
Abstract The present study investigated the acute ef-
fects of taurine on intracellular Ca2+ ([Ca2+]i) in normal
and diabetic cardiac myocytes. [Ca2+]i was monitored us-
ing fura-2 in single myocytes isolated from control or
streptozotocin-treated rats and paced at frequencies be-
tween 0.33 Hz and 2.0 Hz in the absence or presence of
20 mM taurine. Increasing stimulus frequency resulted in
significant increases in resting and peak [Ca2+]i, and am-
plitude of the Ca2+ transient in both control and diabetic
myocytes. The amplitude of the Ca2+ transient and the
extent of its increase with increasing frequency was,
however, significantly lower in the diabetic myocytes.
Taurine significantly increased resting [Ca2+]i, peak
[Ca2+]i, and the amplitude of the Ca2+ transient in both
control and diabetic myocytes at all stimulus frequencies
examined. The degree of potentiation of the Ca2+ tran-
sient decreased with increasing stimulus frequency in
control cells but not in diabetic cells. In the absence of
taurine the decay of the Ca2+ transient was significantly
slower in diabetic than control myocytes. Taurine was
without significant effect on the time course of the Ca2+

transient decay in control cells, however, in diabetic cells
it significantly accelerated the rate of decay. The data
demonstrate directly that taurine is able to increase
[Ca2+]i and the amplitude of the Ca2+ transient in both
normal and diabetic cardiac myocytes. In addition sever-
al of the effects of taurine appeared to be more pro-
nounced in diabetic than control cells.
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Introduction

Taurine, a naturally occurring, sulphur-containing amino
acid, is found in relatively high concentrations in many
tissues. In particular, it is abundant in the mammalian
heart where it constitutes approximately 50% of the total
free amino acid pool [2, 31]. Although taurine is the ma-
jor constituent of the free amino acid pool of mammalian
myocardium its functional role remains unresolved. It is
not a substrate for metabolism within the heart and does
not participate in protein synthesis [19], however, taurine
has been reported to influence contractility, suggesting
that it may play an important role in modulating Ca2+

mobilisation. These effects of taurine appear to be para-
doxical, in that it can either increase or decrease contrac-
tility, depending upon the pre-existing levels of contrac-
tility and the [Ca2+] within and around the cell [9, 10, 16,
27, 29]. Because of these actions it has been suggested
that taurine may exert a “normalising” influence, such
that when contractility is low it will increase it, while if
contractility is high then taurine will act to reduce it [16,
27, 29].

Effects of taurine on a variety of Ca2+ and other ion
transport pathways have been reported. For example,
taurine has been shown to affect L-type Ca2+ channels
[5, 6, 29], Ca2+ transport by the sarcoplasmic reticulum
(SR) [28, 29, 31], K+ and Na+ currents [5, 26] and the
Na+/Ca2+ exchanger [29, 31]. The mechanisms by which
taurine modulates the activity of these ion-handling path-
ways are not known, but may involve changes in mem-
brane phospholipid microenvironments [15] or second
messenger-mediated effects through binding to specific
receptors [7].

The myocardial level of taurine is known to be altered
in various pathophysiological conditions [1]. Significant
increases in intracellular taurine content have been
shown in both congestive heart failure and insulin-
dependent diabetes mellitus, in which myocardial taurine
levels are reported to be increased approximately two-
fold [23, 27]. The diabetic heart is characterised by a de-
pressed contractile reserve, slowed contraction and
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slowed relaxation [8] and there is now compelling evi-
dence that these impaired contractile properties stem pre-
dominantly from disturbances in Ca2+ handling [8, 33].
For example, the activities of the SR Ca2+-ATPase, the
sarcolemmal Ca2+-adenosine 5’-triphosphatase (ATPase)
and the Na+/Ca2+ exchanger are all reportedly depressed
in the diabetic heart [21, 22, 25, 30, 33].

