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Changes in SR Ca?*-ATPase activity, Ca’* release and
uptake kinetics of diaphragm muscle after different-frequency
chronic electrical stimulation of diaphragmatic nerve
ZHANG Sui-Yang”, LiU Gang, WANG Dong-Lin, GUO Xian-Jian, QIAN Gui-Sheng

( Institute of Respiratory Medicine of Xingiao Hospital
Third Military Medical University, Chongging 400037)

Abstract:  To study adaptation of rabbit diaphragm muscle after different-frequency chronic electrical stimu-
lation, Ca®*-ATPase activity and Ca’* release-uptake kinetics of sarcoplasmic reticulum (SR) were respec-
tively measured by detecting inorganic phosphorus ion and Furo-2 fluorescence. SR Ca’* -ATPase activity of
the low-frequency stimulation group was significantly lower then that of the control group (P <0.01), but it
was significantly higher in the high-frequency stimulation group against control (P <0.01). The kinetics of
Ca?* release and Ce®* uptake was significantly lower in low-frequency group than that of the control (P <
0.01), but the kinetics of Ca?* release and Ca’* uptake was significantly higher than that of the control ( P <
0.01). It is thought that different frequency electrical stimulation induced different adaptative changes in SR
Cal* -ATPase activity, and Ca’* release and uptake kinetics of rabbit diaphragm muscle.
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1.1 8 AN E &R TTC-4 BRI B F{E R K
BEBe e, RERER VI MBI,
Luminescence spectromeyer LS 50B ¥ H 32 & PE 47,
ATP-Na, .HEPS . Fura-2. EGTA . NaN3 % M B Sigma 2
g ; HE4FEZRAN Y hE- o4,

1.2 7%k

1.2.1 440 A CES AR 4538 5 FRABERBR
30 R{(1.5~1.75 kg), MR, WARKBHEES,
EEBAENMBL T 173 585 VLA 32 84k Fu i
BFE _ . =EIRBRKIA, 4RI FEK1~1.5
em, HEABEETHL,; BREOASRARBEHEETER
RMFABLINT 173 585N L BHREME
b, ZXEBRBETHRREET; ERSFENETERY
EFGEKUOASI B B, EaRERAK, 4
0.56 cnto RJG 11, BP0 IEH XA .10 He,
20 Hz S0 Hz 1 100 Hz ¢, B4 6 H; IIEXK R E
BRI 30~40 Hz %, 10 H: 20 Hz 5
{FG 4% &, 3] 3 4 ( chronic low-frequency electrical stimula-
tion, CLFES), 50 Hz #1 100 Hz: X B A R # 4
(chronic high-frequency electrical stimulation, CHFES) .
CES ¥ EH0.75s, B 0.25 ms, F K 0.2 ms,
3 ~ 6 strains/¥X, 45 beats/min, K 10~20V, LI
HE R REEE A, BRAAST R, RFaTE
2x2 /A, BERAHKed, KE 1d, LRSS A,
1.2.2SRAFAMMR  HEASMH Cal 3B, A
ARt . 3% 20 mg/kg I B R B B K A SR
5, WMETE AR, 54 AT A 4RHE Hank's H T
B3Ik, BERTHRRY SHEBR(ERLAR)SR &
I & ( protein capsule) R B B P, SR EOAREW
W& B 0.25 mol/L, Tris HCl 10 mmol/L, pH 7,
EDTA-Na, 0.1 mmol/L, NI, BESK 30 %2
W, FFE 30 s, EANKGHEHBRD NI, WL
1000 g, 20 min, {R 8B EWB, DIRULAFEI 5 FE
" BMSREARBRBE, EXIASIERLIE,
WIKBS 2 K LWH, FHEMNAL. BL40000 g,
90 min, FF N, SLIEA 0.6 mol/LKC B, :KEW
¥ 15 min; B.L40000 g, 90 min, BEVIER SR E
HEAARS EDTA 9 R SRESEBRBEHMAR
B Loy ZBEaEH, MEAEEZE 2 mg/ml, AR
QE%E, A J — v uv‘l:ﬁﬁﬁ%mo

1.2.3 SR Ca’* -ATPase FH# ¥  HBERENE.

AW & (mmol/L) Tris-HC1 20, pH 6.8, KC1 100,
MgCl, 5, ATP-Na; 4, CaCl, 0.1, NaN, 5 1 SR I %
0.5mg, REAKERN 1 ml, MA ATP G ¥ XN K&
W 37CKSE 0 mn, H1m 15 =BERPIE
B, BA420000 g, 15 min, B 1 ml b % ¥4 5000 2
ml B €3 1 ml K F 700 nm HERE ATP KBJE
MBS R, BARE 4% FeSO, M1 1% $HERE
BET% ¥ DL pmol/L pi/mg protein+h ™ &R,

