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Exploring the Effect of Esketamine on IL-1pB-Induced Chondrocyte
Apoptosis Based on PI3K/AKT/mTOR Pathway

XIN Xuedong', BAI Yuguang', NIU Yaqing?, XIE Yaying'*
(‘Department of Anesthesiology, Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010050, China
*Department of Orthopedics, Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010050, China)

Abstract  This study aimed to explore the effect of esketamine on IL-1p (interleukin-1)-induced chondro-
cyte apoptosis by regulating the PI3K (phosphatidylinositol 3-kinase)/AKT (protein kinase B)/mTOR (mammalian
target of rapamycin) signaling pathway. Human chondrocytes were divided into four groups: the Control group, the
IL-1P group (10 pg/L IL-1PB), the IL-1p+esketamine group (10 pg/L IL-1p combined with 100 umol/L esketamine),
and the IL-1p+esketamine+LY294002 group (10 pg/L IL-1B, 100 umol/L esketamine, and 25 umol/L LY294002).
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Cell proliferation was detected by the CCK-8 assay and EdU staining; cell apoptosis was measured by flow cy-
tometry and TUNEL staining; intracellular ROS (reactive oxygen species) levels were determined by the DCFH-
DA method; the contents of TNF-a (tumor necrosis factor-a), IL-6 (interleukin-6), and PGE2 (prostaglandin E2) in
the cells were detected by ELISA (enzyme-linked immunosorbent assay); NO (nitric oxide) content was measured
by the Griess reaction; the expression levels of apoptosis-related proteins and PI3K/AKT/mTOR pathway-related
proteins were determined by Western blot assay. Compared with the Control group, the IL-1f group showed signifi-
cant decreases in cell viability, EdU-positive cell rate, Bcl-2 protein expression, and the p-PI3K (phosphorylation
levels of PI3K), p-AKT (phosphorylation levels of AKT) and p-mTOR (phosphorylation levels of mTOR), while
cell apoptosis rate, TUNEL-positive rate, the levels of ROS, TNF-a, IL-6, NO and PGE2, as well as the expression
levels of Bax, Cleaved caspase-3 and Cleaved caspase-9 proteins were significantly increased (all P<0.05). Com-
pared with the IL-1B group, the IL-1p+esketamine group exhibited notable increases in cell viability, EdU-positive
cell rate, Bcl-2 protein expression, and the phosphorylation levels of PI3K, AKT and mTOR, whereas cell apop-
tosis rate, TUNEL-positive rate, the levels of ROS, TNF-a, IL-6, NO and PGE2, and the expression levels of Bax,
Cleaved caspase-3 and Cleaved caspase-9 proteins were markedly decreased (all P<0.05). Treatment with the PI3K
pathway inhibitor reversed the ameliorative effect of esketamine on IL-1p-induced chondrocyte injury (P<0.05). In

summary, esketamine may inhibit IL-1B-induced chondrocyte apoptosis by activating the PI3K/AKT/mTOR signal-

ing pathway.
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Table 1 Comparison of chondrocyte viability among different groups

W /umol -L! AT 2/ %
Concentration /umol L™ Cell viability /%
0 100.00+0.15
6.25 99.32+7.68
12.5 98.14+8.97
25 96.75+8.36
50 93.5149.02
100 91.05+8.67
200 85.11+8.79*
F 2.718

P 0.028

#P<0.05, 50 pmol/LA L #5 . Xets, n=6,
*P<0.05 compared with 0 pmol/L group. X¥+s, n=6.
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Table 2 Comparison of chondrocyte viability among different groups

Iy A SRR S5 /umol L ARG /%
Group Eesketamine concentration /umol-L™! Cell viability /%
Control 100.00+0.21
IL-1B 50.78+5.16*
Esketamine 6.25 52.13+5.35
12.5 54.07+5.41
25 56.89+5.73
50 61.23+6.25"
100 83.74+8.43%
F 65.883
P <0.001

*P<0.05, 5 Control 1 LL4; #P<0.05, HIL-1BZHLLE: . Xks, n=6.

*P<(.05 compared with the Control group; “P<0.05 compared with the IL-1p group. X+s, n=6.
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Fig.1 EdU staining results of chondrocytes in different groups
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Table 3 Comparison of chondrocyte viability among different groups
il S HAFE 26/ EdU H 14: 28 i 22/ %
Group Cell viability /% EdU-positive cell ratio /%
Control 100.00+0.25 39.58+2.16
IL-1B 51.63+5.94* 20.13£1.45%
IL-1p+esketamine 84.81+8.27" 37.74+2.06"
IL-1pB+esketamine+LY294002 56.49+6.43% 23.19+1.24%
F 88.088 188.297
P <<0.001 <<0.001

*P<0.05, 5ControlZlL L 4¢; “P<0.05, SFIL-1pZH LLES; P<0.05, S5IL-1B+esketamine4] FLE% . ¥s, n=6.
*P<(.05 compared with the Control group; “P<0.05 compared with the IL-1p group; “P<0.05 compared with the IL-1B+esketamine group. X+s, n=6.
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Fig.2 Flow cytometry results of chondrocyte apoptosis in different groups
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Fig.3 TUNEL staining results of chondrocyte apoptosis in different groups
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Fig.4 Protein expression bands of Bax, Bcl-2, Cleaved caspase-3 and Cleaved caspase-9 in chondrocytes from different groups
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Table 4 Comparison of apoptosis rate and apoptosis-related protein expression in chondrocytes among different groups

