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LVEDD ,LVESD % EF E/A;RT—PCR # i & 405 JLm ie ) Ji W 5 i AR & 4 GRP78 F» Caspase—12 89 mRNA 3% F K F;
TUNEL &4 K203 PLém i =K -F &5 R A48 LVEDD LVESD K-F 3% F5 G40 E/A EF KT E a4, 2FA%it+3F
F L (P<0.05) ; # A 21 GRP78, Caspase—12 mRNA #:F K FFos Plia ol =RF & TE O, %t FE LR HF(P<0.01);KF
Bl P NE AR A4 LVEDD LVESD K-FA& TALA 40 E/A EF & TAE A 48 (P<0.05) ; =41 GRP78 % Caspase—
12mRNA 25 FRF S T KT 39K FAER 20 ( P<0.05) ; 42 A R B AL S A IAR K E RA AL, 5K PIE 28 & TRI5A7 1L
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Effects of Aquatic Therapeutic Exercise Combined with Traditional Chinese Medicine Internal
Treatment on Cardiomyocyte Apoptosis and Cardiac Function in Diabetic Rats
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Abstract: Objective To observe the effects of aquatic therapeutic exercise combined with traditional chinese medicine internal treatment on
cardiomyocyte apoptosis and cardiac function in type 2 diabetic rats.Methods A total of 125 healthy SD male rats were randomly divided into blank
group,model group,aquatic therapeutic exercise group,traditional Chinese medicine internal treatment group, aquatic therapeutic exercise group
combined traditional Chinese medicine internal treatment group (comprehensive rehabilitation group) with 25 rats in each group. In addition to the
blank group, the rat model of type 2 diabetes was established by streptozocin +high fat feeding. After successful modeling, each treatment group
received corresponding drugs and exercise programs. After 8 weeks, LVEDD, LVESD, EF and E / A were detected by echocardiography. RT-PCR was
used to detect the mRNA transcription levels of endoplasmic reticulum stress markers GRP78 and Caspase—12 in each group. TUNEL method was
used to detect the apoptosis level of cardiomyocytes in each group.Results The levels of LVEDD and LVESD in the model group were higher than
those in the blank group, and E/A and EF were lower than those in the blank group, with significant difference (P<0.05). The transcription levels of
GRP78 and Caspase—12 mRNA and myocardial cell apoptosis in the model group were higher than those in the blank group, and the statistical
significance was significant (P<0.01). The levels of LVEDD and LVESD in the aquatic therapeutic exercise group, traditional Chinese medicine
internal treatment group and comprehensive rehabilitation group were lower than those in the model group, and the E/A and EF were higher than
those in the model group (P<0.05). The levels of GRP78 and Caspase—12 mRNA transcription and cardiomyocyte apoptosis in the three groups were
lower than those in the model group (P<0.05). The improvement of each index in the comprehensive rehabilitation group was the most obvious, and the
difference was statistically significant compared with that in the water exercise group (P<0.05).Conclusion Aquatic therapeutic exercise combined
with traditional Chinese medicine internal treatment can reduce the apoptosis of myocardial cells, inhibit cardiac remodeling and protect cardiac
function. The mechanism is related to reducing endoplasmic reticulum stress in myocardial cells and inhibiting Caspase—12 apoptosis pathway.
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TR TR s £ 0 ) iy R A R LR, K
iz IR YT R KT BER B A AR ik, Tk
FRE DL Ak O B A, ZE iz ST AZ O LA
FEZARHB BN, IR R G RER B T
YRIT T 1, MOk M 22 1 24 B T RN PR 1 36 R
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FLZEIYH®, RLIIETK DBk G eyl
AR PR R B LA B PR T AL T RE I SE I, R
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1.1 F2EGH S5 BRI R (Lt e e A=)
o)), MR AR (R 8 A TRA R A,
e R ARDRE (VT8 B IRl AR 9 TR A FRZA ] ), TUNEL
B & (AU AR AR AN R ), A AR 7K (PBS 28 i
W HOR | ORI G E AL S W 4% 2 R R
(AR T RBFEE AL 2% A FRA F] ), PCR 51 9 S 7
(iR A YR A BR A F ) ; Vevo-770 /N8l
YIS, i TAE S QLARTERHE YR A TR
], -80 CHRIR VKA (Fh R ), 62 Wi
(AR A F] ), PCR X (Bio-Rad 4] ) .

