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Abstract

Gut-derived factors in intestinal lymph have been shown to trigger myocardial contractile
dysfunction. However, the underlying cellular mechanisms remain unclear. We examined the
effects of physiologically relevant concentrations of mesenteric lymph collected from rats with
40% burn injury (burn lymph) on excitation-contraction coupling in rat ventricular myocytes.
0.5% burn lymph enhanced myocyte contraction and the amplitude of Ca’* transient by
reducing transient outward K" currents (I,,), thereby inducing cardiac hypertrophy. On the
other hand, 1% burn lymph initially enhanced myocyte contraction, which was followed by a
block of contraction. The initial positive inotropic effect was associated with a prolongation of
action potential duration, leading to significant increases in the net Ca** influx. The negative
inotropic effect was accompanied by a decrease in the action potential plateau and membrane
depolarization.  Voltage-clamp experiments revealed that the positive inotropic effects of 1%
burn lymph were due to an inhibition of I,,, and the inhibitory effects were due to an inhibition of
Ca* currents (I,) and inward rectifier K* currents (Ix;). Also, ventricular myocytes isolated
from hearts of rats at 4 h postburn had an increased contractility and the amplitude of Ca’*
transient by a reduced I,,, whereas had a decreased contractility and the amplitude of Ca’*
transient due to a reduced I, at 24 h. These effects were prevented by mesenteric lymph duct
ligation. These findings provide strong evidence that mesenteric lymph is involved in the onset
of burn-related cardiomyocyte dysfunction, which is associated with the dysfunction of ion

channels such as I,, I, and I;.
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Fig. 1. (A) Example of myocyte contraction. (a) Control. (b) Two minutes after the
application of burn lymph (0.5%). (B) Ca?* transients. (a) Contrdl. (b) Two minutes
after the application of lymph (0.5%).
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Fig. 2. Effects of burn lymph Fig. 3. Effects of burn lymph
(0.5%) on Ito. Families of currents (0.5%) and phenylephrine (20 u M)
elicited by voltage steps from -60 on cellular surface area .

to +60 mV in 20-mV increments
from a holding potential of -80 mV .
(a) Control. (b) One to two minutes
after application of burn lymph.
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Fig. 4. Dual stimulatory and inhibitory inotropic effects of burn
lymph on myocyte contraction. Time courses of changes of twitch
contractions. Twitch contractions taken from indicated times are
shown below continuous recordings.
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Fig. 5. Effects of burn lymph on C&* transients. Ca?* transients recorded before

(control), in the presence of burn lymph, and after washout are shown on
expanded timescale.
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Fig. 6. Effects of burn lymph (1%) on action potential recorded in rat
ventricular myocytes at different time points: control (before burn lymph
application), during application (between 1 and 7 min), and after washout.
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Fig. 7. Effects of burn lymph inward rectifier K* currents (Ig;). A
(1%) on Ito. Families of family of currents elicited from a
currents elicited by voltage holding potential of —40 mV by
steps from -60 to +60 mV in voltage steps from —50 to —100 mV in
20-mV increments from a 10-mV increments before control and
holding potential of -80 mV. after 5-min application of burn lymph.
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Fig. 9. Concentration-dependent block of I, by burn lymph. Current traces
in the absence and presence of burn lymph. I, was elicited by test pulses to
+10 mV from a holding potential of =50 mV at 0.1 Hz.
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Fig. 10. Effects of sham and post burn on
contraction in 4 and 24 h after burn.
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Fig. 13. Effects of sham and post burn on
I, density in 4 and 24 h after burn.
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