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be a passive change secondary to vasoconstriction in
other areas. Changes in the NA-induced BF increase
by both al- and a2-adrenoceptor antagonists mirror-
ing the changes in the BF-decrease responses supports
this passive mechanism hypothesis. This mechanism
requires fewer adrenoceptors at the sites of BF in-
crease than at those of BF decrease. McDougall re-
cently reported that adrenergic sensitivity (both «l-
and a2-) was decreased in the knee joint in mono-
arthritic rats induced by injection of CFA [16]. If
these changes are scattered as patches of pathological
tissue changes in polyarthritis induced by CFA, the
distribution of adrenoceptors would perhaps not be
even. If the site with the BF-increase response was
less sensitive to NA, the passive mechanism would be
most likely. Our observation that higher doses of NA
induced only a BF decrease at the sites with the BF-
increase response to SS would supports this hypothe-
sis.

The BF-increase responses to SS observed in this
experiment might also be a passive response resulting
from redistribution of the BF after vasoconstriction in
other areas. If this is the case, the redistribution of BF
must be a local one, because only a slight and incon-
sistent increase of MAP was seen after SS in 67.6% of
the rats. However, different efficacy of antagonists on
SS-induced BF increase from NA-induced BF-in-
crease would suggest redistribution of BF is not the
sole cause for vasodilatation: The SS-induced BF-in-
crease response was blocked by a higher dose of pra-
zosin (0.1 mg/kg, 1.A.) whereas prazosin suppressed
the BF-decrease response to SS at 0.03 and 0.1 mg/kg.
In contrast, the SS-induced BF-increase response was
not blocked by a2-adrenoceptor antagonist even at as
high as 10 mg/kg. Again the BF-decrease response to
SS was suppressed by CH-38083, though at only
I'mg/kg. These differences in effectiveness of antago-
nists suggest an involvement of other mechanisms ad-
ditionally to NA-mediation in the SS-induced vascular
responses.

A few possible mechanisms can be suggested for
this vasodilating response. The first is the $-adreno-
ceptor. Activation of this receptor induces increase in
the contractility of cardiac muscle and relaxation of
vascular smooth muscle. Our present result showed
ineffectiveness of propranolol on the BF increase re-
sponse to SS, thus excludes this possibility.

The second is release of vasodilator substances
such as nitric oxide (NO) from endothelial cells by
a2-adrenoceptor stimulation, but this action was not
found in smaller vessels such as we measured in this
experiment and the BF-increase response to SS was
not suppressed after CH-38083 injection. Our previ-

ous report demonstrated the BF-increase response was
not mediated by the NO system, either [17].

Another possibility for the active mechanism is that
some vasodilating substance(s) might be released
from sympathetic nerve terminals. The known vasodi-
lating substances released from sympathetic nerves
are adenosine 5'-triphosphate (ATP) acting through
P2Y purinoceptors [27], acetylcholine (Ach) in cer-
tain arcas and prostaglandins (PGs) through activation
of presynaptic «2-adrenoceptor on the sympathetic
post-ganglionic nerve terminals in pathological states
[28]. Our preliminary study showed that a muscarinic
antagonist, i.e., atropine, and aspirin, a blocker of
cyclo-oxygenase, had no effect on the BF-increase re-
sponse (data not shown), and that CH-38083 alone
had no effect, either. Therefore, Ach and PGs would
not seem to be involved. ATP has vasodilating action
through P2Y purinoceptor, thus the possible involve-
ment of ATP in the BF-increase response to SS should
be studied.

The fourth possible mechanism for active vasodi-
latation is vasodilatation mediated by neuropeptide(s).
CP-96345 (1 mg/kg), a substance P (SP) antagonist,
tended to reduce the BF-increase response [19]; thus,
SP might have been involved in this phenomenon.
Furthermore, since our preliminary experiment has
shown up-regulation of SP expression in sympathetic
ganglia (unpublished observation), SP co-released
with NA from sympathetic terminals might mediate
the BF-increase response to SS.

In conclusion, involvements of both adrenergic-pas-
sive and non-adrenergic-active mechanisms are sug-
gested in this BF-increase response to SS.

