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Lowered sarcoendoplasmic reticulum calcium uptake and diaphragmatic SERCA1
expression contribute to diaphragmatic contractile and relaxation dysfunction in septic

rats

FE: BRY HOIIREHE 2 MR BURIET TR DI RERERS AL . T3k MEMER TS SD K36 K. REHUEFRIE 8 TFAL
(S4H)12 H ERL (CLP )24 K, X idif T B AL LT AR HIRRSERRRY , s R DS B A EHEAE CLP-6 h 21 AN
JHeEERE CLP-12 W4, 45 12 H, /3 5T 6 hAl 12 hill s Bl L% (P (S s ELIAR 71 (Po) CYEF ks (8] (1/2RT) et
[ (TPT) (e R A T3 6 (+dF/dt) R RRT o B R i (-dF/dt) 532 F Fura-2 V500 e R LT P65 e JAB IR AR il
& Western blotting A8 1 2% X SERCAL . SERCA2 FlIRyR ik, Z5R 1455 6 h Al 12 h 4 AR S 2H 2 &F kit i)tk 2 4
1, -dF/dt & FRE(P<0.01) , MAYANAE 12 h2H K UIRIL+dF/dt Pt Po AL [RAT I (B4 S 41 i F#{ (P<0.01) ,6 h4H
KA WL ARk (P>0.05) ; 154585 12 h 40K FRARIL SERCAL FIRYR ik i 3% T B (P<0.01) , SERCA2 Fll Ca**-ATP it 14: TG HH
AR (P>0.05), 518 MEERIE KBS 12 h N IRUISCAR FIET Sk DI B i 35 22400 , &7 oK D REREAT i B85 LK A5 S RE T R
% SERCALILFGEA I, NI BRI T AE K RyR 63K T PG [RS8 T R4 DIRERY T F%

KRR MBI ; S HRATL; LR ISR s Ca”*-ATP il
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Abstract: Objective The explore the mechanism responsible for diaphragmatic contractile and relaxation dysfunction in a rat
model of sepsis. Methods Thirty-six adult male Sprague-Dawley rats were randomized equally into a sham-operated group
and two model groups of sepsis induced by cecal ligation and puncture (CLP) for examination at 6 and 12 h following CLP
(CLP-6 h and CLP-12 h groups). The parameters of diaphragm contractile and relaxation were measured, and the calcium
uptake and release rates of the diaphragmatic sarcoendoplasmic reticulum (SR) and the protein expressions of SERCAI,
SERCA2 and RyR in the diaphragmatic muscles were determined. Results The half-relaxation time of the diaphragm was
extended in both the CLP-6 h and CLP-12 h groups with significantly reduced maximum tension declinerate and the peek
uptake rate of SERCA (P<0.01). Diaphragmatic maximum twitch force development rate, the maximal twitch, tetanus tensions
and the peek release rate of SR decreased only at 12h after CLP (P<0.01). The expression levels of SERCA1 protein decreased
significantly in the diaphragmatic muscles at 12h following CLP (P<0.01) while SERCA2 expression level and SERCA activity
showed no significant changes. Conclusion In the acute stage of sepsis, both the contractile and relaxation functions of the
diaphragm are impaired. Diaphragmatic relaxation dysfunction may result from reduced calcium uptake in the SR and a
decreased level of SERCA1 in the diaphragmatic muscles.
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1,SERCA Fii& 78 EF K DIRERERS > . AR
FEREH RYR T R4S B IAM I AR DI RE S0 MARALET 5K
DR U AR D RERRATH B0 (H AL A
T, HAFIKIIREA I M SERCA MR T k— A F5T
PR AR IR K DR S T REHH T SERCATY
P B NS SR KT VS 2R A ASRE AR AT
Ji, 5 R L AT sk D RE RS , I 5 |46 D RE
SR o AT MEEE R BAIIRILIRE UK RS
FRU B 72 A R A ORI e B e R R L)
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1 #EFn 7 E
1.1 EB9X0 Bk &

HEPES. Fura-2 pentapotassium salt, ATP-Na, £/l
AgNO; Il % Sigma, SERCA1.SERCA2 . RyR —4i fil
ZHiE Abcam, TR (_IET AR ), 4HE
SIHAL(BIOSPEC) {25 HL(Eppendorf) , BERL 5
Z4:(BIO-RAD),ALC- MPA2000m 122 B A FRIATI
A SRR R A PR A R 35 (F BT — A
FREERE SO
1.2 ¥t B AR HIE

