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ischemia reperfusion via mediating macrophage polarization
HE Xinhai, CHEN Xintong, YANG Ziheng, GU Li, ZHOU Li, QUAN Junxian, LU Kaizhi, GU Jianteng

Department of Anesthesiology, First Affiliated Hospital, Army Medical University ( Third Military Medical University) ,
Chongqing, 400038, China

[ Abstract | Objective To explore the effects of dexmedetomidine (Dex) on systemic inflammatory
response induced by renal ischemia reperfusion ( rIRI) and the possible mechanism. Methods Fifteen
C57BL/6] mice were randomly divided into 3 groups, that is, sham operation group (laparotomy without renal
pedicle occlusion) , rIRI group (bilateral renal pedicles was clamped for 60 min with a microvascular clamp) ,
and rIRI+Dex group (intraperitoneal injection of 25 pwg/ml Dex in 15 min prior to bilateral renal ischemia).
In 24 h after surgery or reperfusion, the blood samples were harvested and analyzed for counts of neutrophils,
monocytes and lymphocytes by blood analyzer and for the serum levels of inflammatory cytokines ( TNF-o,
IL-1B and IL-10) by ELISA. Western blotting was used to detect iNOS and Arg I in the harvested peritoneal
macrophages for the polarization. Results Compared with the mice in the sham group, the counts of
neutrophils, monocytes and lymphocytes were significantly elevated ( P<0.01), the serum levels of TNF-a
and IL-1B were increased (P<0.01), and the expression of M1 marker iNOS was enhanced while that of M2
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marker Arg 1 was decreased (P<0.01). Dex pretreatment resulted in no significant changes in the counts of

neutrophils, monocytes and lymphocytes (P>0.05) , reduced serum levels of TNF-a and TL-18 (P<0.01)

and increased level of IL-10 (P<0.01), and decreased expression of iNOS (P<0.01) as well as increase of

Arg 1 (P<0.05) when compared with the indicators in the rTRI group. Conclusion

Dex inhibits the

systemic inflammatory response induced by rIRI, which may be associated with modulation of macrophage

polarization.

[ Key words |

dexmedetomidine ; renal ischemia reperfusion; macrophages; polarization

Supported by the General Program of National Natural Science Foundation of China (81772050) and the Basic and Frontier Research Fund of Chongging ( cste
2018jcyjAX0577) . Corresponding author: GU Jianteng, E-mail: gjt1976@ 163. com

B B Il 9 3 i B2 P 5 (acute kidney
injury, AKID) il R UL S B AE , AKT 3 i 52 98 R 1
SN I B A2 sy A IR 2 G i il LS A2 4
BT REE AT BT AR AKI i F RGER
i S5 R AN RIS A G o SR IR it 4 977 Ak
B AKT [R5 AKL BT SR GERAME RO, 235 B Ah
oy B UIRE , BA S Im R (e

£ EFE K E ( dexmedetomidine , Dex ) & —28 =5 1%
Bt o2 "B F IR R FEZ /K (a2 adrenoceptor, a2 AR) 8
SR, HA R VB DU, R R T I PR RR
MHEE I EEHAAYT . EEME R AR —E
PLRAER I HL AT Bt R R F WU T . kAT
TSR 52 45 SRAIE 5, Dex X B S5t it P8 3 43 40 LB
PRAr A T, e Ah ik BB 84 H BT 5 B0 J i fili 45
$i° . ELELH L ( macrophage , M) 11 Sy — Fl £ Ty i
ANMBELR , AT S AL o 42 6 M1 AL S d 4 M2 BT
PR R S E (1) & A R R S A 52 v e # H EAE
FH o Dex BYHT AR P& 15 5 8 1 Bk 20 i A M 5%
BAHCTEA T AE WO W 505 LA 3h ¥y B e it P 1
JIRECR G A AE B Ay s BEASE Y, PR Dex Xf HL Wit
200 O A P 2 A8 )2 R

1 #B5H®

1.1 ##

1.1.1 3Z5sh4) VTS PHEE C57BL/6) /NER (20 ~
22 g) I ARG ZEZEBE RS sh Y bl . shP ek
Tl ZE A B R S S ) B LSSV T, AR
NI 58 55 56 2l 9 A8 BN A58 T R AR DG o

L2 FEEHRAME RS AR
4 B (inducible nitric oxide synthase,iNOS) —#i . L] 2£
UK 2R 1 (arginase 1, Arg 1) —3T 9 PR 4T,
il E — i B SE[E Abcam 24 W], S Bt il GAD-
PH —4711l 5 3E[E CST 23w, BERRER 2% vl (PBS) \k

