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Preventive and therapeutic effects of dexmedetomidine on postoperative delirium
in aged mice via the regulation of the cyclophilin A/matrix metalloproteinase-9

pathway and its mechanism
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Abstract: Objective To investigate the preventive and therapeutic effects of dexmedetomidine (Dex) on postoperative delirium
(POD) in aged male mice and its underlying mechanism. Methods Mice were randomly divided into control group, model group,
low-dose Dex group (Dex-L), high-dose Dex group (Dex-H), Dex-+cyclosporine A (CsA) group, and CsA group. Open field test
and Y-maze test were performed to evaluate delirium-like behaviors. Nissl staining was used to observe hippocampal morphology ,
and electron microscopy was used to observe neuronal mitochondrial morphology. The levels of reactive oxygen species (ROS) ,
tumor necrosis factor-alpha (TNF-a), interleukin-10 (IL-10), interleukin-12 (IL-14), and the activity of matrix metalloproteinase-
9 (MMP-9) in hippocampal tissue were detected by commercial kits. The expression of postsynaptic density protein 95 (PSD95) ,
synaptophysin (SYP) , cleaved cysteinyl aspartate-specific proteinase-3 (cleaved caspase-3) , cyclophilin A (CypA) , and matrix
metalloproteinase-9 (MMP9) proteins in hippocampal tissue samples was assessed via Western blot analysis. Results Compared with
the control group, the model group showed pale and faint Nissl body staining and blurred contours of neurons, along with obvious

mitochondrial structural damage. The time spent in the central zone in the open field test was increased. The levels of ROS, TNF-a,
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and IL-13, as well as MMP-9 activity and the protein expression of cleaved caspase-3, CypA. and MMP-9 in hippocampal tissue,
were significantly increased. Meanwhile, the number of crossings in the open field test, the number of entries and time spent in the X
arm of the Y-maze, the level of I.-10 in hippocampal tissue, and the protein expression of PSD95 and SYP were significantly
decreased (P<C0.05). Compared with the model group, the Dex-L, Dex-H, Dex-H+CsA, and CsA groups all showed
improvements in Nissl body staining morphology and mitochondrial structure of neurons, shortened time spent in the central zone in
the open field test, and significantly decreased levels of ROS, TNF-«, and IL-15, MMP-9 activity, and protein expression of
cleaved caspase-3. CypA, and MMP-9 in hippocampal tissue, while the number of crossings in the open field test, the number of
entries and time spent in the X arm of the Y-maze, the level of IL-10 in hippocampal tissue, and the protein expression of PSD95 and
SYP were significantly increased (P<C0.05). Compared with the Dex-H group, the Dex-+CsA group showed more significant
improvements in all observed parameters (P<Z0.05) , while no statistically significant differences was found in any of the measured
parameters in the CsA group (P>>0.05). Conclusion Dex could inhibit inflammatory responses and oxidative stress levels, alleviate
hippocampal neuronal damage, and improve POD-related behaviors. The mechanism underlying its preventive effect on POD in aged
mice may be associated with the inhibition of the CypA/MMP-9 signaling pathway.

Key words: dexmedetomidine; postoperative delirium; cyclophilin A/matrix metalloproteinase-9 signaling pathway; hippocampus;

oxidative stress; neuroinflammation
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Tab. 1 Comparison of behavioral parameters in the open field and Y-maze tests in each group (I = s, n=10)

0.05); CsA d/NR A& W4T M2z d8hn 5 Dex-H 41 L #8

a5 0" 55 % YR E LR

T A {5 B ] /s A127% {UR'N R ELIFTH] /s XEHEARE/ K XEEEE /s
Xt B 9.384+1.24 87.50+10.63 85.64+21.32 23.70+3.13 62.58+7.16
BRI 2 31.67+4.59° 40.80+5. 31° 82.51+18.49 9.50+1. 72" 34.21+3.87°
Dex-L #1 25.73+3.65" 51.60+6.17 83.47+24.61 13.20+1.93" 41.36+4.29"
Dex-H 41 18.94+3. 27" 63.40+7. 14" 84.73+23.54 17.1042. 23" 48.67+4.38"
Dex-H+CsA 4l 14.3242. 56" 71.30+8. 25" 81.92+20.83 20.40+2. 55" 54.74+5.12"
CsA 4 18.26+2.93" 65.70+7. 26" 83.26+22.78 17.30+2.16" 47.82+4.51"