Given that taurine appears to modulate contractility,
possibly via actions on processes involved in Ca2+ han-
dling, together with the fact that taurine levels are in-
creased in the diabetic heart, the present study set out to
examine the acute effects of taurine on intracellular
[Ca2+] in normal and diabetic cardiac myocytes. The
aims of the study were, firstly, to investigate whether the
increase in contractility produced by taurine is, in fact,
the result of increased Ca2+ mobilisation within the cell
and secondly, to compare the acute effects of taurine on
intracellular Ca2+ in normal and diabetic cardiac myo-
cytes.

Methods

Induction of diabetes

Male Wistar rats weighing approximately 250 g were divided ran-
domly into two groups (diabetic or non-diabetic). Rats assigned to
the diabetic group received 60 mg/kg streptozotocin (STZ) by in-
jection into the tail vein under halothane anaesthesia. STZ was
dissolved in 0.1 M citrate buffer (pH 4.5). Each STZ-treated rat
was subsequently housed with an age and weight-matched control
rat. All animals were given free access to food and water for the
following 8 weeks. Non-fasting blood glucose measurements were
obtained for all rats at the beginning and conclusion of the experi-
mental period. All experimental procedures and experiments com-
plied with the guidelines of the National Health and Medical Re-
search Council of Australia on the care and use of animals in re-
search and had the approval of the Monash University Animal
Ethics Committee.

Cell isolation procedure

After 8 weeks of untreated, insulin-dependent diabetes mellitus,
animals were anaesthetised with chloroform and killed by decapi-
tation. The heart was excised rapidly and placed in N-[2-hydroxy-
ethyl]piperazine-N’-[2-ethane-sulphonic acid(HEPES)-buffered
Krebs-Henseleit (K-H) solution with the following composition
(mM): NaCl, 130; KCl, 4.8; KH2PO4, 1.2; MgSO4, 1.2; CaCl2,
1.5; HEPES, 10; glucose, 10 (pH 7.4). It was then cannulated via
the aorta, mounted on a Langendorff perfusion apparatus and per-
fused at a constant pressure of 60 mmHg with oxygenated (100%
O2) HEPES-buffered K-H solution maintained at 37 °C. Once a
steady heart rate had been attained, this solution was replaced with
a nominally Ca2+-free HEPES-buffered K-H solution to arrest me-
chanical activity. Collagenase (Worthington; Type II) and CaCl2
were then added to the perfusate to final concentrations of
120–150 IU/ml and 50 µM respectively.

After 20 min of collagenase perfusion the atria and right ven-
tricular free wall were removed and the remaining left ventricular
tissue was teased apart and placed in a conical flask containing
10 ml collagenase solution. Myocytes were dispersed by gentle
agitation at 37 °C for 5 min. The collagenase solution containing
dispersed cells was decanted, filtered through thin nylon gauze
(approximately 200 µm mesh) and then centrifuged for 2 min at
about 60 g. The cell pellet was resuspended in 2–3 ml HEPES-
buffered K-H solution containing 1 mM Ca2+ and 2.5% bovine se-

rum albumin. This procedure was repeated several times and the
viability of cells in the different fractions was determined micro-
scopically. For all experimental protocols recordings were made
only from cells that displayed normal morphology, had regular
sarcomere spacing, and were quiescent in the absence of electrical
stimulation at physiological bath [Ca2+] ([Ca2+]o). Although not
systematically evaluated, the yield of cells from diabetic animals
was generally lower than from control animals. Nevertheless in
both groups a large proportion of cells (>40%) met the above cri-
teria.