1.2.4 SR Ca®* HEBL-Fe 25 o # A & Ca** S I%
Kangacin 2 34 I E, KNS (mmol/L): Tris-
HC1 20, pH 6.8, KCI 100, MeCl, 5, RIBR# 5, CaCl,
0.1, ATP-Na, 4, Fura-2 2 pmol/L #1 SR 2 5 pg/
ml, RWEEFER 2ml, 22~24CHHE 3mn, BER
MW TR T EENR T, FHARPRENE
HEHERY, FHELFH®/E, A CaCly 10 mmol/
L 10 pd S8 R 5 , JSE 340380 nm HE R E R G2 R
A XHE, Ca?* BRI Ritueei BWIE, KK
& (mmol/L) : KCl 150, MOPS 20, pH 6.8, MgCl, 0.5,
Fura-2 2 pmol/L 1 SR B 10 pg/ml, S FBN
2ml, MW 37°CH4L 5 min, BAENTHHEH
HEFS, i1 CaCl, 25 nmol/L, HHBEBCEKSE, B
kA 4 mmol/L 20 pd AR TR A, #RE 340/380
nm LR FER Ca?* BB HE '
1.3 &t 4#r oo Ay 24 Bt AT A A AL
B, AEL mean+ SD TR,

2 &SR

2.1 4 SR Ca** ATPase ik (® 1)
MF 1AW, @x g b, CLFES 10 Hz # 20

£1. TEARWEMEERHEMA SR Ca** -AT-
Pase B9 B H X 1

Changes in the SR Ca®* -ATPase activity of di-
aphragm muscle after different-frequency chronic
electrical stimulation {mean + SD)

Table 1.

Parameter of Ce?* -ATPase

(pmol/L pi/mg Pr-h™')
70.13 = 13.25**
53.87x8.2*"%
50.07 +4.85°"**

83.15+10.89""
94 62+ 12.92""

Group

Contral
10 Hz

20 Hz
50 Hz
100 Hz

**P < 0.01 compared with control group; “*p <0.01, com-
pared with CHFES groups, n = 6.
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Hz Y Ca®* ATPase EHBI R MM (P <0.01), T 4(P<0.01), B, Ca?* HREEHE®S

CHFES 50 Hz 1 100 Hz 17 Ca’* ATPase WHRER  (P<0.01), MMM EH B EK; T CHFES 4 SR

# (P <0.01), Co* MBI B WIN(P <0.01), HEWFAK; Ca2* &

2.2 B4 SR C** BH-BE 3 T WERARMP(P<0.01), BRHFEHERHEE (X
FiXf AR L, CLFES £ SR Ca®* BB ER 2.3 #1E 1.2),

F2 THERRMEENMERN SR C2* BH ML
Table 2. Changes in Ca>* release of diaphragm muscle SR after different-frequency chronic electrical stimula-
tion (mean + SD) (340/380 nm rate)

Group
Time (s)
Control 10 Hz 20 Hz 50 Hz 100 He

5 2.26+0.19 1.89+0.08****  2.1740.06** 2.36+0.06 3.13x0.20""
10 3.49+0.11 2.37+0.06*"*"  2.60+0.11""%*  3.35:0.10 4.1820.27""
15 3.63+0.13 2.71x0.00*"* 3.20:0.00"*** 4.49:0.12*" 5.38+0.25*"
20 3.99+0.09 3.16+0.06"***  3.33+0.10""* 5.24:0.17"" 6.6810.00"
25 4.65+0.05 3.16£0.05*"**  4.12:0.05"***  563:0.15*" 6.83+0.04""
30 4.87+0.05 3.16+0.05""**  4.12+:0.05"*** 6.11+0.08"" 6.83+0.03"*

“*P <0.01, compared with control; **P <0.01; compared with CHFES groupe, n=6.
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Fig. 1. Ca’* release curve of rabbit diaphragm muscle SR efter different-frequency chronic electrical stimulstion. 4. Control;
B. 10 Hz; C. 20 Hz; D. 50 Hz; E. 100 Hz. Scales of x and y axea in Fig.1B ~ E are the same as that in Fig.14.
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Table

3. Changes in Ca’* uptake of diaphragm muscle SR after different-frequency chronic electrical stim-

ulation {mean + SD) (340/380 nm rate)

