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Effect of Dexmedetomidine on Postoperative Cognitive Function of Mice
with Femoral Fracture by Modulating Nrf2/ARE Signaling Pathway
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Abstract This study aims to investigate the effect of Dex (dexmedetomidine) on postoperative cognitive

function of mice with femoral fracture by modulating Nrf2 (nuclear factor erythroid-2 related factor 2)/ARE (anti-
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oxidant response element) signaling pathway. The male C57BL/6J mice were collected, and were anesthetized to
prepare a femoral fracture model, and were randomly grouped into model group, Dex group (25 pg/kg), Bru (brusa-
tol) group (Nrf2 inhibitor, 1.4 mg/kg), Dex (25 pg/kg)+Bru (1.4 mg/kg) group, with 10 mice in each group. Another
10 C57BL/6J mice were set as sham group. Then the cognitive function of mice was detected by new alien arm
exploration experiment and platform jumping experiment. Transmission electron microscopy was used to observe
the ultrastructure of mouse hippocampal neurons. TUNEL staining was used to detect the apoptosis rate of mouse
hippocampal neurons. The levels of ROS (reactive oxygen species), IL-1p, IL-8 and IL-6 in serum, and the activi-
ties of GSH-Px (glutathione peroxidase), SOD (superoxide dismutase) and CAT (catalase) in brain tissues were
detected by kits. Western blot was used to detect the expression levels of Nrf2/ARE pathway related proteins in
mouse brain tissue. The ultrastructure of hippocampal neurons in the model group was obviously damaged, explora-
tion frequency, exploration distance and exploration time ratio of the new alien arm, the activities of GSH-Px, SOD
and CAT, and the expression of Nrf2, NQO1 and HO-1 proteins in brain tissue were obviously lower than the sham
group (P<0.05), the exploration time and the latency period of platform jumping were significantly shorter than the
sham group (P<0.05), the number of jumping errors, hippocampal neuron apoptosis rate, the levels of serum ROS,
IL-1B, IL-8 and IL-6, the expression of Keapl protein were obviously higher (P<0.05). The ultrastructural damage
of hippocampal neurons in the Dex group was reduced, exploration frequency, exploration distance and exploration
time ratio of the new alien arm, the activities of GSH-Px, SOD and CAT, and the expression of Nrf2, NQO1 and
HO-1 proteins in brain tissue were obviously higher than model group (P<0.05), the exploration time and the la-
tency period of platform jumping were obviously longer than model group (P<0.05), the number of jumping errors,
hippocampal neuron apoptosis rate, the levels of serum ROS, IL-1f, IL-8 and IL-6, the expression of Keapl protein
were obviously lower (P<0.05); in addition, the trend of the indexes in the Bru group was opposite with that in the
Dex group (P<0.05). The ultrastructural damage of hippocampal neurons in the Dex+Bru group was aggravated,
exploration frequency, exploration distance and exploration time ratio of the new alien arm, the activities of GSH-
Px, SOD and CAT, and the expression of Nrf2, NQO1 and HO-1 proteins in brain tissue were obviously lower than
the Dex group (P<0.05), the exploration time and the latency period of platform jumping were obviously shorter
than the Dex group (P<0.05), the number of jumping errors, hippocampal neuron apoptosis rate, the levels of se-
rum ROS, IL-1B, IL-8 and IL-6, the expression of Keap1 protein were obviously higher (P<0.05). Dex can alleviate
postoperative neuroinflammation and oxidative stress in mice with femoral fractures by activating the Nrf2/ARE
signal, thereby improving their cognitive function.

Keywords dexmedetomidine; Nrf2/ARE; femoral fractures; cognitive function

AJEINEI T REFEAS (postoperative cognitive
dysfunction, POCD)& -0l B HT5F F AR5 HILI
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112 EEZXAABAME  HBIRAEFERE E SR
(LR BAEZNE AR G PR A, B Z5#E5-H20110085,
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P HEE 4 R I TR BRI P5%, BI S s A
EAEA2 A, 40 K (AN 95%), R A a4
RIENEEAA . Dex4l. Bruzl. Dex+Bru4i,
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BRidliZ. 45 minf5 AT 220 - FTOFHT R, 18/ R
TE3ANE H H HERER S min, 03/ RIEHFE 1
RERH REN )RR, IR AR
T PR ZR IS [ I 5 A5 OB e B R R N (R B . O
SR PR R I B G =07 S R R I B 3N R R e
[H]1x100%, LLEAT & /N BRI D RE .