Pathophysiological meaning of the present
study. Along the same line as the present observa-
tion, McDougall et al. reported the vasoconstriction
response to electrical stimulation of sympathetic or
saphenous nerves was diminished in rats with CFA-in-
duced knee joint inflammation [13, 14]. The vasocon-
striction response to SS was reduced in rats with car-
rageenan inflammation as well [15]. These findings
might be the result of altered regulation by postjunc-
tional a-adrenoceptors in blood vessels and release of
vasodilators from inflamed tissues.

Changed vascular response to sympathetic nerve
stimulation was not limited to inflamed condition:
Lundberg ef al. reported that the electrical stimulation
of the sympathetic nerve caused cutaneous vasodilata-
tion in patients with obstructive vascular disease [29].
We also measured BF in rats with chronic constriction
injury using the same methods as in the present exper-
iment, and found a BF-increase response to SS similar
to that in Al rats (data not shown). In that experimen-
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tal series none of the sham-operated control rats
showed a vasodilatation response.

The smooth muscles in resistance arteries regulate

the vasoconstrictor tone, but in the present observa-
tions as well as others this vascular regulation was al-
tered in pathological conditions. These changes in the
response to sympathetic activation in pathological
conditions might play some role in tissue changes in
these conditions. In addition, these changes in vascu-
lar responses should be taken into consideration in the
therapeutic treatment of patients and their everyday
care.
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Effect of Indomethacin on the Development of Eccentric
Exercise—-Induced Localized Sensitive Region
in the Fascia of the Rabbit

Kazunori ITOH and Kenji KAWAKITA

Department of Physiology, Meiji University of Oriental Medicine, Hiyoshi-cho, Funai-gun, Kyoto, 629-0392 Japan

Abstract: The effect of indomethacin on the
development of delayed onset muscle soreness
(DOMS) and localized sensitive region produced
by eccentric exercise was examined in lightly
anesthetized rabbits (n=12, 2.0-3.3kg). Re-
peated eccentric contractions of the gastrocne-
mius (G8) muscle were made by manual exten-
sions during the tetanic contractions induced by
electrical stimulation of the tibial nerve. The de-
velopment of DOMS was confirmed by evoked
reflex EMG in the biceps femoris (BF) muscle
elicited by a quantitative manual extension of the
GS muscle. The distribution of thresholds for the
evoked BF EMG was measured by focal electri-
cal stimulations of the GS muscle. Indomethacin
(5 mg/kg in 2% sodium bicarbonate) or a vehicle
was injected subcutaneously before, during, and

Key words:

after the exercise (a total of 60mg/kg in 12
doses). A clear ropy taut band was palpated at
the GS muscle on the second day after the exer-
cise and a localized sensitive region for evoked
BF EMG was detected at the depth of the fascia
of the band in the exercise and vehicle groups,
whereas no such phenomena appeared in the
control and indomethacin groups. The palpa-
ble band and sensitive region disappeared on
the seventh day after the exercise. That in-
domethacin inhibits the development of DOMS
and the localized sensitive region suggests that a
sensitization of polymodal-type nociceptors in the
fascia mediated by prostaglandins is a possible
mechanism for the development of DOMS and
the localized sensitive region. [Japanese Journal
of Physiology, 52, 173-180, 2002]

localized sensitive region, eccentric exercise, rabbit, palpable band, indomethacin.

Delayed onset muscle soreness (DOMS) is a com-
mon myogenic condition with principal symptoms of
tenderness or soreness of affected muscles accompa-
nied by a reduction in their range of movement. It
usually occurs 24 to 48 h after unaccustomed exercise
or eccentric contractions [1, 2]. However, its underly-
ing mechanisms are not clearly understood. DOMS is
considered to be related to a complex set of reactions
involving micro-injury of the muscle fibers and con-
nective tissues [3], and the participation of an inflam-
matory response is suggested [4]. A cellular infiltra-
tion of neutrophils, macrophages, and inflammatory
mediators has also been demonstrated [5]. In fact, a
repetitive administration of relatively high doses of in-
domethacin, an inhibitor of cyclooxygenase, could

protect against the histological and biochemical
changes of DOMS in mice [6]. Thus mechanical and
biochemical injuries might be responsible for the de-
velopment of DOMS [7].