T 50 B H#, P<C0.05; BT AH [ 4 ,"P<C0.05; 5 Dex-L 40 L # ,°P<C0.05; 5 Dex-H 41 I %5, 'P<C0.05.
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Dex-H#1 Dex-H+CsAfH CsA#]

E1 REABLHEAMETRERIAEBNER

Fig. 1 Nissl staining results of hippocampal neurons in each group
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Fig. 2 Transmission electron microscopic ultrastructure of hippocampal neurons in each groups
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(P<<0.05), 5 Dex-H4lFb#, Dex-H+CsA 41AY 11-
10K 15, TNF-a ,ROS \IL-18 7K F- 1 MMP-9
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Tab. 2 Comparison of hippocampal levels of ROS, TNF-a, IL-10, IL-18, and MMP-9 activity in each group (T s, n="5)

TNF-a/ 1L.-10/ 1L-18/ MMP-9/

24 51 ROS B 7 . -

(ng-mL™") (ng-mL™") (ng-mL™") (U-mL™")
X 4 91.26%+12.84% 35.4344.62 146.58+16.72 24.8443.73 0.1440.03
g 236.47% +£25.71%" 159. 37+£18. 56" 41.56+6. 37" 86.57+9.16° 3.82+0.29"
Dex-L 41 193.32% +18.63%" 117.58+14.29" 68.34+09. 26" 70.36+8. 23" 3.17+0. 24"
Dex-H 41 152.64% +£17.43%" 82.64+11. 38" 94.29+13.82" 53.43+7. 42" 2.36+0.18"
Dex-H+CsA 41 124.78% +13. 57 %" 56.42+7. 81" 117. 61414, 54" 41.724+5. 64" 1.75+0. 16"
CsAdl 156.29% +17.38%"™ 84.76411. 45" 92.47412.63" 56.98+7. 64" 2.4840. 21"

5 XA L, P<<0.05; SRR 2 Th AT ,"P<<0.05; 5 Dex-L 2 [, °P<C0.05; 5 Dex-H 41 4% ,'P<C0.05,
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H 8 K-35 18 3 T R (P<<0. 05) . S BIRIA] i,
Dex-L 21 . Dex-H 4 . Dex-H-+CsA 20 fl CsA 4 )
SYP .PSDI5 M Rk KF-1 .2 T 5, CypA cleaved

caspase-3. MMP9 & 1 & ik /K °F ¥ i 2 B ik (P<<
0.05) . 5 Dex-H4H %, Dex-H+CsA 4 SYP Al
PSD95 4 H & 5 KV ¥ 8 % T+, CypA. cleaved
caspase-3. MMP9 & 1 & ik /K °F #) i 2 & ik (P<<
0.05) CsAZ/NR R E RIS Dex-HAL L
BRERI TG # L (P>0.05), WK 3.3%3,
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Fig. 3 Electrophoretic blots of hippocampal protein expression in each group

®3 FANREBEIALARXZAENRESNLILE (xx5, n=5)

Tab. 3 Comparison of relative protein expression levels in the hippocampus of mice in each group (T + s, n=5)

il PSDY95 SYP CypA MMP9 Cleaved caspase-3
X R 2H 0.82=+0.09 0.87+0.11 0.36=+0.05 0.24+0.03 0.19+0.03
A 21 0.21+£0. 03" 0.2540. 03" 1.144+0.13" 0.9040. 11 0.76+0. 09"
Dex-L 2 0.36+0.05 0.4240.06" 0.86+0.10" 0.7140.09" 0.61+0.08"
Dex-H 4 0.51+0. 06" 0.58=+0.07" 0.67+0.08" 0.53+0.07" 0.4740.06"
Dex-H+CsA 4 0.67+0.08™ 0.71+0.08™ 0.5240.07" 0.37+0.06" 0.35=+0. 05"
CsA 4 0.5240.07" 0.5640.07" 0.68+0. 09" 0.5640.07" 0.4840. 06"

TE 50 B2 LA, “P<<0.05; AR LL 8 ,"P<<0.05; 5 Dex-L 241 I #¢,°P<C0.05; 15 Dex-H 4 [L 45 ,“P<C0.05,
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PEHT A R, 006 i 2 28 4R A R o
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