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Effect of Chronic Muscle Stretching on Neuromuscular Transmission
of Rat Soleus Muscle

Nobuyuki TANAKA and Isao OOTA
Department of Physiology (Section 1), Sapporo Medical College
(Chief : Prof. H. Yabu)

An electrophysiological study of neuromuscular transmission and a histochemical study of terminal size
were made in tibial nerve-soleus muscle preparations. Preparations were obtained from rats subjected to
a leg-lengthening (LL) operation or a leg-lengthening operation with dislocation of the knee joint (LLD
operation). The following results were obtained.

1. The time course patterns of change in the mean quantal content, probability of quantal release and
the number of releasable quanta in the LLD-operated preparations were similar to those in the LL-operated
preparations until the 30th day. However, there were distinct differences between time course patterns in
the LLD-operated and the LL-operated preparations after the 40th day.

2. The frequency of complex e.p.p. was signiﬁcantlty higher than the contralateral control in the
LLD-operated preparations from the 7th day to the 90th day. On the other hand, the frequency of complex
e.p. p. in the LL-operated preparations was similar to that in the LLD-operated preparations until the 30th
day. In the LL-operated preparations from the 40th day, however, the frequency of complex e. p. p. was
significantly lower than the contralateral control.

3. In both the LL-operated and the LLD-operated preparations, the frequency of nodal sprouting
correlated closely with the frequency of complex e. p. p. However, the frequency of nodal sprouting tended
to exceed the frequency of complex e.p. p.

On the basis of these results, the effect of chronic muscle stretching on neuromuscular transmission is
discussed. (Received November 12, 1987 and accepted November 27, 1987)

Key words: Muscle stretching, Quantal release probability, Mean quantal content,
Complex end-plate potential, Nodal sprouting
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Fig. 1 A: Synaptic depression in tibial nerve-soleus muscle preparation during repetitive stimulation under the

application of d-tubocurarine (10~7~107¢M).

The preparation was obtained from the rat at the 4th day

after the leg-lengthening operation with dislocation of the knee joint (LLD operation). The tibial nerve

was stimulated at 2 Hz.

The figure indicates the successive order of the individual e. p. p. s.

B : The amplitudes of individual e. p. p.s evoked by repetitive nerve stimulation are expressed as fractions of

the amplitude of the first response in the train (Vx/V,) and plotted against the sum of all such previous
amplitude ratios in the train {{3(V4/V,)]}. A straight line is then obtained by the least-squares method and

is extrapolated to the abscissa.

The value at the point of interception is equal to 1/p if there is negligible

change in‘ p during this period. p was (.34 in this example because 1/p was 2.94.

PRHOTThZh ORIV CEHE L .
BERCRTD m, p RO n OREMEE, 4~6ME
CFHS E) DR LB LR e Th TR i T 52
LI X 5 TRD e, WEMER - RAUBREIERLED
BREEDOHREICL, FRLVELOD S 2 TEEBES
Y R
2:3 HEBbEMHE
U EER A% H L 7 n-hexane (—70~—80C)
EEALTREICEREL, B EH20~30 gm OHFHE
WA % cryostat N (—25~—30C) TfEE L. M
—h b CHRSEA R OKI & ERER & ET
B iz, %73 cholinesterase ik (Thiocholine

PO X D IR R E LR, Bodian Bt 1618
I DR R 2R Ui, RDESSOKIITE,
pseudocholinesterase & % H + 5 & D & true
cholinesterase i&E% % E T 5 b DD H LML T
BB e, J] Y LicEET 5 &R
% pseudocholinesterase {&#E % H T HRF DL &K
H 5D, Fig 2 R L FER A,



142 HpET - KB B TLBRESE

Frozen sections obtained from preparations

Soaked !
in *pretreatment solution (10 min: 35C)
i
in **medium A (50~60 min: 37C)
!
Counting of end-plate with pseudocholinesterase activity J
Soaked i
in ***medium B (50~60min: 37C)
Washed l
in 20%Na,S0, (bmin: 35°C)
|
in 109%Na,SO, (1 min: 35°C)
l
in distilled water (1 min)
Soaked l
in ammonium sulphate solution saturated with copper sulphate (20sec)
Washed !
in aqueous solution saturated with copper sulphate
Fixed l
in 109 formalin saturated with copper sulphate
!