On the other hand, most reports on the experimental
DOMS described only the appearance of muscle sore-
ness [8, 9]. A few studies reported the distribution of
areas of tenderness [10, 11] and pointed out that the
region of the muscle-tendon attachment was the main
site of tenderness [10]. In our previous study in
human subjects, eccentric exercise of the extensor
muscle of the forearm was found to produce a local-
ized tender region on the palpable band accompanying
the development of DOMS [12]. The taut band was
palpated in the extensor muscle of the forearm near
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the muscle-tendon attachment. The measurement of
pain thresholds in deep tissues clearly demonstrated a
decrease in pain threshold at the fascia [12]. These re-
sults suggested that the sensitization of muscular noci-
ceptors by an inflammatory mediator might be impor-
tant for the development of DOMS and the focal ten-
der region on the palpable band.

The aim of this study was to examine the effect of
indomethacin on the localized sensitive region, which
appears after the DOMS procedures, and to clarify the
participation of the inflammation in its pathogenic
mechanisms.

METHODS

Animal preparation. Twelve rabbits (2.0-3.3
kg, 24 legs) were anesthetized with sodium pentobar-
bital (30 mg/kg, 1.V.). A polyethylene catheter (PESO:
outer diameter of 1.0mm) was then chronically im-
planted into the auricularis caudalis vein, allowing
supplemental doses or continuous infusion of anes-
thetics (20 mg-kg~'-h™!) during the experimental pe-
riod.

Rectal temperature was monitored and maintained
at 39.020.3°C with the use of a heating pad (MK-
900, Muromachi Kikai Co., Tokyo, Japan). Heart rate
was monitored continuously.

The protocol for this study was approved by the
Ethics Commiittee of the Meiji University of Oriental
Medicine.

Eccentric exercise procedure. A lightly
anesthetized rabbit (20 mg/kg sodium pentobarbital,
L.V.) was set on a frame where its hind leg was fixed
on a board to regulate the direction of tetanic muscu-
lar contraction. Repetitive eccentric contractions of
the gastrocnemius (GS) muscle were performed by
manual extensions during tetanic contraction pro-
duced by electrical stimulation of the tibial nerve
(50 Hz, 1 ms duration, 500 pulses at 0.067 Hz, bipolar
insulated needle electrode).

A threshold current for the contraction of GS mus-
cle of less than 0.3 mA was assumed to reflect an ade-
quate electrode placement. Eccentric contractions
were repetitively applied for 20 min (80 times) and re-
peated 3 times with 5min resting periods (a total of
240 times).

Measurements. Rabbits were lightly anes-
thetized by sodium pentobarbital (20mg/kg, 1.V)
every time for measurement, then set on a frame.

Measurement of DOMS. The amplitude of the
EMG of the biceps femoris (BF) muscle elicited by an
extension of the GS muscle was used as an indicator
of DOMS. A surface electrode was attached to the

174

skin over the BF muscle. The plantar was fixed on a
board and the knee joint firmly held; then plantar was
pushed up about 15° in a dorsal direction by a con-
stant force of about 1 kg to extend the GS muscle. The
peak-to-peak amplitudes of the BF EMG were mea-
sured three times, and the median value was used for
statistical analysis. Each reflex EMG was monitored
on an oscilloscope (VC-11, Nihon Kohden, Tokyo,
Japan), and recorded on a thermal array recorder
(RTA-1200M, Nihon Kohden) and data recorder (RD-
1235T, TEAC, Tokyo, Japan).

Distribution of the thresholds and amplitude for re-
flex EMG activity. The distribution of thresholds of
BF EMG evoked by focal electrical stimulation of
various tissues of the GS (RT: reflex thresholds) was
examined. A stainless steel needle electrode insulated
with acrylic resin (180 pum diameter, impedance
39130k} at 1kHz; Nishin Medical Institute,
Osaka, Japan) was used as a cathodal monopolar stim-
ulating electrode.

A anodal metal surface electrode was attached to
the skin 10 mm distant to the needle insertion site, and
the insulated needle was inserted manually in
0.5-1.0mm steps from the skin surface and held in a
guide tube attached to the skin with adhesive tape. A
train of 5 pulses (100 ws in duration) was applied once
every 5s. The threshold of evoked BF EMG was de-
termined when the reflex responses appeared with a
probability over 70%. The cutoff current intensity was
3.0mA.