JE 2% whi ( TBST) | 3R 4 — 98 £ H ( polyvinylidene fluor-
ide, PVDF) JI&f 3853 7 {k, 2% & 5 ( Enhanced Chemilumi-
nescent, ECL) i 4y 1 [ H 34 2 K], /N TNF-o
IL-1B3 \IL-10 ELISA ka7 &0 3 35 E Abcam /A ],
&4 1M 7 (fetal bovine serum, FBS) RPMI1640 35357%5:
W 5 22 [E HyClone 23\, JIF R $0W B VL9577 F A= fb B2
255\, HEMAVET 950FS 1M 3% 73 Hr A B 35 E Drew
Scientific /2] , GellDoc 2000 &I AR AW 3 3£ [E Bio-
Rad A ], Z Y)RERFHR A B 55 E Thermofisher 23 F] .
1.2 Fi&k
L2.1 srda5es SRR 12h, HH
Yok 15 R CSTBL/6] /N A 3 41 R FARUL A5 TF
JIE M TR 5 ke 0 B 3 L - U % 2 FA] 60 miin;
Dex AL PFRZH UM A5 JE AT 15 min, J8 13 5 Dex
25 pe/kgo SIS SIS HAA T 1 2 BRI AT Z A Y
g,
122 MEBERS e JHE RS
24 b J AT R L T] B ) 28 OB I bR A S AR
BEMbRA . FEHRENARA 2 T UKF S ,4 C 3 000xg
B0 15 min, BUMYE , -80 CLRAF#H
1.2.3 J@IEERRAERS ORI, /N EUE B
TESTVK PBS 5 mL, B2 AR, Wt I 0, 300 g 50
5 min, 3 F3, S 15% FBS 1) RPMI1640 5555 3t
THUE 2 3 J5 , HeRh T4 s SR L h , AN BE A F 2 h
I PS5 0 50 D 4 L 5 2
i, T 2B,
1.2.4 iy Mk, SRR 200 e, I EE8 200 R %) A D
PSR IF BT EE IR A ] HEMAVET 950FS 24 ifil
WA ERILAT AT, A e P 20 L, A A L A
A E R f
1.2.5 Western blot y4a 1M /)N FRIE s B 05 44 ity 35 74U

P I T 1] 5 G 18 AN ] 592 36 2 8 W 4 2 1
(B EL/IN BT I E e Ay — AR A ) T B



http : //aammt. tmmu. edu. cn

=R KR4, 2020,42(6)

613

)%, SDS-PAGE B¢l ik 5 ¥ B EH 2 0.2 pm
PVDF J§, 5% Mifs Wik =ttt 2 h, in A G i iNOS
— PP Arg T —$H(1:2 000) ; Fe4t B B-actin
PR (1:2500) ,4 Cid i, TBST 5% 3 3, JILAAHRE
ThLER TREIAEGREE 2 h, TBST FRRIEGE 3
J& AN ECL WA S , & TR AR A B, IF ]
Image J APFHAT K BEEINE . DA H B FE B 5545 K B2
{H 5 N2 GADPH Z&afy JK FE B 1 Lo S vy B i 2 R 3R
PRV G
1.2.6 ELISA 3 /)N BUfi 3 TNF-o IL-18 , IL-10
AP i BERRGR) E U B A PRAEAG N 2% Ak 32 AH B R
PER U . FHEEFRACAE 450 nm 1R 5 HoOb %
& D(450) 38 2o b v dh 26 31550 0 v H AR R 2R M R
AR
1.3 “%itFo94

K H SPSS 24. 0 GEi R AF 50T, B LA x+s 301,
(A FE AR TR 3R 07 26 00, K g K 1 : o= 0. 05,

1.5 1 61
m a a m
1.0 1 4
= 5
= =
g g
= =
EE 0.5 4 EE 24
0- 04
1 2 3 A 1
215

AP mi; Bk amie; C. 4/ B m b

2
51

s

A

2 £R

B P e e A I B AL
SEFARLAALL, B S0 E T4 S Dex Fil kb2
0 rP PR A B 20 T L 9 T A S E Y R R
(P<0.01,[&8 1) 5% Sl FFE 41 AH He , Dex b 3
ZH AT S R AN B | BRI bk S A B H (P>
0.05,K 1),

2.2 BAXERTEAA

ST AR L, B R P 3 2 Bl 3 e e
RHF TNF-o  IL-18 @ 214011 (P<0. 01, & 2A . B) ;
Dex FiiAb 35 &2 F I TNF-o( P<0. 05, [8] 2A) 5 IL-1p
JKF-(P<0.01, & 2B) , [A] B &b 48 BBl 1L-10 7KF
(P<0.01,[& 2C)
2.3 RLE M T AL

S BRFAR LA, B s i FEE 4L INOS Kk
2 |- FH(P<0.01,[& 3A) , [Ali Arg 1 53 244K ( P<0. 01,
3B) ; Dex Fiikb3IZH i 295/ iINOS [y 5£35 (P<0. 05,
K 3A) [l 2 2 Arg 1 #9434 (P<0. 05,8 3B) .