Measurement of intracellular [Ca2+]

Intracellular [Ca2+] ([Ca2+]i) was monitored using the fluorescent
indicator fura-2. Cells were loaded with fura-2 by incubation with
5 µM fura-2 acetoxymethyl ester (fura-2/AM) (Molecular Probes,
Eugene, Ore., USA) for 15 min at room temperature. An aliquot of
fura-2-loaded myocytes was placed in an experimental chamber
(volume 2 ml) and allowed to settle and adhere to the base, which
consisted of a poly-L-lysine-coated cover-slip. The chamber was
mounted on the stage of a Nikon Diaphot 300 inverted fluores-
cence microscope and perfused with solution at 0.7–1.0 ml/min at
25 °C.

Fluorescence was recorded using a Cairn Spectrophotometer
system (Cairn Research, Kent, UK) coupled to the microscope.
Light originating from a 75 W xenon lamp was passed through a
rotating filter wheel containing 340 nm and 380 nm filters to allow
alternating excitation of the fura-2 loaded myocytes at these two
wavelengths. An adjustable rectangular diaphragm restricted re-
cording to one cell in the field of view. The emitted fluorescence
was passed through a 510 nm emission filter and recorded by a
photomultiplier tube. The output current of the photomultiplier
was converted to a voltage and the signals were then digitised for
subsequent storage and analysis using a personal computer. The
ratio of the fluorescence at 340 nm excitation to that at 380 nm
(R340/380) was taken as an indication of the free [Ca2+]i. R340/380
was sampled at a frequency of 100 Hz.

The fura-2 fluorescence signals were calibrated internally in
each cell at the conclusion of the experiment as described by Kao
[18]. The maximum fluorescence ratio (Rmax) was determined by
exposure of the cell to the Ca2+ ionophore ionomycin (7.5 µM) in
the presence of solution containing 1.5 mM Ca2+. Following deter-
mination of Rmax an excess of the Ca2+ chelator ethyleneglycol-
bis(β-aminoethylether)-N,N,N’,N’-tetraacetic acid (EGTA) was
added (final concentration 3 mM) giving the minimum fluores-
cence ratio (Rmin). [Ca2+]i was subsequently calculated from the
experimental values of R340/380, assuming the dissociation constant
of fura-2 for Ca2+ to be 224 nM [12].

Experimental protocol

[Ca2+]i-frequency response

Cells were stimulated electrically using a pair of platinum elec-
trodes that delivered square pulses of 10–20 V amplitude and 4 ms
duration. For each cell, changes in [Ca2+]i were recorded during
steady-state stimulation at 0.33, 0.5, 1.0 and 2.0 Hz with the cell
superfused with the standard K-H solution containing 1.5 mM
Ca2+. With each change in stimulus frequency, the cells were al-
lowed to equilibrate to the new rate of pacing for 3 min before any
recordings were made. Once a full set of recordings had been ob-
tained under control conditions, 20 mM taurine was added to the
superfusate. The cells were then left to equilibrate in the taurine-
containing solution for 20 min, during which they were stimulated
at 0.33 Hz. Following this equilibration period, recordings of
[Ca2+]i in the taurine-containing solution were obtained at the dif-
ferent stimulus frequencies as above.

Three parameters were determined in the quantitative analysis
of the changes in [Ca2+]i at each frequency. These were resting (di-
astolic) [Ca2+]i; peak (systolic) [Ca2+]i and the amplitude of the
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Ca2+ transient (peak–resting). For the recordings taken at 0.5 Hz
the time course of decay of the Ca2+ transient was analysed also.
This was done by fitting a single exponential function to the de-
clining phase of the transient from 30–40 ms after the peak to
50 ms before the next stimulus. From this exponential fit a time
constant for the decay of the Ca2+ transient was obtained for each
cell under each condition.

Recirculation fraction

The fraction of Ca2+ recirculated within the cell (recirculation
fraction), was estimated as described by Ravens et al. [24]. Cells
were stimulated at 1.0 Hz until the Ca2+ transient amplitude had
attained a steady state. Stimulation was then stopped for 30 s and
recommenced at either 0.20, 0.25 or 0.33 Hz. The recirculation
fraction was then determined from the linear relationship between
the amplitude of post-rest Ca2+ transient n and n–1. A 5-min re-
covery period was allowed between experimental runs for cells to
return to a steady-state at 1.0 Hz. Once a full set of recordings had
been obtained under control conditions these were repeated in the
presence of 20 mM taurine.

