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Abstract

We hypothesize that the adaptation of rat diaphragm muscle to inactivity is affected by
myoneural interactions. We compared two models of hemidiaphragm inactivity; 1)
Denervation (DV) of phrenic nerve, where the interaction between motoneuron and muscle
is disrupted; and 2) Spinal transection (ST) by hemisection of the spinal cord at the C2
level, where the interaction between motoneuron and muscle remains intact. Following 2
weeks of inactivity, in vitro isometric and isotonic contractile properties were assessed us-
ing direct supramaximal muscle stimulation. Maximal tetanic force (Po) was normalized
for cross-sectional area, and maximal unloaded shortening velocity (Vo) was determined
using a slack test. Isometric fatigue resistance was assessed by repetitive stimulation at 40
Hz, and a fatigue index (FI) was then calculated as the ratio of force after 2 min to initial
force. Expression of different myosin heavy chain (MHC) isoforms was determined by
SDS-PAGE gel. Compared to control (CT) group, there was a reduction in Po in both ex-
perimental groups, but this decrease was greater in the DV group than in the ST group. Vo
also decreased in the DV group, but was unchanged in the ST group. FI was higher in the
DV group than in the CT group, but was unchanged in the ST group. These adaptations in
the physiologic properties of muscles were attributable to changes in the expression of
MHC isoforms. The relative contribution of fast MHC isoforms was decreased in the DV
group, but was unchanged in the ST group compared to that in the CT group. Our results
suggest that intact interactions between muscle and motoneurons play an important role in
regulating physiological adaptations of diaphragm muscle to inactivity.
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Fig. 1 Electromyographic

cle of rats subjected to a denervation
(DV) of right phrenic nerve (a), and
_a right spinal transection (ST) at cer-
vical C2 level (b ), respertively. Top,
middle and bottom recordings in each
panel were recorded before, 5 minutes
after surgery and 2 weeks after
surgery, respectively. In both cases,
spontaneous inspiratory-related EMG
activity disappeared completely after
surgery and remained inactive for 2
weeks (time of terminal of experime-

nts).
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Fig. 2 Force/frequency relationship of the di-
aphragm muscle in DV and ST mod-
els. Force/frequency curve of di-
aphragm muscle was affected by 2
weeks of inactivity induced by DV and
ST (a) , Normalized force-frequency
curves of right diaphragm muscle
were shifted to leftward after 2weeks
of inactivity induced by DV, but not in
ST group (b).

*P<0.05 (vs. CT values).
O, @and A& for CT, ST and DV
groups, respectively.

C. MHC isoform fractions
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Fig. 4 {21, Fast MHC isoform # 5 1t & Po (a),
Vo (b), BLUFI (c) LDBBEIRENT V5B,
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Table 1. Myosin heavy chain (MHC) isoform fractions in each group.

MHC isoform fraction(% )

Group
MHC-Neo  MHC-Slow MHC-2A MHC-2X MHC-2B
CT -- 21.240.8 32.8+1. 33.5+1.3 12.5+2.2
DV 0.6+1.3 33.9+1.3* 37.2+2.0* 24.9+1.8% 4.0+1.1%
ST - 23.740.8 28.0+0.8

32.2+0.7 16.1+1.4

nu

*p<0.05 (vs. CT group)

- (a)

— (b)

- (¢)

|

CcT DV

Changes in maximum tetanic tension
(Po) , maximum unloaded shortening
velocity (Vo) and fatigue index (FI) of
right hemidiaphragm muscle after 2weeks
of inactivity induced by DV and ST.
*p<0.05 (vs. CT group) and tp<0.05
(vs. ST group).
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Values: Means£SE (n=8 in each group). CT: control, DV: denervation and ST: spinal transection.
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Fig. 4 Relationships of Po (a) , Vo (b) and
FI (c) to the percentage of Fast
myosin heavy chain (MHC) isoform
including MHC-2A, MHC-2X and
MHC-2B.

O, @and & for CT, ST and DV

groups, respectively.
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