1.2 sh S5 e SD KR 125 H, Rk
(240+10)g[4 H | P8 BRI SE 5 s rhos VT Ik
%5 SCXK(H)2014-002], K FEUIAIFE T AL R EESY:
BEsh sl , BRI (2042)°C AHRNREE 50%~
60%. 1 HRBEHIEL TR o R 4 BRI
HPNEAH Kz LEERE A, B 25 H o BRas
FZHAN , A2 256 10 h )5, BRI IR 50 me/kg fE
Jis T P RER A R 2, 72 b JE RN s B IR (FBG ) 7K
Vo SEPEESE 2 YR FBG=16.7 mmol/L KL, g iR F:
3AHIGEVER 2 BUBEPRIGERY AR5 B2 4
A AR SR = B ) SR (AR LS 0 - FE IR ER 0.3% (IR
BEE 1.5% . 3 10% . K 10% . 538 16k
78.2% ) , 25 AL K BUR AR Ak 5 . S8 2™
K ESFIEE NIH P RySEs syl H4g e, Jflid s
VLR B2 e SE G sl e PR ZE 51 23 (Rt

1.3 KkHiBshi H% Kiisshel Dl K gE 6 B 4
B HI KBRS 72 st A e ikiz 8l , K97 iz st
TKEA/INT 30 em, 4EFF/KIE 32 °C~35 C, ARl
HITHEE, Bk Biie 4. BERliEsh 6 A 1 - hiE
R, A2 B R 10 min/IK, 5 2 N 4E Kz 3
N, 38 B A2 2 30 min/Ik, 2 3~8 iz 3
A TE] A 60 min/YK o

L4 FEBMH AR KBRS L4 HK

i R LR ET BE T I A AT R EE
2= Be i B B ) il i 8 L Ak 5 R BRI A A
Ao 24550 i, e SR B, R INTR 4 5 45
BB AR 1.0 o/ (kg d)FEARIRE , B4 5K
Wiz S B RS T A R R BEEL K FE B Ab PR, 4k
W 8 JRLASLHVE B AL BRAEZ BT 2 h AT .

L5 A DB R 42052 MR AL BR 8 )5 ik
TB R O Bl BRI, 2% S 3006 A5 SRR IR L,
PEMY [ AE, R Vevo—770 /NS 2 WUk
W22 28 87 A N 42 (LVEDD ) 22 28 IC4R AR I M 72
(LVESD) #4340 (EF) | ARk s 78 2 301 5.0
AL A i 38 R LA (/A ) o

1.6 SEBGIU 4% 44552 AR UM N Ab BRI E 17 4 7
ool BRI G R IRAL SR B, GO, 438 2 355
o7, —uBor 4% TP R, F A aE U,
FIF TUNEL ¥R LA IR T, 55— 3B AL
F-80 CHIALAFE, HT RT-PCR L5,

1.7 TUNEL Ao LAR B 1= R R —H R Ab 2
O WUH YT F 10 min, S 548 1 2 B0 W 58
KA EE AR A8, IR T 15 min, 3% 54k
SUATRALEE 10 min, #%HE TUNEL 8 TR 55 &
HIBCH TUNEL ¥ ; FF TUNEL W24 F,37 °C
TV 60 min, PBS YIS U DAB 2 457, 85% .
95% . 100% 3% e FE ARG FE CBER /K, —H 2R I, i
Ja TP I o AR LSS 1 TUNEL 468
KECONLARB A T-45 5 . 8T YR O LA Az A 3
B, TEH O LA A 2 Bk U e 88 5 A
A A T 40 B R S BORT O T A M AZ B H R AT S
Th, IO LA L T 45 %X (cell apoptotic index,
CAL). CAT=JAT LA A% E S A A% %< 100% ,
AN EF N CAL, FTFBCEIE.

