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Isoflurane alleviates hypoxia/reoxygenation-induced cardiomyocyte injury in rats via
regulating AMPK/mTOR signaling pathway

CHEN Yanlin,ZHANG Xiaomin, LIU Na, YUAN Huimin, XING Zhen, YAO Jie
(Department of Anesthesiology , The First Affiliated Hospital of Hebei North University , Zhangjiakou 075061, China)

Abstract Objective To investigate the mechanisms through which isoflurane alleviates hypoxia/reoxygenation (H/R) injury to cardio-
myocytes via regulating the AMPK/mTOR signaling pathway. Methods Using H/R-induced rat cardiomyocytes, H9¢2 cells were treated
with different isoflurane concentrations, and the optimal isoflurane concentration was determined using an MTT assay. H9¢2 cells were sto-
chastically assigned to control, H/R ,isoflurane , compound C (CC), and isoflurane+CC groups. All groups other than the control group were
subjected to H/R treatment. After treatment with isoflurane and the AMPK inhibitor CC, the cell viability , mitochondrial membrane poten-
tial (AWm),and apoptosis rate were detected in each group using the CCK-8 method, JC-1 fluorescence staining,and flow cytometry,
respectively. Transmission electron microscopy and flow cytometry were used to observe the ultrastructure of the H9¢2 cells and detect the
levels of reactive oxygen species (ROS) in the cells in each group, respectively. The antioxidant enzyme activity and levels of inflammatory
factors released in the H9¢2 cells were measured in all groups. Western blotting was used to detect the expression levels of AMPK/mTOR
pathway proteins in the H9¢2 cells in each group. Results The cell viability, AWm, catalase (CAT) and superoxide dismutase (SOD)
activities, and p-AMPK/AMPK were lower in H/R group than in the control group, whereas the apoptosis rate; ROS, interleukin-6 (1L-6),
and tumor necrosis factor a (TNF-a) levels; and p-mTOR/mTOR were higher in the H/R group than in the control group (all P < 0.05).
The cell viability and AW m were higher in the isoflurane group than in the H/R group. The apoptosis rate; ROS,IL-6,and TNF-a levels;
and p-mTOR/mTOR were lower the isoflurane group than in the H/R group. The changes in the various parameters in the cells in the CC
eroup were the opposite to those in isoflurane group (all P < 0.05). The cell viability and AWm were lower in the isoflurane+CC group
compared with those in the isoflurane group,whereas the apoptosis rate; ROS,1L-6,and TNF-a levels; and p-mTOR/mTOR were higher
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in the isoflurane+CC. group (all P < 0.05). Conclusion Isoflurane alleviates H/R-induced cardiomyocyte injury via activating the AMPK/

mTOR signaling pathway.

Keywords isoflurane; AMPK/mTOR; hypoxia/reoxygenation; cardiomyocytes; protective function
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Fig.1 Effect of different isoflurane concentrations on H/R-induced
H9c2 cell viability
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A, control group; B, H/R group; C, isoflurane group; D, CC group; E, isoflurane+CC group.
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Fig.2 Apoptosis rate of H9c2 cells detected using flow cytometry in each group
Control group H/R group Isoflurane group CC group Isoflurane+CC group
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Fig.3 JC-1 fluorescence staining for determining A m of H9¢c2 cells in each group x 200
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Tab.1 Comparison of cell viability, A¥Ym, and apoptosis rate of H9c2 cells among groups

Group n Cell viability (A value) AWm Apoptosis rate (%)
Control 6 0.84 + 0.05 0.89 + 0.07 1.65 +0.53
H/R 6 0.41 +0.04" 0.57 +0.04" 47.49 + 1.32"
Isoflurane 6 0.81 +0.06” 0.85 + 0.06” 3.27 +0.80”
cC 6 0.23 +0.03” 0.29 +0.03” 73.14 + 1.65”
Isoflurane+CC 6 0.43 £ 0.07” 0.60 + 0.05” 45.76 + 1.29”

1) P < 0.05 vs. control group;2) P < 0.05 vs. H/R group;3) P < 0.05 vs. isoflurane group.

A, control group; B, H/R group; C, isoflurane group; D, CC group; E, isoflurane+CC group.
El4 EHTEREMERZEHIC2HBMEM x 15 000
Fig.2 Transmission electron microscopy images of ultrastructure of H9c2 cells in each group x 15 000
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A, control group; B, H/R group; C, isoflurane group; D, CC group; E, isoflurane+CC group.
B5 AR EEHIC2HEROSKF
Fig.5 ROS levels in H9c2 cells in each group detected with flow cytometry
Fz2 HHEHIc2H R R EEE S KM B FRE R R
Tab.2 Comparison of antioxidant enzyme activity and inflammatory factor levels in H9c2 cells among groups
Group n CAT (U/mg prot) SOD (U/mg prot) 1L-6 (pg/mL) TNF-a (pg/mL)
Control 6 69.74 +4.32 81.03 £5.01 260.86 +51.32 86.14 + 13.61
H/R 6 14.50 +2.94" 22.54 +3.52" 615.21 + 62.60" 334.27 +22.80"
Isoflurane 6 64.82 + 3.96” 76.39 +5.13% 283.15 + 54.79” 97.05 + 16.14”
cc 6 3.90 + 1.25” 6.82+2217 976.54 + 68.25” 565.34 +20.97%
Isoflurane+CC 6 17.13 £3.177 25.76 + 3.60" 580.37 + 61.54” 318.52 +21.35”

1) P < 0.05 vs. control group;2) P < 0.05 vs. H/R group;3) P < 0.05 vs. isoflurane group.
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1, control group;2, H/R group;3,isoflurane group;4,CC group; 5, isoflu-
rane+CC group.
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Fig.6 Western blotting of AMPK/mTOR signaling pathway pro-
tein expression levels in H9c2 cells in each group

#3  FAHIC2HHAEAMPK/MTORIE 5 i B & A AT FiA L%
Tab.3 Comparison of relative expression levels of AMPK/mTOR
signaling pathway proteins in H9c2 cells among groups

Group n p-AMPK/AMPK p-mTOR/mTOR
Control 6 0.93 +0.04 0.11 £0.02
H/R 6 0.51+0.05" 0.49 + 0.06"
Isoflurane 6 0.91 +0.08” 0.12 £ 0.03”
cC 6 0.14 £ 0.03” 0.90 + 0.07”
Isoflurane+CC 6 0.53 £0.06” 0.47 £ 0.05”

1) P < 0.05 vs. control group;2) P < 0.05 vs. H/R group;3) P < 0.05 vs.

isoflurane group.
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