2.1

1.0 4
0.8 1
0.6 1

0.4 1

AT 4K H

0.2 1

0_

B 1 2

ikl

3

L AEF Rem;2, Bhedn FiEiE 20,3 . Dex AL a.P<0.01, 5B F KA rkix

1 rIRI/pR MR KB BREREB BTN (n=5, xs)
801 124 401
a a
b
601 9 ac 301 £
E = 3
) Eﬁ \SE
£ 404 E 67 £ 20
3 @ S
2 : E
20 S 3 10+
0- 0- 0- .
1 2 3 A 1 2 3 . 1 2 ;3 G
215 205 205

A: TNF «;B:IL-1B;C:IL-10
0.01,5 Bk do B iz 200038

& 2

1B F R48;2: B e B 7240 ;3 : Dex T4k 2220

a:P<0.01, 5/ F R41b3 ;b P<0.05; c: P<

rIRUNRMEREEFEH  (n=5, xx5)



614

=R KA, 2020,42(6)

http : //aammt. tmmu. edu. cn

1 27 3 1.5 =
o [0 . 171
} Z 10-
GADPH > |M—— |37 10’ g
&)
7
=]
Lz Z 054
Argl— [ H_— - P —40x10°
GADPHHl-- “37x10° 0-

1.0

0.6

0.4

Argl/GAPDH

0.2+

0-

i > 3 G 1 2 3 D
ZH 5 25

A Wstern blot #-| E # 4m . M1 # 4% & 4% iNOS; B: Wstern blot 4| B »& 28 it M2 49 4% &4 Arg 1;CiNOS & & ¥ & % 5 #7;

D:Arg | X FEFHHM (n=5, T+s)
0.05, 5 5 & do A iE L3R

LR F A2 B ok B /22053 dex FAL A a: P<0. 01, 548 F K44 b P<

B 3 rIRI/NNGRASEE BN ZE A iR T4

3 itig

1 AR 98 ke o, P90 5 T B AKTL 6 TR, £ B 5 AKTD
30% ~40% KA T HIAM™ . RASBEMHEAR 56577
VRAE T E R4 LA /D (H 5 AKT AR 96 /9 &0 %6
FIPET R ICHA Wl o AKT % Bl B AN i L
T 45 2 25 B B3 BV A543 0 S RE B 1, Iy O PE T 6
JEEATRERFERE" . HATHFSIESS, AKL TR
GEME SN I N Ak AN B I £ . F g
2 HAT S — T 22 D) B G g3 2 MO BE A, 28R [ SR PRl 2%
WEALIE AT AL g ML RIS M2 0, M1 B 54300 TL-18
TNFo IL-12, 532 ik — A AL A A Tl (INOS) 4, 4 4
DRETE P s M2 B0 #5430 TL-10 IL-1ra, 325K 2R
Mg (Arg) 45, RH A SALUEE hREFE T . B
PR35 bR 25 X S 107 PO 3l A 50 18, 40 L
QUREIIEE SRS EE T EERASMER Y. |
I, SRS G 814 5 20 P A A, i/ ML 2 70
TG0 M2 295 AT A ) AKT I ECR 45 4 1 i
T S B S B AR G — TR T SRS

FRATRI SR 8 UE 52, I PR JBR e A0 ICU vh 3 19
Dex A 38418 40 1 48 4 S IO 711 2% 8 B A 470 % il 3% 47 1
F BT 5 B B DAL A+ i 0 Il
FORIFSE T NI 5 2 Y 10 075 bR 25 % MEL R 7t 46
R B0 R T, R TR AT , 5 e A A o
PIARDG T ASHIF I A G W A7 B e 0 L R
2 A%/ AR IR E A4k, & B Dex -7 g i 2%
B Gt L PR U b 3 2 K L T R O, (EL R
1 1 W 2 L R A 2 2R 784, ML B i 49 INOS 36
AU/ TR B 3 4R 46 PR TNF-o L1 7K SE-RE IS, T
M2 B4 Argl FEKIE N, i 4 BT IL-10 K FH 8
Dex $T 48 1M1 KAF 19 5 B AR 37 300 , A 1R BUTE B 28 R 58