The amplitudes of the reflex EMG of the BF mus-
cle (RA: reflex amplitude) evoked by focal electrical
stimulation of the tissues on or around the fascia of
the GS muscle at a constant intensity (0.5 mA) were
also recorded. They were averaged 10 times at inter-
vals of 55 (Averager, DAT 1100, Nihon Kohden), and
the averages were recorded on a thermal array
recorder (RTA-1200M, Nihon Kohden) and data
recorder (RD-1235T, TEAC). The peak-to-peak am-
plitudes of the BF EMG were measured and used for
statistical analysis.

Experimental schedules.

Experiment 1. Six rabbits (12 legs) were allocated
to the control group (n=6, no exercise) and exercise
group (n=0, exercise only) in a crossover manner at
intervals of about 1 month. The measurements of BF
EMG evoked by the extension of the GS muscle were
made before, immediately after, and 1, 2, 3, and 7d
after the exercise.

On the second day after exercise, the GS muscle
was carefully palpated and the skin over the detected
ropy band was marked. Our previous study in human
subjects demonstrated that the minimum pain thresh-
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old region (tender point) could be detected on a taut
band in the eccentric exercised muscle. The distribu-
tion of the RT and RA over the taut band were then
measured systematically at 2 mm intervals in the exer-
cise group. Similar measurements were made on the
seventh day after exercise.

Experiment 2. Six rabbits (12 legs) were allocated
to the indomethacin group (r=6, exercise+in-
domethacin) and the vehicle group (n=6, exercise+
vehicle) in a crossover manner at intervals of about 1
month. Indomethacin (Wako Pure Chem. Ind., Ltd.,
Osaka, Japan) was dissolved in 2% sodium bicarbon-
ate (Iml) and titrated to pH 7.4 with sodium
monophosphate. Two percent sodium bicarbonate was
used as the vehicle. Indomethacin (5 mg/kg) or the ve-
hicle was injected subcutaneously before, during, im-
mediately after, and 0.5, 1, 1.5, 2, 3, 4, 5, 6, and 7d
after the exercise (a total of 60 mg/kg indomethacin).

Measurements of the development of DOMS were
made before, immediately after, and daily on days 1
through 7 after the exercise. The distribution of RT's
and RAs was examined on the second day after the
exercise. The area corresponding to where the palpa-
ble band appeared in experiment 1 was also examined.

Statistics. The data are reported as mean*stan-
dard deviation (mean=SD). The nonparametric multi-
ple test of Tukey and Dunnett’s multiple test
(StatView ver. 5; SAS Institute Inc., NC, USA) was
used for the statistical analysis. A p<<0.05 was defined
as statistically significant.

RESULTS

Exercise-induced muscle soreness and local-
ized sensitive region

In the exercise group, the exercised legs were kept
in a slightly flexed position, and withdrawal response
in several cases occurred when the GS muscle was
palpated on the 2nd day after the exercise. Increased
stiffness of the GS muscle was frequently observed,
and these phenomena disappeared on the seventh day.
Clear EMG activities were evoked by manual exten-
sion of the GS muscle immediately after the exercise
and increased to a maximum on the second day (Fig.
1A). They decreased to baseline on the seventh day
after the exercise (Fig. 1B). The baseline EMG ampli-
tude of 7.50%+4.37 wV increased to 166.1£66.0nV,
and this increase was found to be statistically signifi-
cant (p<<0.01, Dunnett’s multiple test). The EMG ac-
tivities of the BF muscle were usually brief bursting
discharges. However, prolonged EMG activities were
also observed in several cases. The spontaneous EMG
activity was also increased to 23.33+15.68 uV, from

300
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Fig. 1. Evoked EMG activity of the biceps femoris
muscle elicited by the extension of the gastrocnemius
muscle. The graph shows the changes in amplitude of
evoked EMGs of the biceps femoris. Solid circles and solid
squares indicate the control and experimental groups, re-
spectively. Asterisks show significant differences compared
with the baseline amplitude (pre) (Dunnett's multiple test:
* p<0.05, ** p<0.01). The examples of reflex EMGs (upper
traces) were those on the second (A) and seventh (B) days
after exercise. The monitored force to extend the GS mus-
cle were shown in the lower traces. Pre, before exercise;
Post, immediately after.

