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Effect of ethyl pyruvate on perioperative neurocognitive
disorders in aged mice

LI Ruilin, MIAO Xiaolei, WANG Hui, WEI Changwei, WU Anshi
(Department of Anesthesiology, Beijing Chaoyang Hospital, Capital Medical University, Beijing 100020, China)

Abstract Objective: To evaluate the effect of ethyl pyruvate (EP) on perioperative neurocognitive disorders (PND) in mice.
Methods: Fifty-four specific pathogen free (SPF) aged male C5S7BL/6 mice, 14-16 months old, 38-52 g in weight,
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were used in the study. Fifty-four mice were divided into 3 groups (n=18) using the random number table
method: a normal control group (C group), a partial hepatectomy group (S group) and an EP group. Partial
hepatectomy was performed under isoflurane anesthesia in the EP group with an intraperitoneal injection of
EP 100 mg/kg at the end of the operation, and an equal volume of balanced salt solution in the C and S groups.
All animals received trace fear conditioning (TFC) training 30 min prior to surgery. The freezing time of mice
was recorded by TFC test on the third days after surgery. The mice were then sacrificed and the hippocampus
organization was isolated for Western blot to detect the protein expression of high mobility group box-1
(HMGB1), receptor for advanced glycation end products (RAGE), activation of nuclear factor Son-xB p6S
(NF-xBp6S), glial fibrillary acidic protein (GFAP) and ionized calcium binding adapter molecule 1 (Ibal)
and for ELISA to detect interleukin-1B (IL-1p) contents. Results: Compared with the C group, the freezing
time in the TFC was significantly shortened (P<0.01) and the contents of IL-1p were increased at the third
day after surgery. The protein expressions of HMGB1, RAGE, NF-xBp65, GFAP, Ibal in the hippocampus
organization were upregulated at the third day after surgery in S group. Compared with the S group, the freezing
time in TFC was significantly prolonged at the third day after surgery in EP group (P<0.05). Compared with
the S group, the contents of IL-1p and the protein expressions of HMGB1, RAGE, NF-kBp6S, GFAP and Ibal
in the hippocampus organization were reduced at 3 days after surgery in EP group. Conclusion: EP showed

significant neuroprotection in PND, the mechanism of which might be related to improve neuroinflammation

by inhibiting HMGB1 secretion and HMGB1/RAGE-NF-kB signal pathway.
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Figure 1 The protein expressions of (A) HMGB1. (B) RAGE. (C)IL-1f. (D) NF-xBp65. (E) GFAP and (F) Ibal protein in the

hippocampus organization (n=18)

5CcHl s, *P<0.05, **P<0.01; SS4lH#E, P<0.05, “P<0.01.

Compared with the C group, *P<0.05, **P<0.01; compared with the S group, ‘P<0.05, “P<0.01.

3 itit

EP (& B AR 9P 1EH C 2 A 1F 2 201 50 A5 1Y
A BIUESE S TRCIE VT WG P 25 3 4 i 1 A it
PEICAZ i 22 3 Ty vk, A ad /)y BfiE R R R
Wt /0 KT B0 5 R R R R ol BB 5 B AR R R AR Y
FOJER Y, ARG BN SCUlLE, fE
ARJG3 d, S/ IE A2 A2 50 50 i B
) 4 e, R WA/ BT S OB PR ICAZ R, B8 4R
/N PNDAE R £ S . SSHAIARLL, fEAR)S3 d,
EPAL/N B IR 2% 11 R R0 14 592 36 4 L P 1) 1]
T, RWIEP A] LAR S T3 20 U1 BR AR i /s S it 2
WAL AL B A

WFgE IR . T AR B 51 Y 4
G RE 1P W 25 12 T 20 M 0 BTG, R R T Y
Ace B E R EEH . P a R4,
ZIN IS TR 240 i R R M I 40 i T R 8 A0 R O
A PBE, WMHMGB1HIS100, 7EA G 51 i 4
g MRSk, A B RN I, 5 Ak
KAAHE", HMGBUE R 4 B RAE W IR 5 N+,
HMGB 1T & 5 AR J5 /0 BUR N ATRE 1 R %
YIRS A FE 3 5P HMGB 1] L)L S 30N ) g
BEf, 45 THMGB LU ] LR 52 0 28 5 5 IF By
HINRE I RN, 45 FRAGEZ AR HEHL K] (FPS-
ZM1), Al ARG 3 dBAE/NR AT RE, Al
fit 23 7 RAGE/NF-«Bf5 S %, /0 4458 A 1