Bk Bt % AN BT Bk Bl A IE R
BE, FTFFACER 0 o i R b s BROgEAT f e, s Il
SN R EF & _E PR, YIRS minfniE/D a1z,
AR5 T30 min/m BEATIINA, Tds AT TS 2]/ B
91 B R AR gk G IR, [l



BT A A7 RATIKE I TTNef2/ARE(S S5 I8 O /N BB B T AR5 AR D BE AR 2561

5 min PN /) BRSZ B L 0 OB Bk 5 SRR B, DA
I AT B /N BRI D R
123 Rl DAY 2 TR e ML A AR A R
KN T BE A I J PR I 2% 2H /0N B, B HE SR I ) 5 0
(1 500 r/min. 10 min. 4 °C), BUES 0 b 1 i
{17 T—20 °CUKFE &4 o

FHUAE i F AL B8 /N BRUJS BY R Sk, HBCH K S
TEVK FVE > B S, BUHNZ) 1 mmx1 mmx2 mmf]
. 4 °CRLL2.5% B[ E2 h, 25 °CF L 1%
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Bk & AR I AR LU AR TP R 41 12 3 46 7 (P<0.05), Bk &
JREE B EL AR T R 241 38 2 FH = (P<0.05). DexZi
NEUBT IR R I IR R IR AR SRR (] EuAR b
R TH 5 (P<0.05), FRERF A Bk & 3R A L
BRI ZH ZEK (P<0.05), Bk 05 RO LU ASE AY 20 b
i (P<0.05); BruZil/NEUHT R E IR R IR IRR AL
5 PR 2 W 1] LU AR PE AR 2R 40 PR AR (P<0.05), PRZE I [E]
Bk G VAR A LU TR 240 45 R (P<0.05), Bk 5 048 X
O EE AR 4 TH 7 (P<0.05). Dex+Bruf /) iU 7+
BIRZ A IREBRFE S IR ZE W] B LU AR Dex 41
R (P<0.05), FRZEWF ], Bk & AR BAAH b Dex 2H 46 78
(P<0.05), Bk &5 045 R EUAH L Dex 47t 1= (P<0.05).
ILEN AL,
22 FBHENPDRESHETEBMEN

BT A A /I BRI 2 o 48 0 R 35 ) e R T
SEUF AT 5 BEAY 2 /N BRI S i 4 T B A S ) R AR
B B0 20 A A 25 A B A, SR AR A e U
SER TR B 2R L, A% BOREDRS , REL T P J5R X S A A
% A Gt 7 SR AR 2R BHIR 5 Dex ZH /)N B ifg 5
ZTCRRAR SR IE AR T2 i . ERRIARSE R R BUE R .
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Fig.1 Trajectory diagram of the exploration experiment of new alien arm of mice in each group
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Table 1 The results of the exploration experiment of new alien arm and jumping platform experiment of mice in each group

il ProaEER O PREERINEs PR R R /M Wi R R Bk & TR Bk & I0E L
V&:i¢ Eb/%
Group Exploration Exploration time of ~ Exploration distance Exploration time Latency period Number of
frequency of the new alienarm /s of the new alien ratio of new alien of platform jumping errors
the new alien arm /m arms /% jumping /s
arm
Sham group 7.60£1.21 125.20+16.25 18.12+2.35 51.73+£6.20 134.80+19.42 1.90+0.52
Model group 4.20+0.63* 93.70+13.36* 10.03+1.24%* 30.25+4.31* 59.10+11.23* 8.40+0.43*
Dex group 6.70+0.94" 113.60+15.417 16.15+1.96" 49.64+5.45" 129.20+17.56" 2.40+0.67"
Bru group 1.30+0.76%* 63.40+11.58*" 3.9440.83%" 13.02+3.50%" 21.20+6.51%% 14.60+0.86*"
Dex+Bru group ~ 4.90+0.65* 102.50+12.17*% 11.24+1.57*% 32.10+£5.14%% 62.30+10.83%% 7.90£0.52%

#P<0.05, ST RALLEL "P<0.05, HHYALLES; “P<0.05, 5DexZHLH. n=10, X+s.
*P<(.05 compared with the sham group; “P<0.05 compared with the model group; “P<0.05 compared with the Dex group. n=10, X*s.

B2 TF 15 (P<0.05); DexH /N BRI S A 28 S0 T2 %A
FE A 4 BRAIG (P<0.05), Brui /) Bt Sy sl T
FHM AR T 7 (P<0.05); Dex+Brufl /) iU i B #if
2 JUIH T A thDex H T 155 (P<0.05)(KEI3 A1 3R2) .
2.4 FHHPNRMBEROSS K MEETFKF

B ZH /N R ML TE ROS . TL-1B. TL-85 IL-67K
FAH H AT AR & T & (P<0.05); Dex4H /N BRI
JEROS. IL-1B. IL-815 IL-67KF A EL 5 Y 21 P& A
(P<0.05), Bruzll /) RUMiE ROS IL-1B. IL-851L-6
7K P B A AR 20 Tt v (P<0.05); Dex+Brudi /) fi I
JEROS. IL-1B. IL-8 5 IL-67K F-#H L Dex 4L &
(P<0.05)(33)-

