However, only a few studies have, thus far,

evaluated the influence of malnutrition on the pharmacokinetics
of nutrients, such as taurine, in malnourished patients(38).

The present study was undertaken to determine the pre-
clinical pharmacokinetic model of taurine after oral, as well as
IV, administration and to investigate the influence of nutritional
status on the pharmacokinetics of this amino acid. To detect
possible non-linearity, three doses of the amino acid were
administered. Such information is essential when a regimen for
administration of this agent to patients is designed.

The empirical models in steps 1 and 2 were fit in order to
determine the compartmental model suitable for taurine and to
detect possible non-linearity in the disposition processes. Both
steps revealed that the model that best fitted the data was a
bicompartmental model with non-linear phenomena in the
elimination process, which agrees with the literature, where it
has been described that taurine transport undergoes an adap-
tive response to changes in taurine availability and body
requirements(39). Contrary to most amino acids, taurine is not
metabolised and does not bind to protein but remains free in
the intracellular water. Most amino acids are reabsorbed at rates
of 98–99%. Reabsorption of taurine, however, may range from
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Fig. 2. Final model diagram of the final model describing the pharmacokinetic
profile of taurine after oral administration. D, dose; ka, oral absorption rate; Q0,
basal level of taurine; K12 and K21, inter-compartmental distribution constants;
Vmr and Kmr, reabsorption Michaelis–Menten constants; Vms and Kms,
elimination Michaelis–Menten constants; FUN, reduction of Vms calculated in
UN animals compared with WN animals. NUT= 0 in WN or 1 in UN.

200

150

100

P
re

di
ct

ed
 D

V
W

ei
gh

te
d 

re
si

du
al

s

In
di

vi
du

al
 w

ei
gh

te
d 

re
si

du
al

s
IP

R
E

 D
V

50

4

2

0

–2

–4

0.0 1.0 2.0

Time (h) Time (h)

3.0 0.0 1.0 2.0 3.0

4

2

0

–2

–4

200

150

100

50

0

0

0

50 100 150 200

Observed DV

0 50 100 150 200

Observed DV

Fig. 3. Goodness of fit plots. The upper panels show observed concentrations
v. predicted concentrations for the typical individual on the left (predicted
dependent variable; DV) v. predictions for each individual on the right (IPRED),
together with the identity line ( ). The lower panels show the weighted
residuals for the typical individual (WRES) v. time and the individual weighted
residuals IWRES v. predictions for each individual with smooth spline ( ).

, Reference.

Table 3. Pharmacokinetic taurine parameters for the population of
the well-nourished and undernourished animals studied obtained from
the original data set (left) and mean results from bootstrap analysis
(1000 replicates, 811 minimisation successful, right)

Pharmacokinetic
Original data set bootstrap replicates

models Estimate CV% Mean CV% 95% CI

Structural model
Q0 13·7 36·0 14·4 29·0 9·21, 23·8
Vc (l) 0·0416 17·5 0·0462 14·9 0·036, 0·061
K12 (/h) 2·61 44·8 2·32 27·2 1·15, 3·47
K21 (/h) 0·73 48·1 0·893 45·5 0·314, 1·74
Vms (mg/l per h) 192·0 56·3 331 89·5 78·1, 1041
Kms (mg/l) 399 110 780 121 75·8, 3391
Vmr (mg/l per h) 16·9 457 89·1 228 0·268, 786
Kmr (mg/l) 96·1 190 266 509 1·91, 1808
FVmsDN 0·906 15·1 0·950 6·51 0·823, 1·06
Ka (/h) 1·19 18·2 0·969 23·4 0·575, 1·45

Between-subject variability (BSV)
BSVQ0 (%) 25·7 104 20·5 51·1 0·257, 35·2
BSVVc (%) 50·6 52·7 66·4 28·7 31·9, 98·5
BSVk12 (%) 120·4 38·7 101 37·1 55·3, 156
BSVk21 (%) 93·4 293 109 118 0·934, 326
BSVVms (%) 17·1 285 11·7 86·1 0·171, 30·7
BSVka (%) 69·6 42·3 29·7 108 0·600, 82·1