TP IEYE SD K36 H M5 i 215~240 g,
T A — N R B sh Py S g o T e
SCXK(31)2007-0005) , R FHREALECFHR: W H 5N
34 (n=12) AR F-RYL(SYL) e HiE 6 h 4L (CLP-6 h
2H) JHeFEAE 12 W41 (CLP-12 h#H) . X sh i sh
bR, RETRRUER IR AMIRE . R B,
FLEFFLIL (CLP) HilfErh Ao EEMERERRL® , CLP-6 h4fl
FICLP-12 h 2 A B s 3 5 1% 6 2 e 2491 50 mgl/kg,
BRI NI I BE G O AR 2 em U TE I, U s
B, TEMEE R MG MLs L E M, 18 G e T
5 B )E , WEFLIAET AV, S5t B IR A
JE s, 3-0 428 )24 o SRR B G I CHE
AR EEASHR K T ST 3 mL/100 g A= BEER K, WA B
L, AR R SESTH, KERIAER AR
1.3 FaLysem) &

BB AL B RO B, ZBRIR L) &
BYRLZ 6 mm FERIALR . A UG LA T T s
Th1F195%0,-5% CO, ik <Y Krebs i H' (mmol/L : 137
NaCl,4 KCl, 2 CaCl,,1 MgCl,, 1 KH,PO,,12 NaHCOs, I
6.5 MAIHE, pHIE 7.4) ° BT NLAS, KBRIENT . Bl
BT 37 CIHE/KE R G GEAE 1 (5 12 mmol/L
i EEmE) O, R R — i FH 22 2 81 7 )5 14 125K 014
fEss, Sy —umh B e T LA 48 o P45 20 min s,
e L 2% 1) B il 90 K B (LO) L, R J5 R I ALC-
MPA2000m 4 Z2 S B A= BRI ASGI 2 LRI T RE . 44

W (1) B LB (PURIECHL T 15V, Bl % 1
Hz, J 95 0.2 ms) A7k ] (L/2RT) , W 46 ik i i [
(TTP) , e R A I THR (+dF/dt) MR R EF R T
R (-dF/dt) 5 (2) s M 11 (Po) : 45 TR 21K
RS 15V, O 120 Hz JilEtiE] 250 ms. i)
b7 670 ms A5 BRI, OSP4 5 (3) 5K J7-MR 4k
25T WL M 10,20.40.60.80.,100 F1120 Hz i) 5E i 3]
T, R 15V, il st E] 250 ms, R (AR 670 ms, il
FEANTRLRIEOTUR T AR ISR 7, 22k 1 -A5R i 28 5
(4) P55 (F) 25 T WA RIEO2R 40 Hz, b s
15 V, il st a] 330 ms, R [H]FE 670 ms iR, 231300
FRORIRR, AR 120 LB 55 LA ULEE Y LU (R, B
ST HREL. BRI NG AU U4 15 min )5
FEHEAT N — AR e S5 R EPE LA TR 4R
W TFRITR . T 122 HCR LA R AR (CSV)
P TRIE®
1.4 FHALSR 4 R IR

H S IL SR ARG S 52 U B I AR ATL
TR R E BRI T , HR AR T2 1K 5K
H 5 E A 10757k Sz vhif 219 (mmol/L: 250 FEHE , 20
4-F2 L FER R AR , 0.2 25 F LR SR 0.2% B4
#,pH 7.5)™ #3515 000 r/min, 15 sx3/>3k [al, 37 H
4 °C 1500 g #5015 min, B3GRl 7GR 5 -80 °C
RAE  TE L I Ca®* - AT P bR RS A& M
1.5 AL W Ca**-ATP B ML 2 R 2 5 ikl 2 B & v
VAR B mmol/mg & & &
1.6 WL W 454B I ) A & Al

Ingalls CP %5 JJL A 27 2% b o 0 5 J7 16, R
Thermo Z DI RERFHR Ui S280: > M et WE S
MBZH A (mmol/L: 100 KCI,204-$43 2 LRI 2 B,
7 5HERREN, 105 Mg?,pH 7.0) , SERAIA 2 umol/L
) Ca’* .1 pumol/L Fura-2 Fi4f £ , ATP-Na, il AgNO:,
B 10 pL 2135 190 L B i TR a2 L eE
B, I 5 R US43 IM A 10 pL £ 20 mmol/L ¥
JERY ATP-Na FFEm& % A1, Wil 4 min, &5 H sh/- s
JIA 10 UL 500 umol/L & 1) AgNO, = i1 S L
a6, WS 4 min, 58 UGS ALK BE 3.5 mmol/L 1)
EGTAF15.0 mmol/L f) CaCl, il i Z245 FAf A4 isf-fige
2 FELRINE A I 340 nm 1380 nm, & 5k
124500 nm B ERR I  FFHAIBRTY Reli. G HE
BATE A WA EE TR A [Ca* [f=Kd x (Sf2/
Sh2)x(R-Rmin)/(Rmax-R) , ZCH" Kd & Fura-2 5 Ca**4%
RIS HB, H 224 nmol/L, Rmin FT Rmax 245 1
TRLFRAT EE PRI A A 2O G AR, R I E 92 L
1B, SF2 71 Sb2 S Z 5 RNt AV I 5 i 5 B . LK
I e KA R FNRE GRS 1221 [ Ca® [FAR (L st R 56
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Filhge, A& R T A& s iR
IR,
1.7 RyR#2SERCA % & kLM &