1.8 Real time—-PCR il % /0> AL ZH 2 v 75 26 B 8 15 2
1 78(GRP78) Pt 2 2 K 4 2 FR 5 [ i —12( Cas—
pase—12 mRNA)F SEKE BUOHLLHZ 0.1 ¢, A
RIS i ) Trizol 2857 $12 BUA Bl UL 21 38
RNA, ZE3 R MHEE I F PRORr I 5 M I e it &
VL5 50 cDNA, FREUCH A9 %K . Real time—
PCR | £ GRP78.Caspase—12 mRNA #f X & ik /K
S, N A6 R 96 °C 4 min, 94 °C 30 5,58 °C 30 s,
72 °C 30 s, 331 40 MEH . B AFEH AFHXT kbR
HEAL GAPDH, 5T fif FH 2-22 3 b4 74347
T P E R BTS2 W 1.

1.9 it b3 A 55 R I SPSS 19.0 ik
P07 ORI DL (xes) o, 240 18] HE B0 R F B
K2 J5 22501 (One—way ANOVA ), P 21 [6] o35 % H
LSD-t K% . P<0.05 2= A Geit=# 2 3L, P<0.01 3
NG R
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mRNA 52l K (bp)
GRP78 3% 5'- CTTGGTATTGAAACTGTGGG-3' 234
T 5'-TGTTACGGTGGGCTGATTAT-3'
Caspase—12 3% 5’ ATTCCTGGTCTTTATGTCCC-3' 117
U 5= TCATCTGTATCAGCAGTGGC-3’
GAPDH i 5'-TTCAACGGCACAGTCAAGG-3' 114
T 5'~CTCAGCACCAGCATCACC=3’
o s Yy (P<0.05),EF FEAE (P<0.05),E/A B (P<

2.0 RE RO SR E B R R SRS #h 2=
BE, BORIR, 2K 28 RE M, S AR BRAER
F% HEB 5Kz s R

2.2 FHARBOEEIRFE PR L S R 45
R, 525 A HeE, BRI KB LVEDD 5 LVESD

0.01); 280t 8 BT )E , SR A L, K iz 3h
2 h IR AL NZEE R 4 LVEDD \LVESD Y%
% ,EF J+55 (P<0.05),E/A FHE (P<0.01); fE16 9T
i Z5A R A TR AR s o B B, 5ok
B L, 22 R A SR L (P<0.05), TL3k 2,

*® 2 BAKRROEELIERS OINREEIRALLE (xxs)

2051 n LVEDD(cm) LVESD(cm) E/A EF(%)
=L 25 0.4820.12 0.17+0.06 1.85+0.18 88.60+4.20
FRRIZH 25 0.69+0.07" 0.38+0.03* 0.78+0.35* 75.40+3.60°

Kz s 25 0.62+0.25 0.29+0.04% 1.12+0.14% 81.10+1.30%
IR 25 0.58+0.23% 0.26+0.02 1.170.13% 83.10+4.50%
GZE AN 25 0.57+0.174° 0.24+0.034° 1.20+0.13%° 84.80+1.204°

525 A R, TP<0.05; 525 A FUAR, TP<0.01 5 SR AT, 2 P<0.05 ; SR ZH 55, $P<0.01 ; 5K s s i, ©P<0.05

23 A KRBT T CAT By LA LT
TUNEL 3K 25 5 8 /n I H RS RO WU i AZ N
WA, FHYERI T O LA A b B, A% A AE A
a5 RBUNTFIE R A KN 528 A s 1A
KB AL 2 INTR AL LR R 410 LA i
TR T (P<0.01) ; 5HLRIZ L, 7K iz 3l
2 GRS A R AL LR B IR TR B AR
(P<0.05); 57k Hiz shef] Foise, g8 & REE L0 NLAniE
PHT 2 IEAL(P<0.05), WK 3 WA 1.,

