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Effects of neuromuscular electrical stimulation on contractile function in
extensor digitorum longus muscle from adjuvant-induced arthritis rat
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THBOLN, BEEESEEFEIND. Z0 RA IZHEIHNETIX, FEMRES
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ThHd7yany FMEER (AIA) v b2AW, ES FL—=U7BEHTH
REHS (EDL) OUUEREEICRIETTREIZOWTHRELE.
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YOBEBRBEO NI E0b, AIA 2 BEERAMETORRIZIE, 77
FUEFTIRRL, TRAIVOBECLLESTIEESRBIN. BEER
LT, AHEORER, ES 1T AIA 7 v FOREBFHIZBITAIBEEENET %
BHIET B L EBIT, T/FUVBLOTRAI VOBRELEIHI L. ZOESICX
DEEIBIEFEZI, T7F o BIUOT X I U 0BEL2IHET S ABC 0N
NEETHFEENEZ bNS. £7-, nNOS R NOX2 IIFBEF¥HELHE T CR
DONBHEBER L RIZBWTEERERZRET. —F, PGC-lo 1%, KiE-
BLRX P L RAREMGBITHERAZE T LN TRENTWS. LENR-T, ES
FL—= 72X % PGC-1a DML, AIA 5 v F® EDL (2317 % nNOS B &
U'NOX2 OFEBREMAIT B L T, BILA P LRIZKDZ U RV BRENZE
BLE=rb LW, 7aTF7 Y —AhlX, 22X F b Li=¥ o I G2 5R
THILT, TNONEENTIDOEEHIET S, Lo T, KEFFED ATA+ES
BIZBWT, FUo R BBEADZCXFF AN BO LI 25, ES FL—
=V, eTTY—LbEEEET R L CEEROERICHE S HiEES
R L7-FREERE Z b 3.
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o, ES hL—=V71%, RAICESI BHETICRTE2E xR THd L %E
Zbh5.
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[OBJECTIVE] Patients with rheumatoid arthritis (RA) have joint deformity, pain and
muscle weakness, leading to impairment in activity of daily living. The muscle
weakness in RA patients was shown to result not only from muscle atrophy, but also
from decreased force per cross-sectional area (i.e., specific force). On the other hand,
neuromuscular electrical stimulation (ES) is a promising way of muscle strength
training for RA because it can be applied without excessive stress on joint and can
activate fast-twitch muscle fibers at relatively low contractile intensity. However, little
is known about whether ES training overcomes decreased muscle strength in RA.
Therefore, in this study, we evaluated the effects of ES training on muscle function in
fast-twitch extensor digitorum longus (EDL) muscles from adjuvant-induced arthritis
(AIA) rat, which is an animal model for RA.

[METHODS] Male Wistar rats were divided into three groups: control (CNT), AIA,
and AIA with ES (AIA+ES) group. AIA was induced by an injection of complete
Freund’s adjuvant to the knee joint cavity. The ES training was performed at 60% of




isometric maximum contractions lasting 2 s with a 4 s resting period between each
contraction with 50 Hz stimulation frequency. Each training session included ~37
contractions and was applied every other day for 3 weeks. Forty-eight hours after the
last ES training, EDL muscle was excised and analyzed for physiological and
biochemical analyses.

[RESULTS] EDL muscles from AIA rats showed reduced maximum specific force.
This contractile dysfunction was accompanied by aggregation of actin and desmin
molecules. ES training prevented these alterations in AIA EDL muscles without having
any deleterious effect on the arthritis development. Moreover, the levels of aB-crystallin
(ABC) and peroxisome proliferator-activated receptor gamma coactivator (PGC) 1-a
were increased in the AIA+ES group. Compared to CNT group, neuronal NO synthase
(nNOS), NADPH oxidase (NOX) 2, and protein ubiquitination were significantly
increased in AIA group.

[DISCUSSION] We recently suggested that the aggregation of actin results in loss of
specific force in EDL muscles from AIA rat. In addition to the modification of actin, the
present study showed the desmin aggregation in AIA EDL muscles. Desmin has an
important role in force transmission in skeletal muscle. Thus, aggregation of desmin as
well as actin is likely to contribute to the decreased specific force in AIA EDL muscles.
Importantly, ES training prevented both the reduction in specific force and the
formation of aggregation in actin and desmin in AIA EDL muscles. These protective
effects of ES could be mediated by increased ABC content in AIA EDL muscles
because ABC has been shown to act as molecular chaperon in preventing proteins from
aggregation. nNOS and NOX2 are known to play a critical role in oxidative stress
observed in pathological conditions. In contrast, PGC-1a was shown to inhibit the
inflammation-oxidative stress pathway in skeletal muscle. Thus, our data imply that ES
training-induced increase in PGC-lo expression may contribute to the decrease in
nNOS and NOX2 expression. This then leads to the reduction in protein aggregation
induced by the oxidative stress in AIA EDL muscle. It was shown that proteasome
protects against formation of protein aggregates by degradation of ubiquitinated
proteins. Therefore, our results of decreased ubiquitination in protein aggregates in
AIA+ES group suggest that ES training prevents actin and desmin aggregation by an
activation of proteasome function in AIA EDL muscles.

[CONCLUSION] This study showed that the decrease in specific force was prevented
by ES training, which was accompanied by reduction in actin and desmin aggregation in
AIA EDL muscle. Furthermore, our data suggest that the ES training inhibits
aggregation of these proteins through an augmentation of 1) anti-aggregation effects of
ABC, 2) anti-inflammatory effects of PGC-1a, and/or 3) pro-degradation effects of
proteasome. These data implies that ES training can be used to effectively overcome
muscle weakness in patients with rheumatoid arthritis.
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