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The relationship between the SR Ca2+ content and peak
systolic Ca2+ during the alterans is explored. Results are
shown in Fig.4. SR Ca2+ content before a large Ca2+
transient is slightly higher than that before a small
transient. The relationship between SR Ca2+ content and
systolic Ca2+ is smooth under control condition, but
becomes much steeper when alternans begins to emerge
(The curves is fitted by the formula [systolic Ca2+] = a +
b× [SR Ca2+]n; control condition: n = 2.1; alternans
condition: n = 16.3.). This steep relationship gives a rise
of a large change of systolic Ca2+ amplitude in response
to a small variation in the SR Ca2+ content. This suggests
that the varied CICR is the key factor responsible for the
intracellular Ca2+ alternans at slow pacing rate.

cytoplasmic Ca2+ alternans still remains. Meanwhile, CaV coupling becomes negative, with a large-small APD
alternans corresponding to a small-large intracellular Ca2+
alternans as shown in Fig.3. It suggests that the alternans
is due to the varied SR Ca2+ release, producing alternating
APD via Ca2+ dependent membrane currents.
Consequentially, the magnitude of ICa,L alternation is not
significant, either the APD alternans. Also, increasing
Ca2+-dependent inactivation tends to shorten APD,
resulting in a shorter APD though the cytoplasmic Ca 2+ is
higher. This leads to the negative Ca-V coupling.

3.2.
Spatially concordant and discordant
alternans

Fig.3. Negative Ca2+-V coupling produced by increasing Ca2+dependent inactivation of ICa,L. (A): Action potential. (B): ICa,L.
(C): Cytoplasmic Ca2+. (D), (E) and (F) are corresponding
superposition graph in two successive beats.

Fig.5. Concordant Ca2+ alternans induced at fast pacing rate.
(A): Initial distribution of SR content. (B): Traces of [Ca2+]i
alternans corresponding to the region marked by the arrow in
panel C. (C): Line scan image of cytoplasmic Ca2+. (D): AP
traces. (E): Superposition of APs in two successive beats.

Spatial Ca2+ alternans is examined in the 75 elements of
the cell model at fast pacing condition (2.86 Hz). In the
model, a Gaussian distribution with a 20% deviation of
the average value is applied for the initial values of the
SR Ca2+ content as shown in Fig. 5A. This results in outof-phase Ca2+ alternans in the 75 elements. But it only
sustains for the first few cycles, and gradually evolves
into in-phase alternans throughout the whole cell. Under

Fig.4. Relationship between [Ca2+]i and the SR content during
alternans. (A): SR Ca2+ content. (B): Systolic Ca2+ amplitude.
(C): relationship of [Ca2+]i and the SR content. Black circles:
control condition. Red circles: alternans condition.
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the fast pacing condition, APD alternans is induced by
incompletely recovery of membrane ICaL current as
discussed above. It tends to synchronize the phase of
intracellular Ca2+ alternans via L-type Ca2+ current. Also,
the large Ca2+ transient during alternans could produce
strong Ca2+ diffusion, which tends to reduce the
heterogeneity of Ca2+ distribution. Both of these effects
drive Ca2+ alternans to be in phase throughout the cell.

4.

Conclusion

In this study, we present different mechanisms
underlying the genesis of Ca2+ and APD alternans
induced at both fast and slow pacing. It is shown that
APD and Ca2+ alternans are correlated with each other via
membrane Ca2+-dependent channels. The interaction
between them is associated with the phase of Ca2+-V
coupling (positive or negative) during alternans. Such an
interaction plays an important role in determining the
spatial pattern of cytoplasmic Ca2+ alternans, either
concordant or discordant throughout the cell.
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