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Effects of moderate-low intensity treadmill exercise combined with low frequency vibration
intervention on doxorubicin-induced cardiotoxicity and osteoporosis
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Abstract: Objective  To investigate the effect of exercise intervention on the toxic effect and osteoporosis induced by
doxorubicin, and to provide a theoretical reference for the development of a practical exercise prescription for the recovery of fitness
in cancer patients. Methods In this study, 50 mice were used. All the mice were fed adaptively for 1 week. Bone mineral density
(BMD) and bone metabolism were measured during this week. Mice were divided into control group (group C, n=10),
doxorubicin control group (DOX group, group D, n=10) , treadmill exercise + doxorubicin group (Run+Dox group, RD group,
n=10), vibration training + adriamycin group ( vibration+dox group, VD group, n=10), and treadmill+vibration + doxorubicin
group ( Run + Vibration + Dox group, RVD group, n=10). Mice in RD group, VD group, and RVD group started exercise
program. Mice in C group and D group were fed normally in cages. Mice in D group, RD group, VD group, and RVD group

received daily intraperitoneal injection of DOX on the 15th day of exercise intervention, and lasted for 10 consecutive days. Mice in
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group C were injected with the same amount of normal saline in the same cycle. The whole experiment period was 8§ weeks. BMD,
bone metabolism, cardiac ultrasound images, and heart function were measured after 8 weeks. Results  Ventricular posterior wall
contraction ( PWs) , posterior wall diastolic (PWd) index, ventricular thickness in group D was significantly lower than those in
group C (P<0.05). The thickness in RD group and VD group was significantly higher than that in group D (P<0.05), but was
significantly lower than in C group ( P<0.05). The ventricular thickness in RVD group was significantly higher than that in D group
(P<0.05). Ventricular septal contraction (IVSs) index and the ventricular thickness in group D were significantly lower than those
in group C and RD group ( P<0.05). The thickness in VD group was significantly higher than that in group D ( P<0.05), but was
significantly lower than that in group C in posterior wall dilation ( P<0.05), ventricular diastolic thickness (IVSs) in the ventricle,
ventricular contractions ( IDs), ventricular diastolic ( IDs), ventricular wall relative thickness ( RWTs) during systole, and
ventricular relative thickness (RWTs) during diastole. The post-test results of bone mineral density was significantly lower in group
D, RD, and VD than those before the test ( P<0.05). There was no significant difference between post-test and pretest in group C
and RVD ( P>0.05). The post-test results in group D were significantly lower than those in group C ( P<0.05). The post-test results
in RD group and group VD were significantly higher than group D ( P<0.05), but significantly lower than group C (P<0.05). The
post-test results of RVD group were significantly higher than D group. The post—test results of Ca, ALP, BGP, and TRACP5b in
group D, RD group, VD group, and RVD group were significantly higher than those before the test ( P<0.05). The post-test results
of group D were significantly lower than those in group C (P<0.05). The post-test results of RD group and VD group were
significantly lower than those in group D ( P<0.05), but significantly higher than those in group C ( P<0.05). Post-test results in
RVD group were significantly lower than those in D group, RD group, and VD group ( P<0.05) , but significantly higher than in C
group ( P<0.05). Conclusion The use of doxorubicin may lead to thinning of heart wall, decrease of blood flow in the heart,
decrease of BMD, and increase of bone resorption in the mice. Treadmill and vibration intervention inhibit the thinness of the left
ventricular wall and the decrease of blood flow in the heart induced by doxorubicin in a certain extent. Treadmill combined with
vibration intervention significantly inhibit adriamycin-induced decrease of left ventricular wall thickness and cardiac blood flow in
mice. Low-intensity running exercises combined with low-intensity vibration training has high operability for cancer patients treated
with doxorubicin, and good preventive and therapeutic effect on doxorubicin-induced osteoporosis.
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Table 1  Grouping intervention plan
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Table 2 Results of heart ultrasound test( mm)
2H 5 PWs PwWd LVSs 1VSd 1Ds 1Dd RWTs RWTd
CH4 1.19+0. 05 0.89+0. 03 1.51+0.05 1.02+0. 06 2.51+0. 12 4.08x0.07 0.34+0.02 0.29+0. 02
D4 1. 01+0. 06' 0.71+0. 09" 1.21+0. 03’ 0. 86+0. 04 2.84+0.11 4.00+0. 05 0.27x0. 04 0.26+0. 05
RD 41 1. 11£0. 054 0.86+0.02 1.38+0. 09" 0.96+0. 04 2. 67+0.05 4.13+0.03 0.34+0.03 0.28+0. 02
VD 4 1.08+0. 12" 0.85+0. 13 1.32+0. 07! 0.92+0.06 2.69+0. 08 4.06+0. 05 0.32+0.03 0.29+0. 04
RVD 4 1. 17+0. 10? 0.88=0. 15° 1.45+0. 10 0.98+0.03 2.61+0.06 4.12+0.10 0.31+0.03 0.27+0. 02
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HEEEMT C 4, 5T RD 41/ VD 41, (H2 71y
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Table 3 Results of cardiac blood flow test
HE) MV/(em/s) AV/(cm/s) FS/ % EF/% HR/bpm SV/uLl  CO/(mL/min) IVRT/ms IVCT/ms CT/ms MPI
C 741.23% 549. 45+ 35.61+ 65.32+  391.89= 48.53+ 20. 42+ 17.33+ 21.51+ 65.92=  0.59=
= 12.34 19.03 2.34 1.83 13.45 2.38 1.30 2.58 1.32 1.91 0. 04
D 21 651.21=+ 387. 34+ 28.52+ 55.93+  371.56= 37. 82+ 14. 34+ 23.56+ 17.63% 62.89+  0.66=
- 22.90! 19.11' 1.39' 2.45' 13. 67 3.90% 0.72 0.71' 0.74 0.89 0.03
RD 4 686.33= 465. 12+ 32.31+ 59.34+  368.56= 42,34+ 16. 23+ 19. 67+ 18. 78+ 64.67+  0.63=
. 15. 23" 34. 06" 3.52"2 3,721 18.78 5.23" 3.32 0.78" 0.98 0.98 0.02
VD # 675. 25+ 451.21+ 32.80+ 58.67+  371.78= 43.67+ 15. 78+ 19.92+ 19. 98+ 64.98+  0.63=
- 22.24" 35.35" 2.92'2 4.56' 14.78 4.89" 4.03 1.67"7 0.96 0.90 0.03
RVD 41 693. 90= 502.27+ 34.21+ 62.35+  386.72= 45,89+ 18.25% 18.79+ 20. 45+ 65.02+ 0.61=
- 35,2212 41.46'2# 3.54! 3.78%% 13.67 5.032 3.37 0.98'%%4 0.10 0.76 0. 02
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ZREPEK AT E & F KF D 4 . RD M VD 4 (P<
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REEMTATN (P<0.05), CH . RVD A7
A2 R A EA ST X (P>0.05), D 4AEN
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Sz LR EM T C 4 (P<0.05) ,RD 20 . VD )5
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Table 4 Results of bone mineral density and bone metabolism tests

_ BMD/(g/cm?) Ca’*/(nmol/L) ALP/(U/L) BGP/(ng/mL) TRACP5b/ (ng/mL)
E ) oy — e N N N ey — e —
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