Group
Time (s)
Control 10 Hz 20 Hx 50 Hx 100 Hz
0 9.37+0.10 9.40+0.10 9.72+0.13 8.27+0.12* 8.39£0.11°
50 7.40£0.19 8.85:0.20"**  9.01+0.08"""  5.6520.12°" 5.29+0.11*
100 4.30:0.13 8.36+0.21°"%* 6£.75x0.12°"* 1.49+0.11°° 1.56+0.12*"
150 2.35+0.40 7.19x0.11"***  508+0.17""*"  0.81x0.07"" 0.94+0.08""
200 1.87+0.21 5.66+0.13*""¢  4.03:0.00""%*  (.40+0.06"" 0.55%0.10"*
250 1.92+0.08 3.74+0.14*"**  3.65+0.15""%  0.30+0.4"" 0.28:0.04*"
300 1.91:0.08 3.37+0.17*"%* 3.60+0.13""*"* 0.21:0.03"" 0.14+£0.04**
350 87 +0.08 3.2+0.09*"** 3.65:0.15"""* 0.12+0.02"*" 0.10 £ 0.04*"
400 ____1m=0.10 2.46+0.09""**  3.27+0.14""**  0.09:0.01"" 0.10+0.04*"
POl s compared with control group; *P < 0.05, **P <0.01, compared with CHFES groups;




222 £ W ¥ #§  Acta Physiol. Sin. 53 4
o 100p A - B D r E
S sof M - Fﬁ "
E 6o} ' ! \ I
40 T A ' I
% 20} ! . | g
0.0 I S : . a - al
50 100 150 '
Time (s)
2. AFEHBRAED MG SR Ca* A AL il 28

Fig. 2. Ca®* uptake curve of rabbit diaphragm muscle SR after different-frequency chronic electrical stimulation. 4. Contral;
8. 10Hz; €. 20 Hz; D. 50 Hz; E. 100 Hz. Scales of x and y axes in Fig.2B8 ~ E are the same as that in Fig.24 .
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3.1 &AL SR Ca’* -ATPase FEME LB M

IR ER, RIEAL SR Ca®t-ATPase & H7EAR
Wi CES e =4 AR A9E R #E 254k, CLFES 4%
B SR Ca®*-ATPase I M BH B (P <0.05),
LL10 He A S AP B ; ™ CHFES A F M SR
Ca’* -ATPase TEHM B EFHE (P <0.05), YL 100 Hz
HECHRE, 5567 FEE D 56 0e 324K (dihy-
dropridine receptor, DHPR) ! Ryanodine 3% {& ( RyR) &
AHEE, BRARARESRNHTRENT C' 8
SEFBEMEBEN T RARNBEREENSEEER,
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R K2 22.9% 80 1 BUQLAF 2. 48.1% 19
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W R 1:400, TI18NLET 4 RyR 55 Ca’* -ATPase ) H
{HX 1:200; RIAFERANE 4 11 B ALEF 4ERY RyR
Ca’* -ATPase B X E T Il A W4T 2, SERCA, TS
" ¥ T SERCA,,c TEAFISE CES 5, UL 4
TRV ol R A, RBLN CLFES i S iR L 4L
R IBUAREHAS NN, 1B UHFEHBEHD;
CHFESH M 1B AL, IRUNHENHR
WA AESMALSIE Ca’t-ATPase )3 4L [F] WL 4F 4E
M-, B AT EENREZRGEL
B—BH, B2 RTNARZDBRERAILE
VIR FnBE & 1 R AR RIS CES oA lol,
3.2 Cal* - ol /IR N E

AR L 45 $= 1 B3 i b DHPR., RyR #1 Ca?* -ATPase

EHERE T SR Ca** BA-BW s h (39 | kgt
h CLFES £ Ca®* # i - B 2% /5 19 8 B &%, CHFES
HWER R AW XFEEETE S 5 R B£r & DH-
PR, RyR H Ca®* -ATPase 1& 1 i 25 85 47 48 £00-12]
7E CLFES 41, BT RyR, =35 Fid, RyR; i Bl %3k,
&R # L DHPR X T MM K. .G LR DHPR
REAR, SREHT/H, ERBANHEFHNER
GBI, ECBER Ca2* TERMMIHAMN
B, Ca®* RET AR, KB SR Ca* B A B W
REMS, TR VBN A Ca’* B ¥4, CLFES &
Ca’* -ATPase #) SERCA,, ¥ % %% F # #1 SERCA,, ¥

A Bk £ RIS, T H MALh SERCA,, B EX

B B 4% F R L4 B9 SERCA,,, SERCA;, #EHX Ca®* A9
XX B 318 F SERCAS), 53 SR Ca?* -ATPase 7§

MR, Ca* B B X1, CHFES AMSFHK,
RyR; I 8 12 DHPR F#AF R, €a'* -ATPase 15

W, TR AR BSERAVFIEMBRESE,
Ca?* BJ-RBUINE , [FIBT YT M4t Ca* ZE{L YRR
¥EREMET), CLFES 4 %0 CHFES 4 Wl & 51 %451 [
Cal* B - HZ R - BRI i
Wt HE R AR b i 2 R T AR TE IR BRI AT R R
EEER,
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