Counting of end-plate with pseudocholinesterase
and true cholinesterase activity

*  pretreatment solution: 40% Na,SO, 9.0 m/+distilled water 6.0 m/

** medium A: D1.2m/+®@0.6 m/+®1.5ml+distilled water 2.1m/+40% Na,S0, 9.0m/+9.52%
MgCl; 0.6 m/
@ ; Butylthiocholine iodide 43 mg, distilled water 1.8 m/, 0.1 M CuSO, - 5H.0 0.4 ml
@ ; Glycine 3.75g, CuSO, « 5H,0 2.5 g, distilled water 100 m/
®; Monomaleate 9.6 g, 1N NaOH 52.2m/, distilled water 100 m/

*** medium B: @1.2ml{+®@0.6ml+®1.5m/+distilled water 2.1 m/-+40% Na,SO, 9.0 m/+9.52%
MgCl, 0.6 m!/
@ ; Acetylthiocholine iodide 29 mg, distilled water 1m/, 0.1 M CuSO, » 5H,0 0.4 m!

Fig. 2 Flow chart of cholinesterase staining method, using a modified version of the Thiocholine method.

3 B i v Table 1 Values of m, p and n in the control prepara-
tions. The values ave expressed as wmean+
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T OVSEERAE T By (146 FED) D% 4 Bk A DX IR left 64.4%20.2(0.21+0.03|322+110

AR, LW 56 Bie 146 HEOBEEOMTHEERE

RS feinote (Table D). FBEASED m, p & 146 right 67.8+25.0(0.21£0.02 | 320109
Cmit, % i % 64.8423.8 (=8 B, 0.21+ left 65.5:24.50.21%0.02 | 312105
0.02 (n=8) K1r324+119 (n=8) TH 7. =hi  No significant difference between right and left prepara-
DEE, T v b DS 2GS DEFEIE29 o\ TH tions (n=4 rats, p<0.05).

No significant difierence between control preparations
e . = - . -
LI BB RSERCD-. Ff, & LLEX, of 56-day-old and 146-day-old rats (n=4 pairs

& LLD BEA I 0N cefmetazole B5EAD m, p K of rats, p<0.05).
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Fig. 3 Relationship between stretch duration and each
m, p and # in the LLD-operated rats. Or-
dinates of A, B and C indicate relative values
of m, p and n to the contralateral control,
respectively. Points with vertical lines repre-
sent mean=+S. D. of the mean (n==6).

+ p<0.05 vs. contralateral control.
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Relationship between stretch duration and each
m, p and % in the LL-operated rats. Or-
dinates are the same as in Fig. 3. Points with
vertical lines represent mean+S. D. of the
mean (n=6).

* p<0.05 vs. contralateral control.

Fig. 4
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tion and each m, p and # in the PC-procedural
rats. Ordinates are the same as in Fig.3.
Points with vertical lines represent mean-+S.
D. of the mean (n=6).
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Fig. 6 Representative records of series of e.p.p.s
from the contralateral control (A) and the
operated preparation (B) obtained from the
rat at the 21st day after the LLD operation.
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Fig. 7 Histogram of the latency of e. p. p. s recorded from the LLD-operated preparation at

the 21st day.
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Fig. 8 Relationship between stretch duration and frequency of complex e.p.p.s. in the

Columns and vertical lines represent mean+S. D. of

operated rats.

LLD- and LL-

more than 100 muscle fibers/10 rats).
*p<0.05 vs. contralateral control.

In A:

the mean (n

N Contralateral control obtained from the LLD-operated rats.

In B:
LL-operated preparations.

V) 1.LD-operated preparations.

Contralateral control obtained from LL-operated rats.



146 AT -

plex e. p. p. DHEERIZ, AR L O BRICEWEYR
EREL, R 90 B DfER, 13.2+£2.01% (n=106/
10) TH-7. Fig.8BicmRL X 91z, LLEAXR®D
complex e. p. p. DT, #5E 7 B BHBRHAIR IR
IhEEBECEWERRL, #5530 HEETE, LLDR
KEBERFOEM AR L. LaL, H5E 40 BED
complex e.p.p. DHEEIZ, LLDEKELELD, A
EBETE2RL, FOWRAEXMHE I B BHF TR L.
723, LLD ARV LL BEARDZFNFE ORI RO
complex e. p. p. DHERIL, WFhoMEHEICE
THRENRL, LrbNBERDOZNEAREN
VS
3:2 FEEMLFIERE

3:2:1 Nodal sprouting DOHIFE

LLD A & ISR O L hns b8 b o ke
A% Fig. 9 1R Lic. il B % < OFFRR#E,
HM—DMEHEaMEHE L T\ies (Fig. 9A), LLD
ER T D OFHFEEE (nodal sprouting) %

Fig. 9

Histochemical observation of peripheral nerve
by Bodian’s staining method and end-plate by
total cholinesterase staining method in the rat
at the 21st day after the LLD operation.