Statistics

All data are presented as means±SEM for n independent cell prep-
arations. The effects of taurine on the [Ca2+]i-frequency response
in control and diabetic cells were analysed using four-factor
ANOVA. At each frequency, only those data sets in which com-
plete, paired observations had been obtained (i.e. –taurine and
+taurine) were included in the analysis, for both control and dia-
betic groups. The time course of decay of the Ca2+ transient data
was analysed similarly.

Results

Characteristics of experimental animals

Body weights and blood glucose levels of the experi-
mental animals were measured prior to, and 8 weeks fol-
lowing, STZ treatment. Initial body weights of the ani-
mals in the control (n=11) and diabetic (n=8) groups
were 282±6 g and 287±11 g respectively. Eight weeks
after STZ treatment the diabetic animals had significant-
ly lower body weights (304±12 g) than the controls
(481±15 g). There was no significant change in blood
glucose levels over the 8-week treatment period in the
control animals, the initial and 8-week values being
6.6±0.5 and 6.2±0.7 mmol/l respectively. In contrast, a
marked elevation in blood glucose was apparent within
the diabetic group with mean values prior to STZ treat-
ment of 7.8±0.4 mmol/l and after STZ treatment
29.3±2.1 mmol/l.

Effects of taurine on the frequency response in control
myocytes

Figure 1 shows an example of Ca2+ transient recordings
from a control cell at two stimulation frequencies in the
absence and presence of taurine. Two features are evi-
dent. Firstly, there is an increase in the baseline, peak
and amplitude of the Ca2+ transient with increasing stim-

ulus frequency and, secondly, at each frequency the addi-
tion of taurine resulted in an increase in the baseline,
peak and amplitude of the Ca2+ transient. Mean values of
diastolic [Ca2+]i, peak [Ca2+]i, and the amplitude of the
Ca2+ transient in control myocytes at different stimulus
frequencies in the absence and presence of taurine are
shown in Fig. 2. As stimulus frequency is increased,
there are significant (P<0.02) increases in all three pa-
rameters of [Ca2+]i both with and without taurine pres-
ent. In addition, taurine itself increased diastolic and
peak [Ca2+]i significantly (P<0.01) at all frequencies
(Fig. 2A, B). The increase in peak [Ca2+]i was not just
due to the increase in diastolic [Ca2+]i since, as shown in
Fig. 2C, the actual amplitude of the Ca2+ transient was
also significantly increased by taurine at all frequencies.

Effects of taurine on the frequency response
in diabetic myocytes

Figure 3 illustrates the mean effects of taurine on [Ca2+]i
in diabetic myocytes at different stimulus frequencies.
As in the control myocytes, diastolic [Ca2+]i, peak
[Ca2+]i, and the amplitude of the Ca2+ transient all in-
creased significantly (P<0.02) with increasing stimulus
frequency. Interestingly, the increases in peak [Ca2+]i and
amplitude of the Ca2+ transient with increasing frequen-
cy in the diabetic myocytes were significantly less than
in control cells. The addition of taurine also significantly
(P<0.01) increased diastolic [Ca2+]i, peak [Ca2+]i and the

Fig. 1 Example of Ca2+ transients recorded from a control isolat-
ed rat cardiomyocyte in the presence (+Taurine) and absence
(–Taurine) of taurine in response to two different stimulus fre-
quencies. The top panel shows Ca2+ transients recorded during
steady-state conditions at 0.33 Hz and 1.0 Hz in the absence of
taurine, whilst the bottom panel shows transients from the same
cell, at the same stimulus frequencies, but in the presence of
20 mM taurine
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amplitude of the Ca2+ transient in the diabetic myocytes
at all stimulus frequencies.