\

SRR

* 3 FAKXR CAI HILLE (xxs,%)

205 n CAI
ZHA 25 5.20+0.36
T2 25 42.50+0.36"

Kz shdl 25 34.60+0.13*
PR 25 32.10+0.83
e ik 25 31.50+0.17"**

525 AU, P<0.01; SR i, *P<0.05; 5K g sl
2H R, 2 P<0.05

“"5"

ez

LRATHEAA

B 1 FEXROAAAETER (TUNEL,x200)
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2.4 F A KO UL GRP78  Caspase—12 mRNA
SRR A S Al gy, A Krhiz sl
M., hANIRA . LA FEEH K Caspase-12,
GRP78 1) mRNA % 5 K #4755 (P<0.01); 45 8
JNEIT R, SR s, K Pag shd TP 2 A4
ZEA HEE 4 Caspase—12 . GRP78 1] mRNA ¥4 5% 7K
BIREAR (P<0.05), 5K iz sh 4l Lhig, 26 B 40
Caspase—12 .GRP78 1) mRNA %2k FREAL, 5
BYiTRE X (P<0.05), 155 4.

x4 BALAME GRP78,Caspase—12 mRNA
HRIKFELLE (xxs)

2057 n Caspase—12 GRP78
2 HA 25 1.15+0.21 1.30£0.15
ERIEE| 25 8.31+0.25" 9.150.50°
Kz g2 25 6.14+0.17* 6.51+0.22"*
IR 25 4.18+0.83 4.79+0.90™

GAREN 25 4.06+0.12"# 4.17+0.13"#

- 52 A4, P<0.01; SHBIA K, P<0.05; 5K g 8l
ZH H#E, 2 P<0.05

3 1ig

B o o 6 T BRI, R ) S R S A
B o O LA ARG MIT S s v R 5 5 1L
AR ] 2 UL O U R 25 5 25 Rl HES D Fgs A
JUUEH L R B ] T, R DR PR R X M S )32
H™EAHE . ERS WIBAIEBITERE R 5.0 LR
TR AR A AR B IR ERS X0 LA
A RS BIRAEIRIE T O J) s v  HEE R AR,

DAY T3 ) LA 200 L Ak T Bl 28 B A 4 i
i, T BT R o R T A0 AR )6 i A KA
TP AR Az S s B R A T O PN
PIERZS, BRI B sl R Ir S EH AR R, 5
ERS 19 & Az, o4 J5T 90 o 247 1 B A A I sl
TS R, BN RE 1 LA A2 S R R
IR, R Z AR YT B 8 H I (unfolded protein
response , UPR)!, BHIRPGIRA T iy s o s 1A |
AL BLCIR S ST S IO S5 BRI 3R 515 0 LA
JAF AR ERS {5 25 F R A J5 I 15 S (protein
kinase R-like ER kinase, PERK). {Hfb#% 2K+ 6
(activating transcription factor 6, ATF6) M JJLEETS K
fiff 1 (Inositol-requiring enzymel ,IRE-1) 5 GRP78
SR S RS E NS S IS UPR LIKE N
FE AR AH I FERY ERS Kl ik O LA 5 91 52 A
A MRE ), PERK (ATF6 IRE-1 =3 K WS T
TR (550 F CCAAT Bé5i T-45 4 2 1 A H
H (CCAAT/Enhance —-Binding protein Homologous
protein, CHOP) c—Jun ZFEAR v (c—Jun N—ter—

minal kinases,c—JNK) ,Caspase—12, #{% 5. CHOP/
GADD153 i 1% .c—JNK i 1% .Caspases12 — 4% ERS
TR, FECO NN T,