7.50+4.37 wV (pre-exercise), on the second day after
exercise in the exercise group (Dunnett’s multiple test,
p<0.05), the change in spontaneous activity had dis-
appeared on the seventh day after the exercise. On the
other hand, in the control group (no exercise), exten-
sion of the GS muscle evoked no reflex activities dur-
ing the 7-d experimental period.

A ropy taut band was palpated and a localized sen-
sitive region detected on the band on the second day
after exercise. The taut ropy band (1.30.5 mm wide,
17.7+4.7 mm long, n=6, mean*SD) was palpated in
the GS muscle near the muscle-tendon attachment.
The low RT region on the palpable band usually ap-
peared at the restricted area to 4-8 mm distal to the
external condyle of the tibia.

The spatial distributions of RT on and around the
palpable band are summarized in Fig. 2. On the sec-
ond day after the exercise, the RTs were remarkably
decreased at the depth of the fascia on the palpable
band (Fig. 2A). A significant difference between the
minimum RT region and other measured points was
detected on the second day (Tukey, p<<0.05). No lo-
calized low RT region was detected on the seventh day
(Fig. 2B). On the second day after the exercise, the la-
tency of the evoked BF EMG was 47.7+4.4ms

Japanese Journal of Physiology Vol. 52, No. 2, 2002 175



K. ITOH and K. KAWAKITA

fascia
—imm
A B
=
E
<
o proximal .
Sv-d
lateral

«f;
o
&

2,

s

(mean*xSD, n=6), and this had not changed signifi-
cantly on the seventh day (46.8+=2.1 ms).

Figure 3 shows the spatial distributions of RA
elicited by a constant current stimulus intensity (upper
columns) and representative examples of evoked
EMGs (lower traces). At the center of the columns is
the largest EMG activity provoked by the stimulation

B RT(mA)

25 |

2
1.51
1}

Fig. 2. Distribution of thres-
holds for the reflex EMG (RT)
of the biceps femoris evoked
by focal electrical stimulation
of the GS muscle at different
depths on the second {A) and
seventh (B) days after exer-
cise. The column center were
adjusted to superimpose the
minimum threshold region in
each rabbit. The asterisk in fas-
cia (A) shows a significant dif-
ference between the center col-
umn and the surrounding eight
(nonparametric Tukey's multiple
test, p<0.05).

Fig. 3. Distribution of the amplitude
of reflex EMG (RA) of the biceps
femoris elicited by the constant electri-
cal stimulation (0.5 mA) of the fascia in
the GS muscle on the second (A) and
seventh (B) days after exercise. The lo-
cations of the measuring site were the
same as in Fig. 2. The asterisk in the fas-
cia shows a significant difference be-
tween the center column and the sur-
rounding eight (nonparametric Tukey's
multiple test, p<0.05). The lower trace
shows examples of the reflex EMG
recorded when the center column (black)
was stimulated on the second and sev-
enth days after exercise (T: electrical
stimulation).

of the fascia, and no EMG activity was elicited by
stimulation 1 mm above or below the fascia in the ex-
ercised muscle on the second day after exercise. The
evoked EMG amplitude at the most sensitive region
on the palpable band was 0.95£1.01 mV (central col-
umn), and the other eight measured RAs were lower
than in the central region (0-0.41+0.35mV). On the
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seventh day (Fig. 3B), the restricted high RA disap-
peared.

Effect of indomethacin on exercise-induced
muscle soreness and localized sensitive re-
gion

The amplitude of the BF EMG elicited by the ex-
tension of the GS muscle is shown in Fig. 4. In the ve-
hicle group, the evoked EMG was not recorded except
for the spontaneous EMG before the exercise, and it
appeared on the second day after exercise. It increased
to 197.3+833 1V, from 8.8%=81pnV. The evoked
EMG was usually brief bursting discharges (Fig. 4A).
On the other hand, in the indomethacin group, the am-
plitude of evoked EMG was slightly increased on the
second day after exercise (Fig. 4B), though the differ-
ence was not significant (Dunnett’s multiple test,
p=0.281).

On the second day after exercise, spontaneous
EMG activity had also increased to 15.3=9.2 .V,
from 8.8*8.1wV, in the wvehicle group, and to
14.8+8.8 WV, from 11.2+7.9 1V, in the indomethacin
group. These differences, however, were insignificant.