Comparison of the effects of taurine in control
and diabetic myocytes

To assess the relative effects of taurine on the [Ca2+]i
transient in control and diabetic cells, the extent of po-
tentiation of the Ca2+ transient by taurine was deter-
mined for each cell. This was done by calculating the ra-
tio of the amplitude of the Ca2+ transient in the presence

of taurine to that in the absence of taurine. A value of
1 would thus indicate that taurine had no effect (i.e. no
potentiation); a value of 2, for example, would indicate
that taurine had doubled the amplitude. The results of
this analysis are shown in Fig. 4. The trend within the
control cells was for the degree of potentiation of the
amplitude of the Ca2+ transient by taurine to decrease as
the stimulus frequency increased. In the diabetic cells,
however, taurine appeared to potentiate the Ca2+ tran-
sient similarly at all stimulus frequencies. Although not
statistically significant, taurine does appear to potentiate
the amplitude of the Ca2+ transient to a greater degree in
diabetic cells at higher stimulus frequencies, whilst at
lower frequencies the effect is similar in both groups.

Effects of taurine on the time course of the Ca2+ transient

Figure 5 illustrates the effects of taurine on the time-
course of decay of the Ca2+ transient in a control (Fig.

Fig. 2 Effects of 20 mM taurine on diastolic intracellular [Ca2+]
([Ca2+]i), peak [Ca2+]i and the amplitude of the Ca2+ transient in
control cells at different stimulus frequencies. Means±SEM. At
each different stimulus frequency paired comparisons only have

been included, i.e. where data was obtained from the cell in both
the absence (open circles) and presence (open triangles) of taurine
at that frequency; n≥8 for each frequency. *P<0.05 vs. –Taurine

Fig. 3 Effects of 20 mM taurine on diastolic [Ca2+]i, peak [Ca2+]i
and the amplitude of the Ca2+ transient in response to changes in
stimulus frequency in diabetic cells. Means±SEM. At each differ-
ent stimulus frequency only paired comparisons for each cell have
been included, i.e. where data was obtained from the cell in both
the absence (solid circles) and presence (solid triangles) of taurine
at that frequency; n≥5 for each frequency. *P<0.05 vs. –Taurine
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5A) and a diabetic (Fig. 5B) myocyte stimulated at
0.5 Hz. In each case the declining phase of the transient
was fitted with a single exponential function and from
this a time constant was obtained. Taurine had no signifi-
cant effect on the decay time constant in control cells,
the mean values being 571±36 and 553±72 ms in the ab-

sence and presence of taurine respectively (n=11). In dia-
betic cells the addition of taurine significantly (P<0.02)
increased the rate of decay of the Ca2+ transient with the
corresponding values for the time constant being 723±
36 ms in the absence of taurine and 570±50 ms in the
presence of taurine (n=8). In the absence of taurine, the
decay of the Ca2+ transient was significantly slower
(P<0.02) in diabetic cells, but this difference was no lon-
ger apparent in the presence of taurine.

Effects of taurine on the recirculation fraction

The fraction of mobilised Ca2+ recirculated within the
cell (recirculation fraction) was estimated from the rate
of decay of the potentiation of Ca2+ transients following
a period of rest. During the decay of post-rest potentia-
tion the relationship between the amplitude of post-rest
contraction n, and the immediately preceding contraction
n–1, is linear, and the slope of the relationship reflects
the recirculation fraction [24]. This is shown in Fig. 6 in
which the relationship between the amplitude of each
post-rest transient (n) and its immediately preceding
counterpart (n–1) during the decay of post-rest potentia-
tion is shown for control and diabetic cells in the ab-
sence and presence of taurine. It is evident from Fig. 6
that taurine had no effect on the recirculation fraction in
both experimental groups. The recirculation fraction in
control cells was 0.87 (r2=0.94) and 0.75 (r2=0.93) in the

