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Experimental Studies on Disuse Atrophy of the Rat Tibialis Anterior Muscle

Hun Soo Park, M.D.and Joo Yong Yoo, M.D.

Department of Clinical Pathology, Chonnam University Medical School

The experiment was designed to investigate type-selectivity of the involved muscle fibers and changes in

the component ratios of the fiber types following the progression of disuse atrophy in the skeletal muscle.

After inducing disuse atrophy of the skeletal muscle by applying cast on the hind limb, we used histolo-

gical and histochemical stains in the sections of the rat Tibialta anterior muscles.

The results were as follows.

1. Even 8 weeks after immobilization of the hind limb, differentiation of muscle fiber types by histolo

gical and histochemical staining methods in the Tibialis anterior muscle could be possible.

2. Atrophy of muscle fibers was more pronounced in type I1IB and type I fibers than in type ITA fi-

bers.

3. Central migration of sarcolemmal nuclei and ring fiber appeared after 6th and 8th weeks of immo-

bilization respectively, in the H & E and trichrome preparations. Ac-pase or Alk-pase positive fibers

were not noted throughout the experimental periods.

Key Words : Disuse atrophy, Tibialis anterior, Enzyme histochemistry, Fiber type

A =]

H g4 95 =g Wzl dFeeq A5 F
753‘1’7]'3]' FAAZNA AP 42y F £3

F qlen 4% A o2 Davenport 2} Ransen™
0] Arkgr F 9 H5& fustgl 2, Thompson
me hEsl o] 4LYE Agsheden, Sob
andt™t FAZY $5L Mgy 402 $AdS
Hor IAstY &4 5L st W}‘ﬁ"]‘
F§t Hines5-2 2% 417-¢ Algt F 2¥s=
AT $15¢ B ofEY £4-2 "‘H'r“\r:
°] 5 F57153 T4 2ARA £4d F

FRem EE AP SHoR AP 4

&) mAubsiolt $13], Wik Y A7k Az F
o del FAZL $15L cloksAl aard g A4
Shglhn -,

% Dubowitz ¢} Pearse™W = A4 %% sle+H
dY & o] 83te] FAZY TAHRKE type | fibers}

1) A

type I fiber 2 723853, Brooke ¥ Kaiser
ZA A& pH4.5%FH ol A 247" =4
W myosin ATPase ¥4cll =2} type I fiber 7}
type M9+ type L2 A&} W aEgc). o9
Zro] 2AZY AR A3 SA4 ek §
oy FRo] shpdl oz AA4A A3 FY
4% 2430 JE dgster 4R 142
""ﬂi}’# 470 B 5§84 F gloy Haxm
F fusle FAZY W44 AFHA A4, 7

fo] 2A3berd £Ad Ay ATFE ¥R
A Assl o Aok,

olell AAHEL WAL FAE HuuYY F A
Adez A7E2 2494 3 sazses
£7AF ﬂ%w H L4 Yol zelsE T
B #FFH FxAdee Wl 4R
e *.i%”# A& A4 THY Baxoe ¥ 4y

fhor A
e

7:!:. x~l

HEME ¥ YUY

-10561 -



FAdg 2AFNA A7 B AFE AF 2
50~300g &) Wistar#d| A4 W4 & o83l x, ¥
Ao HE4 AFE Fushr]l 98 WA 2=
218 A s SRHE QA2 FaAS
FE A2 sl FllA AA-AA &S
A, ALY E Ay F, 15, 2F, 3
F, 5%, 6F, 75 % 8FFLE e
o, E2EL 4T WA 5 F3
©7 F4ch.

.2 =3 BH9 M3

HILE AASL A, o] hel el Fabe
Aol &S Hala H, WAL AAET AAE
A3t T F4F-F 0.5em YAk g ohg, oY
A Adel] 74 4F AR F cayostat F o]-F A A
B, o] & slideol] A2 F-AA it

-3
=

24

52

+
o
ot s o o

lo

Table 1. The changes of cross sectional areas of
the rat Tibialis anterior muscles following immo-
bilization, comparing with the contralateral sites

Week

Changes of cross sectional areas(%])

1 104.8
2 81.4
3 82.6
4 80.4
5 66.1
6 35.9
7 39.5
8 33.8

Table 2. The sequential changes of muscle fiber types of the rat

2. RSN 9 TEGEE M

H & E, trichrome, Periodic acid Schiff reaction
(PAS), Succinate dehydrogenass(SDH), Myosin ade-
nosine triphosphatase(myosin ATPase), Acid phos-
phatase ( Ac - Pase), Alkaline phosphatase(Alk - Pase)
A& A9 3skglet. SDH €48 Nachlas® ™Me] 74
ulgl NBTy o2, 18]35 Myosin ATPase o4&
Calcium® *¥-& o] &3} ).

