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Fig.1. Cross section of rat control EDL (A-D) and soleus(E-H)muscles. X 350.

A and E, HE stain; B and F, routine ATPase stain; C and G, ATPase stain preincubated
at pH 4.6; D and H, ATPase stain preincubated at pH 4.2.

1, type 1 fiber; 2A, type 2A fiber; 2B, type 2B fiber; 2C, type 2C fiber.
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Table 1. Histological changes in rat EDL and soleus muscles after bupivacaine

treatment.
Basophilia Central nuclei Fiber splitting
week EDL soleus EDL soleus EDL soleus

1 + + 64.0 38.0 2.5 1.5

2 + + 74.0 23.0 2.0 3.5

3 + + 45.0 40.5 7.0 8.5

4 - - 31.0 31.5 6.0 7.5

5 - - 53.0 44.5 2.5 7.5

6 - - 46.0 10.5 1.0 7.0

7 - — 25.5 1.5 3.0 1.5

8 - - 28.0 1.0 1.5 2.5
control - - 1.0 1.0 0.0 0.0

The value means the frequency of central nuclei and fiber splitting appeared in

muscle fibers.
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Fig. 2. Cross section of rat EDL and soleus muscles. AO stain. X344.
A) Control EDL muscle. B) EDL muscle a week after bupivacaine treatment.
Regenerating fibers are characterized by small diameter, central nuclei, and intense
fluorescence. C) Control soleus muscle showing stronger orange fluorescence than EDL
muscle. An arrow indicates a mast cell. D) Soleus muscle a week after bupivacaine
treatment. Regenerating fibers are seen in the right side.

Table 2. Percentage of histochemical type of fibers in rat EDL and soleus muscles after
bupivacaine treatment.

fiber type EDL soleus
week 1 2A 2B 2C 1 2A 2B 2C
1 0.0 36.0 26.0 38.0% 17.0 6.5 7.5 69.0%
2 5.0 38.5 42.5 14.0%* 76.0 1.5 2.5 20.0%*
3 13.0 37.5 43.0 6.5 79.5 10.5 0.0 10.0
4 16.5 39.0 35.5 9.0 86.0 9.5 0.0 4.5
5 11.0 41.0 42.0 6.0 81.0 15.5 0.0 3.5
6 8.5 35.5 53.0 3.0 84.5 11.5 0.0 4.0
7 5.0 38.5 55.0 6.5 77.5 15.0 0.0 7.5
8 9.5 38.0 49.0 3.5 84.5 11.5 0.0 4.0
control 9.5 38.5 46.5 5.5 75.5 18.5 0.0 6.0

* P<0.005 vs control (x ? test).
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Table 3. Changes of muscle {iber diameter in rat EDL and soleus muscles after bupivacaine treatment.
fiber type EDL(mean+S.D.) soleus(mean+S.D.)
week 1 2A 2B 2C 1 2A 2B 2C
1 - 21.5+ 3.8% 18.8% 4.3* 17.5% 3.0* 29.4% 8.9* 22.1%10.8* 25.4%x7.2 26.7£7.3*
2 20.1+3.2* 37.0%+ 9.5* 29.2% 8.9* 20.3% 4.3 31.4% 8.9* 22.9+ 4.0* 34.9%9.6 30.7kT7.6*
3 23.1+4.9* 43.1%+10.4 32.4x11.1 19.9+ 3.5 31.2+ 8.2* 30.2+ 8.0° - 29.5:+4.2*
4 25.2+4.7 50.1%11.3 36.9+ 9.3 24.9+ 7.2 3.4+ 7.5 37.9+11.1 - 23.0k6.7*
5 23.9+4.6* 43.1% 9.1 34.6-£10.3 24.7+ 6.9  39.3%10.3 39.1+= 7.4 - 29.3+8.8*
6 26.0+4.9 60.6%+10.6** 42.9+10.1** 25.6% 6.1 41.2+11.2 49.3+ 9.8** - 36.9:£7.0
7 27,.9+7.4 43.9%12.5 37.9411.5  38.3k11.4** 46.6+10.0** 43.7= 7.9 - 37.9+5.5
8 22.05.4* 53.6420.8 41.2%15.8 36.7£11.1** 42.5£11.2** 46.2+ 7.8 - 45.9+5.0
control  29.1:4.8 48.6% 8.2 36.64 9.5 26.1+ 4.0 39.1% 6.7 39.3+ 5.9 - 40.46.1

The value shows mean=S.D. of fiber diameter (x m) of 200 muscle fibers.
* (smaller) and ** (larger), P<0.01 vs control (ANOVA f{ollowed by Duncan’s t test).