T e 2 2 R QIAO 220 {3l My S2 i 52,
Dex A 5 25 4100 il Jfe 35 E K B 48 I 1o 17 ol 38 L A A7
#; PANDHARIPANDE 25" (i it i Fili L3t 36 0F 5% %
B, W R A Dex BELER , AH U T FH 57 0 P4 48
i, FOAT 2 AR 0 05 I 28 d FEToHR . S5 A ART
FELE AN, Dex 15 2 R BILIR B0 R i J2 30 1 i 0 46
SR, R ] RE 5 H I T I 200 AR P % 3 B B o) ML
TGN M2 251 RH 56 .

3 W 24 ARG A e 48 2 B PN AR 22 43 A R i
S 5IRENGR, BRI X 05 5 5 1s
JNK Notch \ TGF-B ,JAK/STAT ,TLR/NF-«B AR E K
% ,miRNA B 5 7 % 5% J5 (B0 IR 1, 26 00 35 1% 11 M
e TR N AR 2 ) OO G o E RN = R
JHAR P R A i DI AL A AN TS 2, HoR WL B o2AR {7
S A R P R AR SRS . IR AE A S
FEH] PI3K-Akt 3 70 5 o I8 152 118 /)N I o 40 i/ 5 Wk 24
JAR PERE SRR R R A T, BARPLR AR 3
ATmi AR & B, o2 AR J5 A )5 00 i Y PISK/ Akt
%, HE Ak B IR Ak RS B R S S N NS
b Bz 2 B A5 R R D BN 5 S A i
ROMLAE Y R AL PR = o 1A, RIS S AE 520 1L T ik
ML P92 40 o2 AR AT E— 25 P40 26 4 BRI ( FAK)
T 44 37 200 - 28 T 285 0 4 G ] 3 2 1) 56 38 M
AKI FIrsifi kil . FAK J& PI3K/ Akt i % 149 175
ST AT R B R o2 AR S
dex T8 45 F WG 240 M A 1 % A, #E I «2AR/FAK/PI3K-
Akt JE VR AE (16 1] SN 42 1) 5 e 00 A e
T, A RRRA R IRIE

ZF b ANBI S IE S B e BEPE a2AR B85 Dex 1]
PR I 20 A 1 B e, /AR R M Y i B e 4%
M2 FY el B A R i T T B R G R N, AE—



http : //aammt. tmmu. edu. cn

=R KR4, 2020,42(6)

615

SEFRE b e Dex M HTR ML i PR B A 31 0z
Dex, BETTFEAR AKL K fir BUE b B 51 0 & 2k 24 MH
RE— P RE

S 30k

(1]

[2]

[3]

L6]

[9]

YAP S C, LEE H T. Acute kidney injury and extrarenal
organ dysfunction; new concepts and experimental evidence
[J]. Anesthesiology, 2012, 116(5): 1139-11438. DOI;
10. 1097/ ALN. 0b013e31824{951b.

LIB, LI'Y L, TIAN S S, et al. Anti-inflammatory effects of
perioperative dexmedetomidine administered as an adjunct to
general anesthesia; A meta-analysis[ J]. Sci Rep, 2015, 5.
12342. DOI. 10. 1038/srep12342.

JIF H, LIZ M, YOUNG N, et al. Perioperative dexmedeto-
midine improves mortality in patients undergoing coronary ar-
tery bypass surgery[ J]. J Cardiothorac Vasc Anesth, 2014,
28(2): 267-273. DOI: 10. 1053/j. jvca. 2013. 06. 022.
XIA Z Q, CHEN S Q, YAO X, et al. Clinical benefits of
dexmedetomidine versus propofol in adult intensive care unit
patients: a meta-analysis of randomized clinical trials[ J]. J
Surg Res, 2013, 185(2) . 833-843. DOI. 10. 1016/]. jss.
2013. 06. 062.

GU J T, SUN P, ZHAO H L, et al. Dexmedetomidine pro-
vides renoprotection against ischemia-reperfusion injury in
mice[ J]. Crit Care, 2011, 15(3): R153. DOI; 10. 1186/
cc10283.