Iy PRI T5/% TUNELFHIEZ  Bel-2AHXXE  BAMIMRIERE it AR

Group Apoptosis rate /% /% S| 2E A KA Tif-3 2 Wi-9
TUNEL posi- Bax Bcl-2 Cleaved cas- Cleaved cas-
tive rate /% pase-3 pase-9

Control 3.06+0.28 3.19+0.32 0.35+0.03 1.14+0.10 0.11+0.02 0.10+0.02

IL-1B 35.2843.74% 37.21+3.82* 0.87+0.08* 0.46+0.05* 0.53£0.05* 0.45+0.05%*

IL-1B+esketamine 11.36+1.23% 13.58+1.51% 0.40+0.05" 1.03+0.11% 0.25+0.03" 0.27+0.04*

IL-1p+esketamine+LY294002 32.74+3.82% 34.56+3.58% 0.83+0.08% 0.51£0.05% 0.48+0.05% 0.42+0.03%

F 200.432 218.517 112.432 108.428 148.149 114.667

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*P<0.05, 5 ControlH LL4%; *P<0.05, SIL-1BZH L “P<0.05, SIL-1B+esketamineZH LU . Xts, n=6.
*P<(.05 compared with the Control group; “P<0.05 compared with the IL-1B group; “P<0.05 compared with the IL-1B+esketamine group. X+s, n=6.

Control

IL-1p

IL-1pB+esketamine IL-1p+esketamine+LY294002

E5 FAREHMROSE EHIDCFH-DAKNLER
Fig.5 DCFH-DA detection results of ROS content in chondrocytes from different groups
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Table 5 Comparison of ROS content in chondrocytes among different groups

! ROSZ & (7 1 24)

Group ROS fluorescence intensity (blank group)
Control 1.02+0.09

IL-1B 6.36+0.84*

IL-1p+esketamine 1.58+0.12°
IL-1p+esketamine+LY294002 5.94+0.67%

F 161.546

P <0.001

*P<0.05, 5 Control 21 LL4%; #P<0.05, SIL-1BZH LL 4 “P<0.05, S1L-1B+esketamine4] [LH . Xk, n=6.
*P<(.05 compared with the Control group; “P<0.05 compared with the IL-1f group; “P<0.05 compared with the IL-1B+esketamine group. X+s, n=6.

F6 SHNBMMTNF-0, IL-6. NO. PGE2/KFLLER
Table 6 Comparison of TNF-a, IL-6, NO and PGE2 levels in chondrocytes among different groups

Garih Ji IR SR BER T -0 H A 2-6 / — %4k % /pumol- L i 41 % E2/pg-mL "

Group /pg-mL"" pgmL™ NO /umol-L™ PGE2 /pg'mL"'!
TNF-a /pg-mL" IL-6 /pg'mL"

Control 59.36+6.72 86.73+£9.04 27.42+2.85 88.24+9.12

IL-1B 221.54+30.16* 316.85+34.49* 97.26+11.74* 352.49+36.25%*

IL-1B+esketamine 98.61+10.53" 174.34+19.61% 48.51+4.47* 159.23+16.48*

IL-1B+esketamine+LY 294002 201.84+22.67% 279.62+30.96% 90.38+9.24% 311.52432.43%

F 94.075 99.922 107.146 137.430

P <<0.001 <<0.001 <<0.001 <0.001

*P<0.05, 5 ControlZl L 4%; *P<0.05, HIL-1pZH LLAE; P<0.05, SIL-1B+esketamine4] FL# . Xs, n=6.
*P<0.05 compared with the Control group; “P<0.05 compared with the IL-1pB group; “P<0.05 compared with the IL-1B+esketamine group. X+s, n=6.
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Fig.6 Protein expression bands of PI3K/AKT/mTOR pathway-related proteins in chondrocytes from different groups
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Table 7 Comparison of p-PI3K, p-AKT and p-mTOR protein expression in chondrocytes among different groups

bl TR A 1) 8 R I UL 3 -0 R AL 1 2 1 B B PRERAL I LY R I B R LR
Group p-PI3K p-AKT p-mTOR

Control 0.97+0.11 0.89+0.07 0.92+0.09

IL-1P 0.44+0.05* 0.37+0.04* 0.33+0.03*

IL-1pB+esketamine 0.91+0.09" 0.83+0.08" 0.85+0.09"
IL-1B+esketamine+LY294002 0.48+0.05% 0.41+0.04% 0.38+0.04*

F 73.968 123.310 121.754

P <0.001 <0.001 <0.001

*P<(.05, 5 Control 21 LL4¢; #P<0.05, S5IL-1pZH LL 4 “P<0.05, S1L-1B+esketamine] HL5% . ¥s, n=6.
*P<(.05 compared with the Control group; “P<0.05 compared with the IL-1B group; “P<0.05 compared with the IL-1B+esketamine group. X+s, n=6.
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