1026

I R S5 B8, 2022, 42(5) hittps://Icbl.csu.edu.cn

TL - 1B A 2 305 1 B4 36 T 0 58 SR 400 B P B8 70 AR AIF
FAERER: EARE3 A, /NRIELHHMGBI,
RAGEFINF-xBp6SKiLThiE, IL-1p& & ThE, &
HFERIFES T SHMGBLE I REB N, WS
RAGEZ KM EAEH, Wi NF-«xBf5 53 %, fEik
TIL-1BREIE BH., S, RG34, DR
GFAPFITbal £ (H #3k B, 2B F AR N BOTE &
TV G T 20 B R/ DN JBE SO 240 i, 2 8 R R

EP&—Fp i g tE 0 IR PERE R Y, vT LU
255 I PR S, Stk 22 Al R R A TR A L
KA VER, QB R DU B L R
gk IO 55T M I . B A5 PR AR AR A% U0, Pellegrini
sV g EPAE MHMGB I HIF, 3@ i 1
HMGB1/RAGEf5 i f, AT LLFEAR /D BRI 3
HMGB1K-, FEApflE s B i A K . i HEP
i 3 P NF -« BAK R 1 A 98 AR S B, BRARR
MR PRI HMGB 1 HINF-« B [ 35, IR
2 RAES . M — A BB I G - AR 4 T
100 RS M o v N R B EPRE R E N AT
(110 R (S 1 55 A Y Gt I DR A A et A
THRE, ARG REN: 5SFAR4MEL, EP
HIT 41/ U FPHMGB1 . RAGE . NE-kBp65 .
GFAP ., IbalZE A E A MIL-1p 5 B %ML, £WEP
AL LA SE 08 /0N RO IS S 68 5 240 e ) 3850 R
JiE SN, DN — T 1f 0T BB 3E S D HM GBI 3
ik, MGEINAITIRE s S5 — 5 v ARl AL HMGB1/
RAGE-NF-xBf5 Fil %, FEIRRAEN TR, M
T B35 S8 AT R D) RE B A

iR, EARJE3 d, EPUEE T BN
T DRl J 0, EEPND, Hir T ML Al B8 54
HIHMGB1) 3 i FIHMGB1/RAGE-NF-xBfi5 5 18
A, L, EPATRESE AT ALY £ IR Y PNDIY
29

SE 3k

1. Evered L, Silbert B, Knopman DS, et al. Recommendations for the
nomenclature of cognitive change associated with anaesthesia and
surgery-2018[J]. Can J Anaesth, 2018, 65(11): 1248-1257.

2. Skvarc DR, Berk M, Byrne LK, et al. Post-operative cognitive
dysfunction: an exploration of the inflammatory hypothesis and novel
therapies[ J]. Neurosci Biobehav Rev, 2018, 84: 116-133.

3. Hovens IB, Schoemaker RG, van der Zee EA, et al. Postoperative
cognitive dysfunction: Involvement of neuroinflammation and

neuronal functioning[ J]. Brain Behav Immun, 2014, 38: 202-210.

10.

11.

12.

13.

14.

15.

16.

17.

18.

PRI, X452 52, YESCHR, 2. 18 B CD200R 175/ L FE A Tl 284
IR R B[], HP AR IR~ 24, 2019, 39(10): 1081-1184.
MA Danxu, LIU Jinhu, SHEN Wenzhen, et al. Role of hippocampal
CD200R1 in perioperative neurocognitive disorders in mice[J].
Chinese Journal of Anesthesiology, 2019, 39(10): 1081-1184.

Saxena S, Maze M. Impact on the brain of the inflammatory response to
surgery[ J]. Presse Med, 2018, 47(4 Pt 2): e73-e81.

Pandolfi F, Altamura S, Frosali S, et al. Key role of DAMP in
inflammation, cancer, and tissue repair[ J]. Clin Ther, 2016, 38(5):
1017-1028.

Li RL, Zhang ZZ, Peng M, et al. Postoperative impairment of cognitive
function in old mice: a possible role for neuroinflammation mediated
by HMGB1, S100B, and RAGE[J]. ] Surg Res, 2013, 185(2): 815-824.
Relja B, Wagner N, Franz N, et al. Ethyl pyruvate reduces acute lung
damage following trauma and hemorrhagic shock via inhibition of NF-
kB and HMGBI1[ J]. Inmunobiology, 2018, 223(3): 310-318.