RyR HI SERCA ik 4 1 HL UK U M LA 2T
LR B RS 2-80 CUKRARAE £ - (1) i
(RIPA, =R H]) 5 (2) L] 12%R NG IEIEERE ; (3)
T ERE; () HLIK ; (B)FEIEE; (6) B S VR 3 YK, 43331
1T RyR, SERCAL Fil SERCA2 —HiiF & , ¥ K 4°Cidt
B (D PEREA —Hiie & ; (8) 5% ; 1 GAPDH N &
52 A (dF Image JFEF TSR UK EE /34T
1.8 Gt oMt

FTAABARR FH SPSS20.0 S8 A AL B, 4%
AR VU B AR EZE TR R SR 7 2250 il
Dunnett ¢ K5 LA [H] 25 5%, LA P<0.05 Fn =7 HoA
geitrE o

F1 JEXRIRINLLETETIKINBELLEL

2 R

WREEHEREAAR T 6 h K ELH B sl , 1 A9
(i 12 h R FUPEIR Zfie | HIRHS i B0 as 3 %2, DU
%, CLP 4112 hiNfa 1 HREJET iR HAHS .
2.1 faghfeml

Pt.Po.+dF/dt Fll-dF/dt /£ CLP AJ5 12 h K TS
2H(P<0.01) , 111 6hCLP 41K Fl-dF/dt BV 398 1 5 2 R e
(P<0.01) ., >F&F 5K It H] 1/2RT 7E 1% 44 5 CLP-6 h Fll
CLP-12 h 4 ¥4 X} BRZH 42K (P<0.05) , 1] TTP FE 1 15
Ji 12 h B EE K (P<0.01) , FIARSHA e PIARRIZH 4 [R) 2
S (P<0.01,R 1), MANWSAE 1M th & 0 1,45
WA R AW S CSVRRIL. 455 75 CLP-6 h
FIS LR AR T IRNLAEE 1135 T CLP-12 h4l
K EL(P<0.05),CLP-6 h fISH AR WAL 2¢ 225, ¥
FHEE 3 TC2E 5

Tab.1 Comparison of the contractile parameters of the diaphragm among the 3 groups (1=12, Mean+SD)

Item S CLP-6h CLP-12 h

Po (MN/mm?) 8.98+1.87 8.87+1.51 6.75+1.54*"
Pt (mN/mm?) 3.48+0.56 3.39+0.81 2.44+0.65*"
1/2RT (ms) 8.41+0.46 9.12+0.74" 10.05+0.84*"
Time-to-Peak(ms) 18.15+0.58 18.18+0.76 22.49+1.12%
+dF/dt [mn/-mm?-s™] 0.35+0.05 0.34+0.06 0.23+0.05**
-dF/dt [mn/-mm?-s?] 0.31+0.05 0.26+0.07" 0.17+0.04**
FI (%) 83.1+5.9 79.2+9.2 81.7£10.5

*P<0.05 and *P<0.01, »s S group; “P<0.01 »s CLP-6 h group; S: Sham group; CLP-6 h and CLP-12 h: Two

sepsis groups examined at 6 and 12 h after CLP.
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Fig.1 Force-frequency relationship of the diaphragm
strips inthe sham-operated (S), CLP-6 h and CLP-12 h
groups. ‘P<0.05 vs group S.
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€] 2C,CLP-6 h I CLP-12 hZH K BB W ATP 75
S 110 45 45 B (B R B S 4 i T B (P<0.01) , Tfif
AgNO3 fih 4 14 5 Fe¢ Jift U6 (B % J7 T, CLP-12 h 2 4%
CLP-6 h 1S ZH &Ik i & (P<0.01) ,S £ A1 CLP-6 h 4[]
ERANEE ., KA KR Ca? ATP BiE ML ZH AR W
253(P>0.05),
2.3 Western blotting #&-n|

5 PR TR RIS B 1 B, [ AR 25 SR LI 3, A A
6 h, %41 K EURIILSERCAL.SERCA2 I RyR 75 [ 7K -
ook R B A8 1k (P>0.05) ; 75 CLP-12 h2H K EUIEIIL
15 SERCALEE (A H B 3% F R (P<0.01) , {HJ&
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Fig.2 Measurement of the calciumkinetics in the SR of the diaphragm in different groups. A: Typical curve fitted
by calcium level of crude muscle homogenate showing Ca*'fluxes over timemeasured with Fura-2; B: Three fitted
curves of the entire process; C: Peak rates of Ca®* uptake activated by ATP and AgNO:-stimulated release in the
diaphragmatic SR; D: SERCA activity measurement. *P<0.01.
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Fig.3 Expression of proteins related to Ca* release and uptake in the diaphragm muscles. A: Representative blots for
SERCA1, SERCA2, and RyR; B: Relativedensitometricunits for SERCA1, SERCA2and RyR. *P<0.01 vs CLP-12hgroup.
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