In the exercise group, a ropy taut band was palpated
over the GS muscle at the muscle-tendon attachment
about 1.4-1.6 mm lateral to the tibia. The minimum
threshold region was restricted to 4-8 mm distal to the
external condyle of the tibia. The RT and RA were
measured 10-22 mm lateral to the tibia and 0—14 mm
distal to the external condyle of the tibia.

The contour line illustrates the distribution of RT
and RA in the vehicle and indomethacin groups. In

RT(mA)

124

.l

the vehicle group (Fig. 5A), at the depth of the fascia,
needling stiffness increased on reaching the palpable
band, and RTs were decreased. At the center of the
measured area (16 mm lateral to the tibia and 6 mm
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Fig. 4. Effects of indomethacin on the amplitude of
the evoked EMG of the biceps femoris elicited by an ex-
tension of the gastrocnemius muscle. Solid diamonds
and triangles are those of the indomethacin and vehicle
groups, respectively. Traces in A and B are the reflex EMGs

of the vehicle and indomethacin groups on the second day
after exercise. The notation is the same as in Fig. 1.
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spectively.
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distal to the external condyle of the tibia), the RT was
lowest (Fig. SA, upper) and its RA highest of all areas
(Fig. 5A, lower). A palpable band could also be de-
tected in the measurement areas of GS muscle, and a
localized sensitive region existed on the palpable
band. The latency of the reflex EMG was 44.3%+
5.6 ms. On the other hand, in the indomethacin group
at the depth of the fascia, the change of needling stiff-
ness was not detected. The latency of the reflex EMG
was 46.7%= 7.0 ms. The distribution of the RT (Fig. 5B,
upper) and RA (Fig. 5B, lower) were almost similar,
and the location of the palpable band could not be de-
termined. It is clear that the RTs in the indomethacin
group were much higher than those in the vehicle

group.
DISCUSSION

In the present study, a localized sensitive region at the
depth of the fascia of the palpable band developed
after eccentric exercise in rabbits. An administration
of indomethacin inhibited the development of the sen-
sitive region and palpable band as well as DOMS.
These results suggest that the sensitization of muscu-
lar nociceptors by prostaglandins might be important
for the development of DOMS and the localized sen-
sitive region on the palpable band.

Experimental DOMS in rabbit. Many investi-
gators have demonstrated that the most effective way
of inducing DOMS is through exercise that incorpo-
rates eccentric muscular contractions [13]. Eccentric
contraction induces greater tension and is considered
to be the major cause of mechanical disruption of the
muscle fibers and connective tissue [5, 14]. In this
study we used the rabbit as an experimental animal.
Under light anesthesia, tetanic contractions were pro-
voked by electrical stimulation of the tibial nerve, and
the GS muscle was then manually extended during
contractions. These procedures could produce tender-
ness in the exercised muscle with a focal sensitive re-
gion on a palpable band in the rabbits. In our previous
study in humans, we demonstrated that a localized
tender region appears on the palpable band on the sec-
ond day after eccentric exercise [12]. A similar local-
ized sensitive region on a palpable band developed in
the present study.

The amplitude of evoked EMG of the BF muscle
was used as an index in this study. The evoked EMG
could not be elicited by mechanical distension of the
GS muscle in the control group, and it appeared when
the affected muscle was extended several days after
the exercise. The time course of the changes in the
amplitude of evoked EMGs was quite similar to that

measured in subjective soreness [12].

The evoked EMG of the BF muscle elicited by an
electrical stimulation of the foot, called withdrawal re-
flex, has long been used as a useful index of pain in
human subjects [15, 16] and of nociception in experi-
mental animals [17-19]. In human psychophysical
study, the amplitude of withdrawal reflex was shown
to be correlated with the subjective pain magnitude
ratings [15, 16]. The responsible afferents for the
withdrawal reflex, however, were estimated from its
latency in experimental animals [18, 19], and A-delta
and C-afferent fibers in the withdrawal reflex has also
been strongly suggested [17].

In this study the latency of EMGs evoked by focal
electrical stimulation of the GS muscle exceeded
40 ms, and a rough estimation of the conduction ve-
locity of the afferent fibers was less than 10m/s,
which suggested the participation of thin afferents in
this reflex circuit. Thus the amplitude of the evoked
EMG of the BF muscle might be a reasonable indica-
tor for the measurement of DOMS.