A : Contralateral control. Arrow indicates neuro-

muscular junction. X200

B : Operated preparation. Arrow indicates a
bifurcation of peripheral nerve. X200
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Fig. 10 Relationship between stretch duration and frequency of nodal sprouting in LLD-

and LL-operated rats.

Columns and vertical lines represent mean+S. D. of the

mean (n=more than 200 muscle fibers/5 rats).

* p<0.05 vs. contralateral control.

In A:
LLD-operated preparations.

Contralateral control obtained from LLD-operated rats.

In B:
LI-operated preparations.

Contralateral control obtained from LL-operated rats.
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1= %513 % pseudocholinesterase &% H T 5RO H
BRI, MR2AEXRCCFE4RANL0 HE
T, SR v FERCECERRL, Lrb et
BB U TRABRETH . 7k, LLDEARVCLL
EARDF Lo IR BIZE13 % pseudocholinester-
ase U ETHEWROMEEL, WBERDOZRLEL
NTHEBENRP - T2,

4 & =
4-1 LLD 84’ LLEAROERERFHILE

LLD AL LLEAD m, p RO nit, HBEHM
U TCEHELRBEE R L (Figs.3and4). m, p &
O n OZELORERIEED <2 — v LLD 4 (Fig. 3)
& LLEA (Fig. ) @ oWTHE+ 5 &, LLDEXRD
R D 2 — ik, MR 30 BHE T LLERE
FETH o 72hs, (5 40 B B DB CRFEERORIZH
LTeENRD b, ¥, LLD &AL LL &
A% PC AR (Fig. b) & 35 &, LLD X348
HzEB LU CPCEREHELNCRE L ARERE B 4 —
vEERLI Shicxt LT {355 40 B B Lo LL &
A%, PCEEAR L ZEEBEOREEIFEED 4 — v ERL,
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Fig. 11 Comparison of the number of end-plates with pseudocholinesterase activity (A)
and those with true cholinesterase and pseudocholinesterase activity (B). x40.
Arrows in A and B indicate end-plates with pseudocholinesterase activity. A and
B were obtained from the same section of the preparation at the 40th day after the

LLD operation.

LLD AR & (388 5 Ic R s 5 RERIREE D & — v &R
Lfc. EBI1E, AEBRICEITSH PCEARDORRREED <
2 — ik, BB L BB A e v CREIEL, THEREAR
L5y b Lice 5 A0 m RO p 2K
&} L 7= Robbins and Fischbach?® OB & B TH -
7o, Dbz, 5K 40 B B U LL EA 1,
m, p RO n kLT PCERIIRT? LAROFEY
RIETAREIFEET 201 LT, LLD EAY O
ek 30 H B LARTo LL A1, ThhFELRWS

ExRT. BIERY 1\ T, LL EZEARICIBEE O fhR
X BFE LR LA Bk h B0 L, LLD £
Kicide 5 A FHEHEDOHERIC X HBE L ARELD LA
BETHZ LR~ CofE2ERETSHE, b
m, p RO n TEEXRITTE T AHOREMIE, BE
JEFOMERIZE W EEIND D THEEE L LR A.
—7, 7 AHBEKOMEICX AL, LLDZAX
& PC EARDHE R OFIHY OBEL D, m, p ROn
L TREAEREYRITI W EELZLNRS.
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Table 2 Values of frequency of end-plates with
pseudocholinesterase activity in LLD- or LL-
operated preparations. Values ave expressed as
mean+S. D. Parentheses show the No. of
examined end-plates/ No. of examined vats.

Frequency of end-plates with

Stret_ch pseudocholinesterase activity (%)
duration
(days) LLD-operated LL-operated
preparations preparations
2 2.07+1.800242/5) 1.68+1.32(238/5)
4 *4.03+1.12(223/5) | *4.00%1.00(225/5)

7 *4.00+£1.11(225/5) | *5.45%+1.52(220/5)
14 *4.00+£1.02(225/5) | *4.54%1.32(220/5)
21 *3.74=1.00(214/5) | *4.00£1.23(225/5)
30 *4.00+1.12(225/5) | *4.54%1.32(220/5)
40 *5.45+1.17(220/5) | *5.00%1.32(200/5)
50 *4.18+1.12(215/5) | *5.00+1.32(200/5)
60 *4.54+1.32(220/5) | *4.54+1.32(220/5)
70 *5.00+1.32(200/5) | *5.45+1.52(220/5)
80 *5.004+1.32(200/5) | *5.00%1.32(200/5)

90 *5.00+1.43(200/5) | *5.00%1.43(200/5)

* p<0.05 vs. contralateral control.
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