Table 4. Percentage of AO fluorescent fibers appeared in rat EDL and soleus muscles

after bupivacaine treatment.

EDL soleus
week H# + + - i s + -
1 68.0 16.5 13.0 2.5% 54.0 28.0 13.5 4.5%
2 13.0 26.5 53.5 7.0% 6.0 34.5 48.5 11.0%*
3 5.5 22.5 56.5 15.5% 0.5 30.5 59.5 9.5%
4 0.0 14.5 49.5 36.0% 1.5 9.5 7.0 12.0
5 0.0 9.5 35.5 55.0 0.0 12.0 T4.5 13.5
6 0.5 13.5 32.0 54.0 0.0 14.5 T4.0 11.5
7 0.0 3.5 36.0 60.5 1.0 11.0 77.0 11.0
8 0.0 5.5 39.5 55.0 0.5 12.0 74.5 13.0
control 0.0 8.5 30.5 61.0 0.5 12.5 69.0 18.0
#, muscle fibers showing marked orange fluorescenice in the sarcoplasm; 4,

muscle fibers showing moderate fluorescence not only in the subsarcolemmal space
but inside the muscle fiber; +, muscle fibers having fluorescence only in
subsarcolemmal space; —, muscle fibers having little fluorescence. *. P<0.01 vs

control (Mann-Whitney’s U test).

Fig.3. Cross section of rat EDL and soleus muscles a week after bupivacaine treatment. X

350.

A) EDL muscle. Mononuclear cell infiltration and small regenerating fibers are shown.
HE stain, B) EDL muscle. Routine ATPase stain. C) EDL muscle. ATPase stain
preincubated at pH 4.6. D) EDL muscle. Fiber type differentiation is noted in regenera-

ting fibers (B-D). ATPase stain preincubated at pH 4.2. E) Soleus muscle. Regenerating
fibers in the left are hardly differentiated in terms of fiber type. NADH-TR stain. F)
Soleus muscle. HE stain. G) Soleus muscle. Routine ATPase stain. H) Soleus
muscle. Regenerating fibers with central nuclei are characterized as type 2B or 2C fiber
(G, H). ATPase stain preincubated at pH 4.2.
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Fig.4. Cross section of rat EDL and soleus muscles treated with bupivacaine. X350.
A) EDL muscle 2 weeks after treatment. Reduced variability in size, no cell infiltration,

and many central nuclei are noted. HE stain.
Muscle fibers become differentiated in type.

B) EDL muscle 2 weeks after treatment.
NADH-TR stain. C) Soleus muscle 3 weeks

after treatment. Fiber splitting (*) is identified in both type 1 and 2 fibers. Routine
ATPage stain. D) EDL muscle 8 weeks after treatment. Fiber splitting and central nuclei

remain. HE stain.

EDL soleus

Basophilia
Central nuclei
Fiber splitting

Fiber diameter il R = 7
Type 2C fiber

0~RNA

fluorescent 3 7 25

fibers T2 3456 7 Bwek 1 2 3 4 5 6 7 Bweek

Fig.5. Scheme of histological changes in rat EDL
and soleus muscles after bupivacaine treatment.

Table 5. Percentage of core / targetoid fiber
appeared in rat soleus muscle following
tenotomy

Days following tenotomy Core/targetoid fiber

4 15.0
7 18.0
11 34.5
14 19.0
21 12.0
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A

Fig. 6. Cross section of tenotomized rat soleus muscle.

