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[ Abstract)
limb amputation and their relationships with the endothelial nitric oxide synthase/nitric oxide ( eNOS/NO) pathway.
Methods

Objective To investigate the changes in cardiac electrophysiology and cardiac function in rats after
Seventy-two healthy 8-week old male Wistar rats were divided into the normal group ( anesthesia only),
amputation control, amputation 0. 25 h, amputation 0.5 h, amputation 0. 75 h, and amputation 1.5 h groups (n=12 rats
per group). The left hind limb trauma model was established by amputation surgery. Changes in heart rate, QT interval,
and PR interval were detected by electrocardiogram; the left ventricular ejection fraction (LVEF) and left ventricular short
axis shortening rate ( LVFS) were measured by echocardiography; the left ventricular systolic pressure (LVSP), the
highest rate of increase of left ventricular pressure (+dp/dt max), and the highest rate of decrease of left ventricular
pressure ( —dp/dt max) were measured by right carotid artery intubation; the level of malondialdehyde (MDA) in the
myocardium was measured with thiobarbituric acid; the level of superoxide dismutase (SOD) was detected by pyrogallol
colorimetry; Green’s method was used to detect the nitric oxide (NO) levels; levels of myeloperoxidase (MPO) , tumor
necrosis factor-a (TNF-a) , and interleukin-6 (I1.-6) were detected by enzyme-linked immunosorbent assay; hematoxylin
and eosin staining was used to observe the histopathological changes in the myocardium; myocardial cell apoptosis was
observed by TUNEL staining; and the expression of eNOS, Becl-2, and Bel-2-related X protein (Bax) in the myocardium
was detected by western blotting. Results Compared with the normal group, the following changes were observed 0.5 h
and 0. 75 h after amputation: the heart rate increased, the QT interval decreased, LVSP, +dp/dmax, —dp/dmax, LVEF,
and LVFS decreased, MPO, MDA, SOD, TNF-a, and IL-6 increased, and the myocardial cells were loosely arranged,
necrotic, and accompanied with a large amount of inflammatory cell infiltration. Moreover, at these same time points, the
following significant changes were observed in a time-dependent manner (P < 0.05): an increased apoptotic index of
cardiomyocytes, decreased expression of Bcl-2 protein in the myocardium, increased expression of Bax protein, and
decreased NO level and eNOS protein expression. Compared with 0. 75 h after amputation group, the heart rate decreased at
0.5 h after amputation, the QT interval and PR interval increased, LVSP, +dp/dmax, —dp/dmax, LVEF, and LVFS
increased, MPO, MDA, SOD, TNF-o, and IL-6 decreased, and the degree of myocardial pathological injury was
alleviated. Moreover, significant differences were seen as following: a decreased apoptotic index of cardiomyocytes,
increased Bcl-2 and eNOS protein expression, increased NO levels, and decreased Bax protein expression (P<0.05).
Conclusions  Amputation trauma causes ischemic electrocardiogram changes, cardiac function damage, excessive
oxidative stress, and inflammatory damages in rats. The underlying mechanism may be related to inhibition of the eNOS/NO
pathway.

[ Keywords] amputation trauma; cardiac function; electrocardiogram; endothelial nitric oxide synthase; nitric

oxide; rat
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Table 1 Comparison of EGG changes in the rats of each group

BTG 025 hdl

HAL0.5hH M0 75h  HALLS5hA

20 5 X84
Eﬂ 2 N 1 T’ﬂ Amputation Amputation Amputation Amputation Amputation
TToups ormal group control group 0.25 h group 0.5 h group 0.75 h group 1.5 h group
L% (BPM)H 212.64+7.75 214.86+8. 45 218.51+9.47 224.54+6.06 " 230.97+5. 13#  218.28+4. 284#
QT A3 (ms) QT interval 191.24+7. 46 187.37+7.72 185. 18+6. 06 182.71+5.96"  179.46+7.02#  185.31x1.37#
PR [6]3 (ms) PR interval 69.58+4. 13 68.64+3. 18 65.16+3. 87 64.24+3.16" 63.47+3. 35# 67.08+2. 59#

H L HIEWAIEL, * P<0.05; 58 0. 75 h 41 He A, #P<0. 05,

Note. Compared with the normal group. * P < 0.05. Compared with the amputation 0. 75 h group, *P< 0. 05.

R2 FARKBOCIBER MBS AR MER L (x £5, n=12)

Table 2 Comparison of the changes of cardiac function and hemodynamics in the rats of different groups

g5 A W iR #k0.25 hdA 0. ShdH  WAK0.75hdA WAL LShA

Groups Normal group Amputation Amputation Amputation Amputation Amputation

control group 0.25 h group 0.5 h group 0.75 h group 1.5 h group
LVSP( mmHg) 90. 38+5. 12 88.77+5.83 87.24+4.12 85.05+5.08 " 84.27+4.26" 88.45+5.32*%
+dp/dmax( x10° mmHg/s) 5.54+0. 85 5.26+0.47 5.02+0. 34 4.69+0. 65" 4.47£0.38" 4.81+0. 32*
-dp/dmax( X 10 mmHg/s) 4.25+0. 67 4.13+0. 46 3.98+0. 45 3.75+0.39" 3.58+0.45" 3.95+0. 39*
LVEF( %) 85.33+7.87 83.15+6.96 79.95+5. 31 74.33+6.28 73.94+4. 67" 79.75+5. 84"
LVFS(%) 32.52+4.31 30.42+4.62 29.63+5. 41 27.89+6.17" 27.52+4.37" 30. 86+3. 39*