Ac-Pase 2} Alk-Pase ¥ 4|2 Burstone¥{®] ®-¢ 0|
fetslot B4 FAAZIE S2A 37CHH A
4 Az B A ARt

3. 2MRY 22X Ty 4

dYgr 22 ARE 10X10em 8] A AL2HF o]
HA vr A% 542 9l microprojectord ©]
|3, oy TARE FYHE TEs 7
H Tabe] AR T4 (%) 2
e, ol F 2 AT W' vma g},

F-
]
»
rH
x
=]
1o
=)
He
0
H
i)
o

2
ol
i
i
lo
oo
r_‘tl
[o: 9

He H3g T8 &3
& Al&st] TR, o] F 2T HAdd o
vl (%) 2 AEEgek. 3 248 £33 95
FEE SDHEYS Agfg 4% E28 Micro-
meter & o] &3l f¥H2 A& w5E 23
of 2T THAFY 279 vastd 9151 A
EE 249 (%)E Jehl gl

tibialis anterior muscles after immo-

bilization in sections stained with H & E, trichrome, PAS, SDH and myosin-ATPase (n =10)

Period

Stains 1 week 3weeks 3weeks 4weeks Sweeks 6weeks 7weeks 8 weeks

H&E D 33.0 68.8 8.5 7.8 80.8 71.9 23.0 30.1

L 67.0 31.2 91.5 92.2 19.2 28.1 77.0 69.9

. D 37.7 35.5 14.6 9.7 80.8 62.6 55.9 9.6
Trichrome

L 62.3 64.5 85.4 90.3 19.2 37.4 44.1 3.4

S 4.5 5.7 2.2 15.1 18.2 17.7 25.0 16.5

PAS 1 30.3 12.1 25.3 29.7 28.4 30.5 36.4 78.4

w 65.2 82.2 72.5 55.2 53.4 51.8 38.6 5.1

1, 35.9 4.5 25.9 25.2 51.9 62.8 52,8 73.4

SDH I 21.1 51.2 60.5 55.6 27.4 17.9 22.9 19.8

s 43.0 14.3 13.0 19.2 20.7 19.3 24.3 6.8

Mvosi i 16.1 20.9 21.6 22.9 39.3 39.0 47.1 59.3
yosin -

ATPse Do 72.2 70.7 73.1 53.5 43.8 53.9 51.1 35.3

1 11.7 8.4 5.2 23.6 16.9 7.1 1.8 5.4

D . dark-stained, L : light-stained, S : strong,

I:

intermediate, W : weak
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0%2A BT g 938 2¢cl. Trichrome o 4
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62.3%, 47 90.3%, 2|2 7FollE 44.1% R
A H & EdYoll A9} o] 244 +34 T4
€ 3. PASHA4A 2449 43y T
& A el A EAY 23 A
w2} strong, intermediate ¥ light fiber @ 85 ¢
=i #3533 A5 ZARFIY FAUE 4lo)q
TR d34E A7) oY

% SDH 9} myosin ATPase 44} type HA fi-
ber= 1% SDH A AL 35.9%, myosin AT
Pase ol A& 16.1%2] FA¥E RQlu] v §d,
5Fl A= 27 51.9%, 39.3%, 8 Zol = 55.3%,
59.3%2 9 3 a2} As Fss AS
BAD type s fiber: 13| 7zt 43.0%), 73.4

AR N N

30 1
QL TvPe na

80 - myosin ATPase

TYPE |

Tttt ..t

12345678

123456178

123456 7 8WS

Fig. A. Sequential changes in the mean proportion (%) of the fiber types of the rat Tibialis anterior
muscle in sections stained with SDH and myosin-ATPase. The bars represent one standard deviation.
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ol FAlstH o2 {233 cH(P <0.05) (Table2
fig. A).
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SDH 4o 2 T34 #3d 2472 IF3=
€ A& gFo2 o] wjag 42 Table 3
oA et Zret, A&l glojA type L, fibere 15
o] 8.2%, 4%l 10.0%, 7Fl 9.2%% 4L£E
B wiad v fAEg o type D fibere 1
Zol] 10.5%, 4F 38.2%, 73 33.8%% 1L, type
I fibere 156l 15.0%, 45 25.1%, 75l

=2

26.1%2A4 type Ilgt} type 1 fiber+ type I, fi-
beroll wlal ztAZo] of HA WA Ag SEFE B
gt =g whEol A S type I, fiber 1
ol 4.8%, 45 2.6%, 7% 5.6%% 154 A
7} 7 v} 8t e} type I fibers} type 1 fibert
Zo| 27t 10.3%, 12.1%, 4 Foll 17.0%, 15.4%,
7 ol 23.8%, 13.7%EA type I, fiberol| 3}
A% $15€& 24 (Fig. B).