25 FBEPDRKEALIRELEREM

BRI ZH /N BT 2H 21 GSH-Px. SOD5 CAT 1k
AH ELAR T AR I 3 PRI (P<0.05); Dex#H /N BRI 2H 28
GSH-Px. SOD5CATH M AH LLAR T 2H T 51 (P<0.05),

BruZH /N U ZH 2 GSH-Px. SOD-5 CAT{E 144 b A

HYLH BEAR (P<0.05); Dex+BruZd /) Ui 4H 28 GSH-Px.
SOD 5 CATHE M AH Ee Dex 41 BF AR (P<0.05)(£4).
2.6 BLE/NFEINBLEANI2/AREBIRIEAE A RIL
155

BEAYZE /N BRI ZHZA N2, NQO1 5 HO- 15 %
IE7KFAH AR T AR 4H 235 FEAIK (P<0.05), Keapl H H
FEIR K AH B AR F- AR 4 5 3 T = (P<0.05). Dex4d
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The arrow points to the damaged neuron.
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Fig.2 Ultrastructure of hippocampal neurons of mice in each group
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Fig.3 Apoptosis of hippocampal neurons of mice in each group
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Table 2 Apoptosis rate of hippocampal neurons of mice in each group
45 T %
Group Neuronal apoptosis rate /%
Sham group 2.10+0.57
Model group 34.25+1.63*
Dex group 4.80+1.32°
Bru group 59.13£2.20%"

Dex+Bru group

32.84+1.75%%

*P<0.05, 5EFARALLEE; *P<0.05, SHAIH LLEE; “P<0.05, S5Dex 4L HLE

n=10, X*s.

*P<(.05 compared with the sham group; “P<0.05 compared with the model group; “P<0.05 compared with the Dex group. n=10, X*s.

3 FHENRMEBEROS, IL-1B. IL-851L-67kF
Table 3 The levels of ROS, TL-1B, IL-8 and IL-6 in the serum of mice in each group

éﬂjﬂp ROS /mmol-L"! IL-1B /ng- L IL-8 /ng- L IL-6 /ng-L"
Sham group 106.72+15.93 82.63+14.22 121.63+18.15 40.53+8.76
Model group 247.38+23.15* 293.12+22.38* 350.32+24.86* 269.32+13.54*
Dex group 114.63+17.91* 90.85+15.43" 133.80+20.15% 45.67+9.14"
Bru group 356.81+26.45% 416.51+£23.21%" 561.76+30.12%" 485.27+21.03%"
Dex+Bru group 234.90+20.59*% 281.64+21.65% 338.14+27.30%¢ 257.98+16.70*%

*P<0.05, 5 FARULLLE; *P<0.05, SHBLLLEL “P<0.05, S5Dex#1LLEL. n=10, Xs.
*P<(.05 compared with the sham group; “P<0.05 compared with the model group; “P<0.05 compared with the Dex group. n=10, Xts.

*4 BE/DRIKLALGSH-Px. SODSCATEM

Table 4 GSH-Px, SOD, and CAT activities

in brain tissues of mice in each group

Ié}ﬂri;lip GSH-Px (U/mg prot) SOD (U/mg prot) CAT (U/mg prot)
Sham group 20.63+1.81 15.47+1.20 12.02+0.83
Model group 11.02+0.92* 7.10+0.52%* 6.05+0.46*
Dex group 19.14+1.70% 14.53+1.31% 11.34+0.75"

Bru group 2.10+0.61%" 1.02+0.30%* 0.73+0.21 %"
Dex+Bru group 11.78+0.85%* 7.64+0.72% 6.52+0.39%¢

*P<0.05, H5EFARALEE; *P<0.05, SHAIH LLEE; “P<0.05, S5Dex 4L

n=10, X*s.

*P<(.05 compared with the sham group; “P<0.05 compared with the model group; “P<0.05 compared with the Dex group. n=10, X*s.
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EtDex2H [£{I%(P<0.05), Keap1 & [ 3R IA K-V #H Lt Dex
HIFE(P<0.05). WIE4F1IZS.
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Table 5 Relative expression of Nrf2/ARE pathway related proteins in brain tissues of mice in each group
fjip Keapl Nrf2 HO-1 NQO1
Sham group 0.47+0.04 0.78+0.06 0.85+0.08 0.94+0.09
Model group 0.89+0.06* 0.41+0.03* 0.45+0.06* 0.51+0.07*
Dex group 0.49+0.05" 0.76+0.07* 0.83+0.09" 0.92+0.08"
Bru group 1.29+0.08*" 0.08+0.02%" 0.10+0.03 % 0.1140.03%"
Dex+Bru group 0.87+0.07* 0.42+0.05* 0.46+0.07*¢ 0.53+0.06*

*P<0.05, ST ARALLES 7P<0.05, SR LLEL; “P<0.05, HDex L. n=10, X5,
*P<0.05 compared with the sham group; *P<0.05 compared with the model group; “P<0.05 compared with the Dex group. n=10, Xs.
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