L HIERA I, * P<0.05; 58 0. 75 h 44 H A, *P<0. 05,

Note ; Compared with the normal group. * P < 0.05. Compared with the amputation 0. 75 h group, *P< 0. 05.
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Figure 1 Comparison of the MPO, MDA, SOD, TNF- and IL-6 levels in the rat myocardium in each group
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Figure 2 Comparison of MPO, MDA, SOD, TNF-a and IL-6 levels in myocardium of the rats in each group

)5 0.5 h.0.75 h D LR T8 BoZg i Tt e, 2
i (P<0.05), S5#BUGE 0.75 h LG, @S
1.5 h O LA I TR BOAIG, 22 57 18 5% (P<0. 05) .
ERANE 4 fE 5 Fs
2.7 OALALRF Bel-2,Bax EARIZER
SSIEH A L, 8 ) A A A e R B R
0.25 h ZH41 Bel-2 Bax # [k T i E AL (P>
0.05) ; BJS 0.5 h,0.75 h ZH41 Bel-2 H Rk
B AL Bax AR BBEW T m, 25 8E (P<
0.05), S5#MJE 0.75 h M kL, BJKJS 1.5 h Bel-2
BEHRBETHE, Bax BARKFEM, 25 8E (P<

0.05), Z554nE 6 FE 7 frw,
2.8 HBHADIALRD eNOS/NO KFEILIER
SRR A L, #RBO) R AL AR B R R e
0.25 h L LAIZH eNOS £k 0 i E A8 1k (P>
0.05) ; BUE 0.5 h.0. 75 h 4441 eNOS £ A
BT, 25 5% W3 (P<0.05) , S#UKJS 0.75 h
AHEE, B 1.5 h eNOS AR m, Z 5 WE (P
<0.05) ; SIEH AIAHEL , BB 0 AR 21 4850 sl R 4 1
J&5 0.25 h HZ U NO /KT i Z 284k (P>0. 05) 5 1%
JJ5 0.5 h 0. 75 h 281 NO /KB #i AL, 25 57
W (P<0.05), S#BIJ50.75 h ML, 8BS 1.5



84 T A B A

2019 4E 8 H4529 £%5 8 1 Chin J Comp Med, August 2019, Vol. 29,No. 8

EHA Pugiici:l

Nonnal group

#J50.5 h4l
Amputation 0.5 h group

Control group

#i0.75 h4L
Amputation 0.75 h group

#J50.25 h4L
Amputatlon 0.25h gToup

')
=%
e g ®

- o __..""'o"

B 1.5 hd
Amputation 1.5 h group

3 FAREONALIG 2L, HE Qe
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Figure 4 Apoptosis in cardiomyoaytes cells in the rats of each group. TUNEL staining.

60% """ . HRTEEAR G OY) e 1 & A L L
RITITIE W AN B, DR G AS B 5 3 0o 4 5T U T
AJE R B A B O Ry e B 403 1 B0, I 400 25 i) B
BB J5 O WA A3 VR AL

FREAAR B 40 Js mT {68 Jd 0 4 4 30 5 v T v L I A PN
35005 R AU R 3R N 5 RRE F g, HL 0N AT 38
O, B AU O WUBR I O ) 8 52 43 S %
e AR KBS IE R KB L, BT RS 0
~0.75 h IR FLL R AN, PR M1 QT [H] #9448 %4,
PR K BRI 7 5 0 B R SR L %, LVSP A oF
it WL 4 5 1 BE 1 19 £ ZEFE 4R, +dp/dmax . -dp/
dmax & PF Ak O LW 46 | & 5K T BB 1) 3 248 AR,



R F A R 2 AR A 2019 4F 8 45 290 #5245 8 1] Chin J Comp Med, August 2019, Vol. 29, No. 8

85

404

w
o
1

FTHEHC)
Apoptotic index

EFH R ﬁ}&q.zs h #J0.5 h #&J0.75 h ﬁ}ﬁl.§ h

ion A
0.5h

Normal Control Amp A
0.25h

ion Amp
1.5h

P P

0.75h
W HIEWALE, * P<0.05;5 0.75 h AL L, F P
<0.05,
5
Note. Compared with the normal group,

Compared with the 0. 75 h group, *P< 0. 05.

e

A5 2R Bl UL U TR R e A
*P < 0.05.

Figure 5 Comparison of the apoptotic indexes of

cardiomyocytes in the rats of different groups
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Figure 6 Expression of Bcl-2 and Bax proteins in the rat

myocardial tissues. Western blot.
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Figure 7 Comparison of the expression of Bcl-2 and Bax proteins in the rat myocardial tissues of each group
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Figure 8 Comparison of eNOS and NO levels in the rat myocardial tissues of each group
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