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Fatigue Resistance of Compensatory Activated Diaphragm in the Rat
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Summary

The purpose of this study was to evaluate the alterations in muscle contractility and
neuromuscular transmission in the rat diaphragm under conditions of increased activity.
We used a model of unilateral denervation in the rat diaphragm muscle to induce
compensatory activation on the contralateral side. The activity of compensatory
activated diaphragm was increased by ~40% following 2 weeks of contralateral
denervation. Muscle fatigue induced by repetitive stimulation as well as the contribution
of neuromuscular transmission failure (NF) to fatigue were measured in vitro. Fatigue
resistance was measured as the relative drop in force production during isometric
contractions induced by direct muscle stimulation at 40Hz (330ms trains every sec)
over 2 min, Fatigue resistance was significantly increased in the compensatory activated
diaphragm (33.7+74%), compared to control (26.1%+5.1%). NF was measured by
comparing decrement in muscle force during muscle vs. nerve stimulation at 40 or 75Hz.
The contribution of NF to muscle fatigue was significantly decreased in the
compensatory activated diaphragm (61.3+7.5% at 40Hz, 694 +9.9% at 75Hz) compared
to control (74.1£6.3% at 40Hz, 80.0+3.9% at 75Hz). We conclude that fatigue resistance
is considerably improved in compensatory activated diaphragm due to both maintained
muscle contractility as well as improved neuromuscular transmission.
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Fig. 1. Electromyographic (EMG) activity taken from the right (upper trace)
and left (lower trace) hemidiaphragm muscles of rats subjected to a
denervation (DNV) of right phrenic nerve. Left and right recordings in
each trace were recorded before and 1min after the DNV surgery,
respectively. The spontaneous inspiratory-related EMG activity disap-
peared and increased after the surgery in right and left hemidiaph-

ragms, respectively.

Table 1. Comparison of blood gas data between control (CTL) and
compensatory activated (CAC) diaphragm muscle groups.

Groups (n) pO, (Torr) pCO, (Torr) pH
CTL (5) 99.9+3.3 515+15 7.344£0.02
CAC (5) 96.8+5.4 51.8+2.2 7.3240.02
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401 CTL z
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Twitch Time 1/2 R Time

Fig. 22 Comparison of twitch time (time to
peak force) and half relaxation time
(time to 1/2 of peak force) be-
tween CTL and CAC diaphragm
muscles.

Initial Last (2min)

Fig. 3. Comparison of first and last tetanic
forces during repetitive stimulation
for 2 min between CTL and CAC
diaphragm muscles. Note the sig-
nificant increase in last force with
CAC. *p<0.05 (vs. CT value).
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Fig. 4. Typical samples of tetanic forces
generated by repetitive stimulation
to phrenic nerve every sec over 2
min and superimposed stimulation
to diaphragm muscle every 15 sec.
The differences between forces
generated by nerve and muscle
stimulation indicate neuromuscular
transmission failure (NF).
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Fig. 5. Comparison of contribution of the
NF to diaphragm muscle fatigue
between CTL and CAC. Note the
significant decreases in NF with
CAC (p<0.05).
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