A) Loss of interfibrillar pattern in muscle fibers indicated by %. Mild cell infiltration is
noted, but neither basophilia nor fiber splitting is seen. HE stain. X350. B) High-power
view of the same area in A. Loss of interfibrillar pattern is shown in extra-fusal and also
in intra-fusal fiber (arrow). HE stain. x500. C) Moth-eaten fibers and core/targetoid
fibers ( * ), in which the oxidative enzyme activity is lost. NADH-TR stain. X350. D)
Decreased ATPase activity in core/targetoid in type 1 (small arrow) and in type 2 (large
arrow)fibers. Routine ATPase stain. X 350.

N denotes the nerve ; S, muscle spindle.

Table 8. Histological changes in rat soleus muscle 11 days after tenotomy.

.. Central Fiber Acridine orange stain Fiber type
Basophilia 1\ cjei splitting 4 4 + - 1 2A 2B 2C
"I‘enotomy — 5.5 0.5 3.0 14.5 63.0 19.5 78.5 15.0 0.0 6.5
Control - 1.5 0.0 0.0 11.0 67.5 21.5 71.5 24.0 0.0 4.5

The value means the same as in table 1. —, negative finding.
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Fig. 7. Cross section of rat soleus and gastrocnemius muscle 11 days after tenotomy.
A) Control soleus muscle. AO stain. X344, B) Soleus muscle. NADH-TR stain. X500.
C)Gastrocnemius muscle. NADH-TR stain. X250. D) Soleus muscle. Some of the
tenotomized muscle fibers show AO-RNA fluorescence in more-than-control staining (A).
AQ stain. x344. E) Soleus muscle. AO stain. X625. F) Gastrocnemius muscle.
Moth-eaten fibers and core/targetoid fibers (arrows in B and C) show little fluorescence
(arrows in E and F) in serial section. AO stain. X 315.
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Fig.8. Scheme of different histological changes
between rat soleus muscles after bupivacaine
treatment and those after tenotomy.
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Abstract

To investigate the pathogenesis of core/targetoid fiber following tenotomy, morphological
difference between muscle fibers repaired after tenotomy and those regenerated after bupivacaine
treatment was studied using histochemical methods. Muscle fiber diameter and the number of
basophilic fibers, fiber splittings, central nuclei, type 2C fibers, and orange fluorescent fibers with
AO stain were counted to evaluate processes which occurred in the muscle after two procedures.
Muscle fibers with AO fluorescence stain were divided into following 4 groups: (—), little
fluorescence noted in the muscle fiber; (), fluorescence in subsarcolemmal space ; (+),
fluorescence not only in the subsarcolemmal space but inside the muscle fiber ; (4i), fluorescence
in all over the fibers. The latter two groups were defined as positive AO fluorescent fibers since
control extensor digitorum longus (EDL, white) muscle and soleus (red) muscle showed (—) or
(+) with AO stain. A decreased diameter and an increased number of type 2C fibers were found
1 and 2 weeks after injections of a half ml of 0.5% bupivacaine to rat EDL muscle. Basophilic
fibers were present for 3 weeks, and the increased number of positive AO fluorecent fibers for 4
weeks after the procedure, whereas an increased number of central nuclei and fiber splitting were
kept throughout the 8 week experimental period. In rat soleus muscle, orange fluorescent fibers
were increased in number for 3 weeks, and type 2C fibers were reduced in diameter for 5 weeks
after the treatment. These findings indicate that the regenerating process was slower in the soleus
than in the EDL muscle. The core/targetoid fibers in triceps surae muscle were already found 4
days after tenotomy of the Achilles tendon, followed by an increase in number to its maximum
point at 11th day. Histochemical findings such as central nuclei, type 2C fibers, positive AO
fibers, basophilia and fiber splitting were less noted in tenotomized muscles than in bupivacaine-
treated muscles. These results suggest that the AO stain was particularly sensitive to regeneration
of the muscle, and that the mechanism of muscle reconstitution after tenotomy differed from
regeneration in bupivacaine-treated muscle.