Residual variability
σ (%) 22·4 10·0 21·5 6·50 18·8, 24·2
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0·5 to 99·5%, suggesting an adaptive regulation of transport in
the kidney(6). In step 3, the effect of covariates, final body
weight, final serum albumin, final serum cholesterol and degree
of undernutrition in those parameters, was checked to detect

the influence of nutritional status on the pharmacokinetic
parameters. Linear, exponential and potential equations were
explored. As these analyses failed, nutritional status was intro-
duced in the fitting as a factor. The best fit was obtained with
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the bicompartmental model with non-linear elimination,
depending on both the administered dose and nutritional status.
Given the small molecular size of taurine, a passive diffusion

elimination process was first evaluated. However, during the
mathematical modelling of data, the successful models
showed that passive renal filtration was very low
(<0·52× 10− 9 l/h per g), indicating that active elimination pro-
cesses (saturable renal tubular secretion and reabsorption) are
significantly more relevant than passive diffusion (P< 0·01).
Thus, renal filtration was not incorporated in the final model.
The model selected in step 3 incorporates saturable renal
tubular secretion and reabsorption, thus being in agreement
with previous findings. As an endogenous compound, its renal
clearance is modulated according to body requirements deter-
mined by uptake and pathophysiological changes. It has been
described that its elimination is because of a process sensitive to
the presence of Na and Cl ions and that it is partially reabsorbed
by the TauT transporter located in the proximal tubules(39).
In this scenario, after administration of a 10-mg dose, active

tubular reabsorption would be saturated, which would encou-
rage elimination, and clearance would be higher than that
observed with the 1-mg dose. Similarly, with the 100-mg dose,
active tubular secretion and tubular reabsorption processes
could both be saturated, so that clearance would be lower than
in the case of the 1-mg dose, both in WN and UN. The influence
of nutritional status on Vms, Kms, Vmr and Kmr parameters was
also evaluated in this step. The saturation of the secretion
process will first occur in UN animals, which showed a 10%
lower Vms than WN animals; therefore, elimination in UN ani-
mals would be lower than in WN animals. This change in
clearance, which was statistically significant (P<0·01), may not
have clinical relevance in higher dietary supplementation but
may be of relevance in patients with normal or low taurine
intake (1–10mg each meal (or 3–30mg/d) in rats equivalent to
6–60mg/meal (or 18–120mg/d) in humans)(40).
In the final step, step 4, oral data from WN and UN animals

were added. Results showed that the oral absorption of taurine
can be better described by a passive diffusion model that is not
altered by the nutritional status. The model selected to describe
taurine absorption differs from other publications. Intestinal
transporters for taurine (TauT) that have low capacity and high
specificity have been described(39,41,42). The differences found
may be owing to the range of doses administered. The selection
of the doses administered in our study was made according to
the taurine doses granted in enteral diets designed for human
patients (equivalent to 1 and 10mg in rats), whereas the higher
dose (100mg) was chosen owing to its negligible toxicity. Doses
of 1mg and 10mg of taurine orally administered did not
significantly increase the plasma levels of the amino acid from the
basal levels, whereas a dose of 100mg of taurine could (Fig. 1).
Data obtained from the 100-mg administration might not have
been sufficient to characterise the non-linearity in the absorption
process. Moreover, it cannot be ruled out that if the transporter
has low capacity it can be saturated at all doses administered.
Finally, it has been described that this transporter activity seems to
be higher in young subjects than in the elderly; although differ-
ences in absorption were not observed, nutritional status is likely
to have a higher impact in young people(43).

The CI of some of the model parameters, which cannot be
strictly considered quantitatively, is very high. Taking into account
the complexity of the model, the number of available plasma
determinations and that taurine is an endogenous compound, the
model can be considered a good approach to describe the pharma-
cokinetics of taurine. Its main usefulness resides in the fact that it
reveals that undernutrition impairs the ADME process of taurine.
Further studies need to be conducted in order to identify more
accurately the precise mechanism responsible (i.e. renal reabsorp-
tion impairment, transporters reduction and so on) in order to
extrapolate these results to other species, including humans.

Two conclusions can be drawn from the results obtained in
this work: the taurine absorption process at the usual range
of doses apparently is passive and levels of taurine plasma
concentrations obtained in this study highlight the need for
augmented taurine supplementation in enteral commercial
formulations to increase taurine plasma levels (usual
concentrations in enteral diets: 8–15mg/100ml)(44,45).

Overall, the selected model describes taurine pharmacoki-
netics in WN and UN rats at the usual doses used in clinical
practice and gives an approximation about what happens when
this amino acid is administered in UN conditions.

Conclusions

Data analysis showed linear absorption and distribution, and
non-linear elimination processes for taurine, with active pro-
cesses, renal secretion and reabsorption implied. Elimination of
taurine was reduced in UN animals, suggesting that the secre-
tion transporter was significantly modified in this group. The
taurine absorption process at the usual range of doses behaves
as a passive process that is not altered in undernutrition.
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