LIJJ, CHEN Q, HE X H, et al. Dexmedetomidine attenu-
ates lung apoptosis induced by renal ischemia-reperfusion
injury through a2 AR/PI3K/ Akt pathway[ J]. J Transl Med,
2018, 16(1) . 78. DOI. 10. 1186/512967-018-1455-1.
SHAPOURI-MOGHADDAM A, MOHAMMADIAN S, VAZI-
NI H, et al. Macrophage plasticity, polarization, and func-
tion in health and disease[J]. J Cell Physiol, 2018, 233
(9): 6425-6440. DOI. 10. 1002/ jcp. 26429.

PARK J T. Postoperative acute kidney injury[ J]. Korean J
Anesthesiol, 2017, 70(3) : 258. DOI:10. 4097/kjae. 2017.
70. 3. 258.

VA/NIH ACUTE RENAL FAILURE TRIAL NETWORK,
PALEVSKY P M, ZHANG J H, et al. Intensity of renal
support in critically ill patients with acute kidney injury[ J].
N Engl J Med, 2008, 359(1): 7-20. DOI: 10. 1056/ NEJ-
Mo0a0802639.

[10] JOHNSTON L K, RIMS C R, GILL S E, et al. Pulmonary

macrophage subpopulations in the induction and resolution of
acute lung injury[ J]. Am J Respir Cell Mol Biol, 2012, 47
(4): 417-426. DOI. 10. 1165/rcmb. 2012-00900C.

[11] KRENKEL O, TACKE F. Liver macrophages in tissue

homeostasis and disease[ J|. Nat Rev Immunol, 2017, 17

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(5): 306-321. DOI. 10.1038/nri.2017. 11.

YIN J, VALIN K L, DIXON M L, et al. The role of micro-
glia and macrophages in CNS homeostasis, autoimmunity,
and cancer[ J]. J Immunol Res, 2017, 2017 5150678.
DOI; 10. 1155/2017/5150678.

MA J B, CHEN Q, LI J J, et al. Dexmedetomidine-media-
ted prevention of renal ischemia-reperfusion injury depends
in part on cholinergic anti-inflammatory mechanisms [ J].
Anesth Analg, 2018. DOI. 10. 1213/ANE. 00000000000
03820.

INOUE T, ABE C, KOHRO T, et al. Non-canonical cholin-
ergic anti-inflammatory pathway-mediated activation of peri-
toneal macrophages induces Hesl and blocks ischemia/
reperfusion injury in the kidney[J]. Kidney Int, 2019, 95
(3):563-576. DOI. 10. 1016/j. kint. 2018. 09. 020.
QIAO H, SANDERS R D, MA D Q, et al.
improves early outcome in severely septic Sprague Dawley
rats[ J]. Crit Care, 2009, 13(4). R136. DOI. 10. 1186/
cc8012.

PANDHARIPANDE P P, SANDERS R D, GIRARD T D,

et al. Effect of dexmedetomidine versus lorazepam on out-

Sedation

come in patients with sepsis: an a priori-designed analysis of
the MENDS randomized controlled trial [ J ].
2010, 14(2): R38. DOI: 10. 1186/cc8916.

MALYSHEV I, MALYSHEV Y. Current concept and update

Crit Care,

of the macrophage plasticity concept: intracellular mecha-
nisms of reprogramming and M3 macrophage “Switch” phe-
notype[ J]. Biomed Res Int, 2015, 2015. 341308. DOI.
10. 1155/2015/341308.

MURRAY P J. Macrophage polarization [ J].
Physiol, 2017, 79. 541 -566. DOI. 10. 1146/annurev-
physiol- 022516-034339.

GRIMALDI A, D’ ALESSANDRO G, GOLIA M T, et al.
KCa3. 1 inhibition switches the phenotype of glioma-infilira-
ting microglia/macrophages[ J]. Cell Death Dis, 2016, 7.
€2174. DOI; 10. 1038/ cddis. 2016. 73.

CHEN Q, YI B, MA J B, et al. A2-adrenoreceptor modula-

Annu Rev

ted FAK pathway induced by dexmedetomidine attenuates
pulmonary microvascular hyper-permeability following kidney
injury[ J ]. Oncotarget, 2016, 7 (35): 55990 - 56001.
DOI: 10. 18632/ oncotarget. 10809.
FUQF, LIUY, FANY, et al. Alpha-enolase promotes cell
glycolysis, growth, migration, and invasion in non-small cell
lung cancer through FAK-mediated PI3K/AKT pathway|[ J].
J Hematol Oncol, 2015, 8: 22. DOI. 10. 1186/s13045-
015- 0117-5.

(Yr75:2019-11-13; &8 .2020-01-10)

(%4 I )



