Stretch-induced for ce enhancement studied with myosin inhibitors and by varying temperature
G.J. Pinniger,! G.W. Offer? and K.W. Ranatunga,? 1School of Anatomy, Physiology and Human Biology, The
University of Western Australia, Crawley, WA 6009, Australia and 2School of Physiology and Pharmacol ogy,
The University of Bristol, Bristol, BS8 1TD, United Kingdom.

Stretch of an actated muscle causes a transient increase in tension that decays, after the strete#, to a le
greater than the steady state isometric tension at the corresponding muscle length. The mechanisms underlyin
this residual force enhancement (RFE) remain cuats@al (Edman, 2012; Rassje2012), ut have been
attributed to crossbridge and/or non-crossbridge components of the sarcomere. Insight into the crossbridge
contritution to RFE may be achied by perturbing crossbridge kinetics and the distribution of crossbridge
states using myosin inhibitors such as N-bemeidiuene sulphonamide (BTS) and blebbistatin (BBn) or by
varying temperature. This study aimed tamine the crossbridge contribution to thedi@oment of RFE in
intact mammalian muscle fibres by altering crossbridge kinetics and biasing theutlistriof attached
crossbridges to a pre-power steadonformation.

Adult rats were killed with an IP injection of sodium pentobarbitone (Euthatal; > 200 Mg &mall
bundles of intact fibres were isolated from the flexor hallucis brevis and mounted between a force transducer anc
a ervomotor (initial sarcomere length = 24tn; 20°C). The preparationas housed in a flow-through chamber
perfused with physiological solution and continuously bubbled with 95%n@ 5% CQ. Fibre bundles were
tetanized and a ramp stretch of 5% optimal fibre lerigthapplied on the tension plateau at a velocity &f;1
s1. Simulation was maintained for a further 500 ms after the ramp where RFE was measured as the increase in
force abwe the reference isometric contraction. Experiments were repeated with eithbt RS (h = 4), 10
UM BBn (n = 4) o in control solutions at 10, 20 & 30°Ch (= 8). Tension records were analysed for the
isometric tension before stretch JPpeak incremental tension during the stretc)), (Bnd the residual force
enhancement 500ms after the stretch (RFE). Bi-exponential functions fit to the tension records hetwden P
RFE to quantify the amplitude and rate of tension decay after the stretch.

Exposure to 1M BTS reduced maximum tetanic tension 0% R, but increased RFE almost 2 fold
compared to control. BBrxposure greatly inhibited maximum tetanic tension[{t&o P) and attenuated the
tension response to stretch. When ramp stretches were applied dasihguivof BBn the tension response to
stretch resembled that for BTS; Remained high [(85% of control P tension) and RFE increased almost
2-fold. BTS and BBn significantly reduced the rate of tension decay after stpetci®.05) and BTS also
significantly reduced the amplitude of tension decay.

On cooling from 30 to 10°C, Rlecreased by#0% whereas Pdoubled in size and RFE increased by
more than 5 fold. Whereas the amplitude of tension decay after stretch significantly increased on cooling from
30 to 10°C, the rate of tension decay decreasedBy70%) aer the same temperature range. flirther
examine the relationship between crossbridgdicg rate and RFE, we performed regression analyses on the
rate of tension decay and RFE. There were significagéiae mrrelations between normalized RFE amplitude
and the rate of tension decay for BTS and tempera@ued(05).

Three notable obseations arise from these studies: 1) when crossbridge cycling was completely
abolished (1QuM BBn), RFE was small, ui still present which suggests the presence of a non-crossbridge
contritution to RFE; 2) RFE was greatly enhanced when isometric tension was partly inhibitéd BICS and
washout of BBn) and crossbridges biaseddmals the pre-power strektate (either by myosin inhibitors or at
lower temperature); and 3) the rate of tension decay after stretchweeseiy correlated with RFE amplitude
which suggests that reduced crossbridge detachment rates contribute to RFE.

Together these data suggest that thesldpment of RFE arises from multiple mechanisms which may
include a non-crossbridge component such as’s@mendent increase in stiffness of a parallel elastic element
(eg titin; Herzog, 2013); and a crossbridge component which may include a transition fxofort®, pre-
powerstrole aossbridges to high force states and/or strain induced decrease in the crossbridge detachment rate.
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