ARSI B ST 2 AURE PRI K B BUR ST 17K
izgl . A NIRAK TRE A TR 2 IR X R IR
g R B O WA T AL DI RERY T HIRCR . SEuh sl
KRS HAH A, BRI K O NEE B 45 bR
LVEDD LVESD #4& , .0 JIREFE AR EF E/A TR, 3=
S 56 HoBE RO K RO IESE F B R, A SR (A
PRI B AE , H B DI RE N . = MRYTAIZ 8
SRR T T, AR K SO R S8 A0 D REI 15
PRk, HEr A HEE 4O E AL DI RENGE
Yo T K iz shd . AR K BRESE g R B, iz
Sl k] i 845 NADPH A6 EE IS PR a2 K flos
TS AR SR, S T A PR R B Co IR B 9,
FULTIRE. Wil 5 R IUPFS TS o PSR
AT 3 A RS PRI AR B C L NF-«B 38 5%, D R
JiE SN, XA PR R RO WL R R . b 55 A
HIBFIE R, iEikizs 3 T HUS B PR R RO =R
FLL LT A AR 15 2 B 0 0l . ARSI 25 R R
Tz SR 25 IR Y BAT 4 /NGO RS P R |
s O AWER T BRI ORES Y ReRIVER, SEG
USRI AE AR . AT B B PR B A OB
RIS Sh A AU JE Hh X8 mT B JUL A A O T3
A Sz e ILZH ZH TUNEL e (0,45 3 [a) RE o, b
FRIGR RO LA T2 2 e, B O LA
M TCHEFE e T, VTR B e O R S &k
A A S 55 rh WL E2 21 AR PR K BRLC D i B B
%o fFRMERRHAS Z4 S IR K
GBI 2R T, A RS PR R BRC L
WIPHT K XEIE AL ST A B, 4 SRR S 3l il
VAT 5 R e S B =S e L TN 5 s 2
O WU AR/ N RO D RE , 128 0 7 vtk g S FEAS
S rh ke BK iz sl 2 N R 34 T D BE R K
SOOI T, PRI ECE T ZE G R 410 WL
TR IR S et . SCae i — X T RE A VE
PUHIEAT THR5T, a0 4% 2 S 56 K RO JILZH 4
ERS #5431 GRP78 Caspase—12 ) mRNA F %K
S LA A3 B R RS IR AC BRL PR JE I B J8K ~F i
ETtmr, ARG A RE I RO LA
il GRP78 . Caspase—12 fi}) mRNA §% 5% /K, HRA
TBITT AL ILAR B A T KT R B 5 B i B ERS
PTG Y Caspase—12 P T-18 BA 5%, X 5 4 15 %™
FVH W PR HRGE A I ERS P8 T B, v] BRSO
WLAR IR T 7K B B BARST . D3 8b, 4l AH S I R 2k
P BT 53 B 41 28 P4 5t 9 17 J8cbs i ) GRP78 AT Hp 1
WL Tl PO B RIS U, ARSI
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HroK Hraz Bh 4L 25 P IR 4 RN 5 A B2 A4 B TR G
KEZE 8 FIMBLIR YT S D LA GRP78 mRNA #%
SIKAPAH XL R R SR AR, s Lok = o
ST T VR FAT 5 O 1 S 5B WU B9 7 I PR 1o
M E

gi BRIk A0 UA TR R T O LA K A
aeb B P I O 7 SR %) T A JRy 22— O U S
DR o JLZH L DR 88 T 25 0 5 B AL SR A5 2R, s
JULZH P 08 T FT R ol bR S8 O IR, BRI
TEVE 2 R, AR5 e BOK i sk A TR 2 N YA
T EIZEE BREGYT A RATORE PR T O
FETHOIIRE , AL 508U O L2 L 2 JEE PR S ) i
B, 90 Caspase—12 JATZH A .
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