Fig. 4 Potentiation of the amplitude of the Ca2+ transient by
20 mM taurine in control and diabetic cells. Means±SEM. At each
different stimulus frequency the amplitude of the Ca2+ transient in
the presence of taurine has been expressed relative to the ampli-
tude in the absence of taurine. Only paired comparisons for each
cell within the control and diabetic groups have been included (i.e.
where data was obtained from the cell in both the absence and
presence of taurine at that frequency); n≥8 for each frequency in
control group and n≥5 for each frequency in the diabetic group

Fig. 5A, B Example of single Ca2+ transients from a control (A)
and diabetic (B) cell in the presence and absence of 20 mM tau-
rine. The transients were recorded during steady-state stimulation
at 0.5 Hz and have been scaled to the same amplitude to facilitate
comparison of their time course. The declining phase of each tran-
sient has been fitted with a single exponential function shown by
the smooth lines. The time constant of each fitted function is
shown to the right of each transient

Fig. 6 The effects of 20 mM taurine on the recirculation fraction
in control and diabetic myocytes. In both control and diabetic
groups, a single linear function was fitted through the data both in
the presence (open triangles) and absence (open circles) of taurine



absence and presence of taurine respectively. Similarly
in the diabetic cells the recirculation fractions were 0.85
(r2=0.97) and 0.84 (r2=0.96). It is also apparent that the
recirculation fraction is no different in control or diabetic
myocytes, either in the presence or absence of taurine.

Discussion

It has been well documented that taurine is capable of
modulating the contractility of the heart and this has
been linked to possible effects on Ca2+ movements [2,
28, 29]. The present study provides direct evidence that
the addition of taurine to isolated cardiac myocytes in-
creases resting [Ca2+]i, peak [Ca2+]i and, most important-
ly, the amplitude of the Ca2+ transient. This increase in
the amplitude of the Ca2+ transient suggests that taurine
can enhance the mobilisation of Ca2+ within the cell up-
on stimulation, and reveals that the increase in peak
[Ca2+]i is not just secondary to an increased resting
[Ca2+]i. These observations confirm that taurine can ex-
ert modulatory actions on the heart’s contractility by in-
fluencing intracellular Ca2+ movements.

Increases in stimulus frequency resulted in increases
in resting [Ca2+]i, peak [Ca2+]i and the amplitude of the
Ca2+ transient in both control and diabetic myocytes. The
increase in the amplitude can be related to the “staircase”
phenomenon seen in mammalian hearts where an in-
crease in contractile strength accompanies increasing
heart rate [6]. The frequency effect on peak [Ca2+]i and
amplitude of the Ca2+ transient appeared however, to be
blunted in the diabetic cells compared with control cells
and this may be attributable to depression of SR Ca2+-
ATPase activity or the number of SR Ca2+ release chan-
nels, both of which have been reported in diabetic cardi-
ac muscle [25, 33]. The blunting of the increase in am-
plitude of the Ca2+ transient with increasing stimulus fre-
quency could contribute to the depressed contractile re-
serve commonly seen in the diabetic heart by limiting
the inotropic benefit of increases in heart rate [20, 25].
Indeed, in the present study, diabetic cells occasionally
were unable to follow pacing at 2.0 Hz, a frequency that
was never a problem for control cells.

Taurine had marked effects on [Ca2+]i in both control
and diabetic cells. At all frequencies in both groups tau-
rine increased resting and peak [Ca2+]i as well as the am-
plitude of the Ca2+ transient. An increase of approxi-
mately 30% in the amplitude of the Ca2+ transient by
taurine has been reported previously in spontaneously
contracting, cultured, mouse cardiac cells, however, this
was associated with a decrease in the spontaneous rate of
beating and resting level of Ca2+ [32]. The increase in
the amplitude of the Ca2+ transient suggests that taurine
may be increasing the flux of Ca2+ into the cell. En-
hancement of both the L-type Ca2+ current and the fast
component of the inward Na+ current by taurine has been
reported [5, 26]. A taurine-mediated increase in the L-
type Ca2+ current would increase Ca2+ entry directly,
while an increase in Na+ current could have indirect ef-

fects via increased intracellular Na+ levels and subse-
quent entry of Ca2+ via the Na+/Ca2+ exchanger.