Yang R, Zhu S, Tonnessen TI. Ethyl pyruvate is a novel anti-
inflammatory agent to treat multiple inflammatory organ injuries[J]. J
Inflamm (Lond), 2016, 13: 37.

Kim N, Kong MS, Jo KI, et al. Increased tone-offset response in the
lateral nucleus of the amygdala underlies trace fear conditioning|[ J].
Neurobiol Learn Mem, 2015, 126: 7-17.

Gilmartin MR, Kwapis JL, Helmstetter FJ. Trace and contextual fear
conditioning are impaired following unilateral microinjection of
muscimol in the ventral hippocampus or amygdala, but not the medial
prefrontal cortex[ J]. Neurobiol Learn Mem, 2012, 97(4): 452-464.
Wan Y, Xu J, Ma D, et al. Postoperative impairment of cognitive
function in rats: a possible role for cytokine-mediated inflammation in
the hippocampus[ J]. Anesthesiology, 2007, 106(3): 436-443.

Feng X, Degos V, Koch LG, et al. Surgery results in exaggerated
and persistent cognitive decline in a rat model of the metabolic
syndrome[J]. Anesthesiology, 2013, 118(5): 1098-1105.

Lee HK, Park JY, Lee H, et al. Anti-inflammatory and neuroprotective
effects of DIPOPA (N,N-diisopropyl-2-oxopropanamide), an ethyl
pyruvate bioisoster, in the postischemic brain[J]. Neurotherapeutics,
2019, 16(2): 523-537.

Lin GX, Wang T, Chen MH, et al. Serum high-mobility group box
1 protein correlates with cognitive decline after gastrointestinal
surgery[ J]. Acta Anaesthesiol Scand, 2014, 58(6): 668-674.

Vacas S, Degos V, Tracey KJ, et al. High-mobility group box 1 protein
initiates postoperative cognitive decline by engaging bone marrow-
derived macrophages| J]. Anesthesiology, 2014, 120(S): 1160-1167.
Zhou H, Luo T, Wei C, et al. RAGE antagonism by FPS-ZM1
attenuates postoperative cognitive dysfunction through inhibition of
neuroinflammation in mice[ J]. Mol Med Rep, 2017, 16(4): 4187-4194.
Kao KK, Fink MP. The biochemical basis for the anti-inflammatory and



TNRHRR CIRTE %/ N T AR ZE AR i i ] 42k, &%

1027

cytoprotective actions of ethyl pyruvate and related compounds|[J].

Biochem Pharmacol, 2010, 80(2): 151-159.

pyruvate suppresses malignant phenotype of human mesothelioma[J].

Oncotarget, 2017, 8(14): 22649-22661.

19. Fang R, Zheng X, Zhang M. Ethyl pyruvate alleviates early brain injury 22.  Shi H, Wang HL, Pu HJ, et al. Ethyl pyruvate protects against blood-
following subarachnoid hemorrhage in rats[ J]. Acta Neurochir (Wien), brain barrier damage and improves long-term neurological outcomes
2016, 158(6): 1069-1076. in a rat model of traumatic brain injury[ J]. CNS Neurosci Ther, 2015,

20. Lee HK, Kim ID, Kim SW, et al. Anti-inflammatory and anti-excitoxic 21(4): 374-384.
effects of diethyl oxopropanamide, an ethyl pyruvate bioisoster, exert 23. Ozacmak HS, Ozacmak VH, Turan I. Ethyl pyruvate prevents from

robust neuroprotective effects in the postischemic brain[J]. Sci Rep, chronic cerebral hypoperfusion via preserving cognitive function and

2017, 7: 42891. decreasing oxidative stress, caspase 3 activation and IL-1p level[J].

21. Pellegrini L, Xue J, Larson D, et al. HMGBI targeting by ethyl Bratisl Lek Listy, 2018, 119(8): 469-475.

AR5 A gk, e, E0E, BEAE, R IR Z BRAE
/N U A 2 AR5 B AR R (). W PR S B,
2022, 42(5): 1022-1027. doi: 10.3978/j.issn.2095-6959.2022.05.002
Cite this article as: LI Ruilin, MIAO Xiaolei, WANG Hui, WEI
Changwei, WU Anshi. Effect of ethyl pyruvate on perioperative
neurocognitive disorders in aged mice[J]. Journal of Clinical
and Pathological Research, 2022, 42(5): 1022-1027. doi: 10.3978/
jissn.2095-6959.2022.05.002