=
T
=
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4, RSN 9 FAXABISY »A

AnngE AP F 15 ¥ 2457 o
439 HelE L4435l dPo2 HYFEE £ F
A I(Fig. 1) 257F A=A 98 24472 +
oS SvR AskE Holx glglevt SDHEA
A ZHAY T4 A 98 TAHRY TEL =

A 3t e} (Fig. 2).

33Tl AL TAHS
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M vvee ne
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Short axis

123456178
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Fig. B. The mean reduction ratio (%) of the fiber size(long axis and short axis) of the rat Tibialis an-
terior muscles after immobilization in sections stained with succinate dehydrogenase.
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Table 3. The mean reduction ratio (%) of the fiber size{long axis and short axis) of the rat  Tibialis
anterior muscles after immobilization in sections stained with succinate dehydrogenase (n =10)
Period
k 1 week 2weeks 3weeks 4weeks 5weeks 6weeks 7weeks 8 weeks
. 8.2 7.1 8.0 10.0 12.8 7.9 9.2 10.7
Long I 15.0 15.5 22.8 25.1 26.7 37.8 26.1 27.2
IIs 10.5 9.5 22.5 38.2 37.6 42.9 33.8 26.6
1N 4.8 3.1 14.9 2.6 12.7 11.4 5.9 12.5
Short I 10.3 2.5 15.8 17.0 24.8 44.3 23.8 22.5
s 12,1 7.6 34.5 15.4 31.1 38.4 13.7 20.0

WA e 43 @A AR 740 el g
Aot TAF2AY Pl SHg HSE e
2 skt (Fig. 3, 4).

4 57| A= SDH S} myosin ATPase &4o] 7
3 type II, fiber7} $715 -84 A3 5 U
3L(Fig. 5,6), 5F o|Fel& ZA4H2 Adgy 95
22 YA el WY = Yoz AHY
52 lglo SDH 9 PAS 4 4ol 4] 24349
f3d g ol 7Hestgct(Fig. 7,8,9).

6 748 ZARENY FAARTH Y 24
Frol Al veltes, 850 HA 8FTANAE
+A44AHFE 7 AN (Fig. 10) o[ & *A4AFE
G A ZH Aol T3 PAS G4 EAY 34
€ 39+l (Fig. 11), Ac-Pases} Alk-Paseo}4 -
Afre A AT A fA4E 5+ gick(Fig. 12).
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LEGENDS FOR FIGURES

Fig. 1. Ring fibers are shown. 4 week H & E 400 X

Fig. 2. Three types of muscle fibers are well differentiated according to SDH activity (type II,,
type I and type 1 fibers). Round muscle fibers are increased. 2 weeks SDH 200 X

Fig. 3. Proliferation of loose connective tissue in the interfascicular space is noted. 3 weeks
H & E 200X

Fig. 4. Muscle fibers are more atrophied. 3 weeks trichrome 400 X

Fig. 5. Differentiation of muscle fiber types is possible, type II, fibers which have strong enzy-
matic activity are increased in number. 4 weeks SDH 200 X

Fig. 6. Three types of muscle fibers are differentiated(type II,, type I and type I fibers). 4
weeks myosin ATPase 200 %

Fig. 7. Atrophic change of muscle fiber with partial loss of sarcoplasm is disclosed. 5 weeks
myosin ATPase 200 X

Fig. 8. Differentiation of each muscle fiber is barely discernible. 6 weeks SDH 200 X

Fig. 9. PAS reaction differentiates the muscle fibers into three ones(Strong, alntermediate and
Weak fibers). 7 weeks PAS 200 X

Fig. 10. Central migration of sarcolemmal nuclei and ring fibers are shown. 8 weeks H & E 200 X

Fig. 11. Strong PAS-positive material is shown in the sarcoplasm of ring fiber. 8 weeks H & E
400 %

Fig. 12. Alk-pase activity is limitted around the sarcolemmal nuclei. 8 weeks Alk-pase 200 X
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