Taurine potentiated the Ca2+ transient to a similar de-
gree in control and diabetic cells at the lower stimulus
frequencies, however, at higher frequencies, taurine in-
creased the amplitude of the Ca2+ transient in diabetic
cells to a greater degree than in control cells. The lesser
effect of taurine on control cells at the higher stimulus
frequencies is consistent with an enantiostatic action of
taurine as has been proposed by Huxtable [16]. This en-
antiostatic effect was suggested by several different stud-
ies in which taurine was found to exert effects on con-
traction and ion movements to produce changes in differ-
ent directions depending upon the prevailing conditions
of the cell [5, 10, 26]. In general, under conditions where
[Ca2+] is low, taurine acts to increase contractility, whilst
if contractility is already high, taurine tends to decrease
it or produce little change. Similarly in the present study
when the contractility of the control cells increased at
higher stimulus frequencies the effects of taurine on the
amplitude of the Ca2+ transient became less pronounced.

The reason for taurine’s greater potentiation of the
Ca2+ transient in the diabetic cells at the higher stimulus
frequencies may be related to altered Ca2+ handling
within the diabetic cells. It is generally believed that
Ca2+ mobilisation and contractility are depressed in the
diabetic heart [33]. Consequently, even at the higher
stimulus frequencies used in the present study, the dia-
betic cells were in a condition of relatively low Ca2+ re-
lease and contractile activation. Under this circumstance
taurine appeared, therefore, still to exert a substantial
positive inotropic action.

It has been well documented that there is an increase
in the level of taurine in the diabetic heart [23, 27]. Al-
though the precise reasons for this increase have not
been established, it may represent an attempt to offset
the alterations in Ca2+ handling that occur in the diabetic
state. In this way the depressed Ca2+ transporting activity
in the diabetic myocytes may be overcome, at least par-
tially, by the effects of the increased levels of taurine so
that reasonable levels of contractility can still be main-
tained.

The rate of decay of the Ca2+ transient reflects the re-
moval of Ca2+ from the cytosol. In the rat heart, SR Ca2+

uptake is believed to constitute the major Ca2+ removal
mechanism [4]. In the absence of taurine, diabetic myo-
cytes exhibited a significantly slower decay of the Ca2+

transient than control myocytes. This is consistent with
the well-documented depression in the SR Ca2+-ATPase
activity in diabetes [21, 22]. In addition, depressed activ-
ities of the Na+/Ca2+ exchanger and sarcolemmal Ca2+-
ATPase could also contribute to the slowing in the rate
of decay of the Ca2+ transient in diabetic cells [33].

Taurine had no detectable effect on the rate of decay
of the Ca2+ transient in control myocytes, however, in
the diabetic myocytes taurine significantly increased the
rate of decay. This indicates that in diabetic myocytes
taurine is able to increase the rate of removal of Ca2+

from the cytosol presumably through actions on one of
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This study has clearly shown that taurine is able to in-
crease intracellular Ca2+ levels and Ca2+ mobilisation in
isolated rat cardiac myocytes. There seems little doubt
that this will account for the increase in contractility that
has been shown previously to be produced by this amino
acid. It is most likely that taurine exerts these actions
through effects on one or more of the Ca2+ translocating
mechanisms associated with either the sarcolemmal or
SR membranes of the myocyte. Precisely which of these
mechanisms is being modulated by taurine to produce
the observed effects remains to be resolved, as does the
means by which taurine achieves this modulation.
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