Effect of indomethacin on DOMS. The pre-
sent study clearly shows that a repetitive administra-
tion of indomethacin inhibits the development of a lo-
calized sensitive region as well as DOMS, and it also
suppresses the formation of a palpable band. We used
a relatively large dose of repetitively administered in-
domethacin, following a protocol in mice that suc-
ceeded in preventing the development of DOMS [6].
The adequacy of the dose and its form of administra-
tion are undoubtedly important. That the rabbits in the
indomethacin group showed no abnormal behavior
and had no apparent illness indicated that the dose
used and the method of administration were suitable
for the experiment. In contrast, several studies have
demonstrated that the administration of nonsteroidal
anti-inflammatory drugs (NSAIDs) could not protect
against the development of DOMS in humans [20,
21], suggesting a role for noninflammatory mecha-
nisms in DOMS. The importance of dose, administra-
tion times, and route of administration has been indi-
cated [22], so the negative results of the NSAID stud-
ies should be carefully reconsidered.

Thus it is suggested that the development of DOMS
and a localized sensitive region might be associated
with various changes in the inflammatory process,
such as minor tissue injury and sensitization of noci-
ceptors by prostaglandins.

Mechanisms of appearance of a localized
sensitive region. It is well known that the activ-
ity of group Il and IV afferent receptors are related to
muscle pain [23] and found mostly within the connec-
tive tissue of muscle [2]. In particular, the fascia is
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one of the most sensitive among the deep tissues [24,
25]. Most thin afferent fibers in muscle are thought to
innervate polymodal-type receptors. They are easily
sensitized by various chemical mediators such as
prostaglandins [23, 26, 27], which are released in in-
jured muscular tissue [7, 28]. In various inflamed tis-
sues, silent or sleeping nociceptors have been found
[23]. Although these receptors have not yet been
found in skeletal muscle, they may be one cause of the
development of DOMS and the localized sensitive re-
gion. Thus the inflammatory process following mus-
cle injury may be important in the production of the
muscle soreness [3, 7].

Usually the inflammatory process provoked by the
tissue injury takes several minutes to hours, but not
days. However, the time courses of serum pro-
staglandin E; (PGE,) level changes and the degree of
muscle soreness are closely related [4, 29]. It is hy-
pothesized that elevated muscle calcium stimulates
macrophages to synthesize PGE, [29]. In muscle, high
[Ca?"] stimulates the production of PGE, [30]. More-
over, the macrophage is the predominant cell type at
the site of injury 23 d after eccentric contraction and
is capable of releasing large quantities of PGE, [31].

Indomethacin is a kind of NSAID and a potent in-
hibitor of prostaglandin synthesis, which suppresses
peripheral inflammation, and inflammation-induced
pain [32]. Because indomethacin inhibits the develop-
ment of a localized sensitive region, the sensitization
of polymodal-type nociceptors in the fascia mediated
by prostaglandins might be one of the possible mecha-
nisms.

In the present study, the musculotendinous attach-
ment area was the most sensitive region, and a sensi-
tive region appeared on the palpable taut band. The
mechanisms of the formation of a palpable band and
the sensory region on it are not clear. However, the in-
flammatory process elicited by tissue injury may be
closely related to their appearance. The musculotendi-
nous attachment might be the area sensitive to the ec-
centric contraction, and an application of intense ten-
sion here might easily cause a minor tissue injury.

Possibility of central sensitization in
DOMS. Recent ischemic conduction block experi-
ments demonstrate the participation of thick afferent
fibers in the development of a muscle soreness sensa-
tion and suggest central sensitization (allodynia) in
DOMS [33]. A decrease in the thresholds of nocicep-
tive dorsal horn neurons in the acute inflammation is
well known [34]. An expansion of receptive fields and
the appearance of new receptive fields were induced
by the intramuscular injection of chemical algesic
agents [35]. The data from these animal experiments

also suggest that central changes occur when muscle
tissue is injured by DOMS. The possibility of central
sensitization in DOMS cannot therefore be excluded.
However, the appearance in the present study of a
very localized sensitive region in the fascia on the pal-
pable band is difficult to explain in regard to central
sensitizing mechanisms.

The authors wish to thank Dr. K. Okada for their comments
on the manuscript, and M. Kuwano, H. Hagiwara and T.
Kanemoto, for their assistance in this study.
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