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WAL R AR B, i RIEFARS S RAmIEA, B 2 M5 R S R FE RATE SR A A,
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Exploration of the mechanism of cognitive impairment induced by ketamine in mice based on metabolomics
LUO Tingting, YAO Xiaoxiao, ZHAN Xinyi, MA Yiru, GAO Ting, WEI Ying (School of Pharmacy, North
Sichuan Medical College, Sichuan Nanchong 637000, China)

ABSTRACT OBJECTIVE To explore the potential mechanism of ketamine-induced cognitive impairment in mice based on
metabolomics. METHODS Male C57BL/6 mice were randomly divided into control group and ketamine group (25 mg/kg), with
12 mice in each group. Each group of mice was intraperitoneally injected with normal saline or corresponding drugs, 4 times a day,
for 10 consecutive days. On the last 2 days of drug administration, the cognitive behavior was evaluated by Y maze and novel
object recognition test, and the histopathological changes in the prefrontal cortex (PFC) were observed. Ultra-high performance
liquid chromatography-tandem mass spectrometry technology was used to analyze the changes of metabolites in PFC, screen for
differential metabolites, and perform pathway enrichment analysis. RESULTS Compared with the control group, the morphology
of PFC neurons in the ketamine group of mice was inconsistent. There were cavities around the nucleus, and the number of deeply
stained cells increased. The mean optical density value of the Nissl staining positive area was significantly reduced, and the
alternation rate and discrimination index were significantly reduced (P<<0.05 or P<<0.01). In the PFC tissue samples of mice of the
two groups, there were a total of 114 differential metabolites, including 73 up-regulated and 41 down-regulated metabolites,
including glutamine, succinic acid, ketoglutarate, and choline, etc. The differential metabolites mentioned above were mainly
enriched in metabolism of alanine, aspartate and glutamate, metabolism of arginine and proline, y aminobutyric acid synapses,
pyrimidine metabolism, cholinergic synapses pathways, etc. CONCLUSIONS Ketamine can induce cognitive impairment in mice.
Its neurotoxicity is related to abnormal synaptic transmission and energy metabolism, and neuroimmune regulation disorders.

KEYWORDS ketamine; cognitive impairment; neurotoxicity; metabolomics; metabolic pathways
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AR 2 20 B A sC iR 4 I IBIR AR Hoh
e A R L LA D BR RROBES T HAT, A%
SO BERT P AL AR B . WF5E I, mrgst
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SPF 2 Itk C57BL/6 /N 24 1,5 JE % , A 5 20~
25 g, W | ML 2= B sh ol , s A= = vr nl ik oy
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£, HUU2.37 TR 45 41/ [ 5 RO ZH T, AT IXI DT H
PFC X, 7% FLA L3 5 U0 A, 43 91 28 HE e fie
[RYL )5, il FH S BB IR S A 2 2 2L B4 TP S 8 Ak
FEH IR 5% (BEAS PRC B b ik 3 A4 I IR o SR
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LIS BT GETT AT, A4 Student” s ¢ A5 55 AR
YKV A%k (fold change, FC) 73 M 45 B AR i G2 11 o3
Mt , VA M SE R 4343 M7 (principal component analysis, PCA )
A $5e /N — 3 % - A 51 43 BT (partial least squares-
discriminant analysis, PLS-DA) % Z T4 1153001, VA ek
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B4 A1 Rl FE S5 B OCE B A FE N 2R K4
SR A RACHE K 2 A 2 R 188, GABA BEZE
fie, mERE A, BB R 2 fih 4, rP 2 AL K GABA
REZS fi R 2 SE MR AR I I

GABA fig 2 fisl 7] 38 3 GABA 32 1A S (410 1l 12 A%
SR LERE P AX B2 RGeS KA TR S AP, %
IEH I RERI e RS 2O, WFFTHE T, GABA fiE 5 fit
AL T 00 5 5 S 2B TR R o S KA
I o e S5 Ao 2K B 1) & AR R R WA M, AR E
FELE T BN, 7E SR 0N BOAHT RS 1) 22 AR D)
WA/ Z MY S GABA REZ il 5% , AL 3E 45 & BERE |
BEFARR N AT . WEIEAR A BRI A
TR — FRIRIG IR ) B R, 2 5 0y s AR
T H s S B0 N RS AT BE -5 P RE B AR I 3L
A A, A S e 2 4 2 TR F GABA TR, FH AN
FET B o 20 M 9 45 S kR B IR AL 5 B, b3
AL R SR 5 RO TR A0 s 22 Ao, T
WL, A E B AL ] S B E R RE A GABA BEZE firt
PR kAR 3 AT e IR B0 SN B ) SR R 2 —

- 1440 - China Pharmacy 2025 Vol. 36 No. 12

ABFSAZ 1 22 5% W3 A 2 kR A % , 4
MR KA G TR E R , K5 2 B A 2 R
8o WHIE RN BIEMRAT Jy i 2216 o s ph 220 R A
AR M 22 5 fih %2 S, FETTRZ MR R I RE 5 [N, 22 3R
B RS RE A QI AN 2R 5 BAE , S5 ORI D RE R DI
K PRI, EAERR QI S AT RE L SR B O R B
A FEE A

AL RS T, W E A AL A W] 2 R IE
SEARLIR 5 A B ZEAL I o, A S 5 2 T e e
BRI Ao 9 e A A ™ — SO e S M 3 9
VERI ARSI AT T4 R R, SR o /N Bl 2 \PFC
i 3% v ity e A QAT B 52 e ™ A SCE IR S 2 R
—E, [, AR RE 58 fih A8 AL TR , AH OG22 S AR
FLAEERA CMEAEGR . — i PR ETFFE R B, S ot
ABUARIE 5 o7 HRHEL £ 9t B G2 A% B AR B FH LB
T FIEL TR T T P 75 1 P T R 5 i S80KS et 73
FEAT A R R AR ) T B LA, L R
LICIZ T RERH A4 1 2238 5T 2 T IR 7 I v 9 35
B FEREAL™ . Ben-Azu S5 R W], 2 P4 3R 3% Al i id
34 i RE R 222 1% 2o 300 e S 75 S 0 A R B
I AT D S TR SN R B 5 1 BE I -5 HELBRFE 5 fih ik 72
AKo

25 bk, SR RE S S/ BN IR, A O 22 5+
PRI A5 45 2 Mt e B AR IR % — 2 IR £ 156
B R WA A IR A, 2 B AR AR IR A I e % g
WEAQIIE B . GABA BE S fith . AH 8 AE 2 fish 25 A AH G 3d
%, DV R L e 2 B A5 R S A | RE A A S B A
ZARIETH T ZALA K
S ik
[1] DUNDEEJW,BOVILLJ,KNOX JW D,et al. Ketamine

as an induction agent in anaesthetics[J]. Lancet, 1970, 295
(7661):1370-1371.

[2] CHEN M, MA S, LIU H, et al. Brain region-specific ac-
tion of ketamine as a rapid antidepressant[J]. Science,
2024,385(6709) : eado7010.

[3] TANG Y B,LIUY F,ZHOU H Z, et al. Esketamine is
neuroprotective against traumatic brain injury through its
modulation of autophagy and oxidative stress via AMPK/
mTOR-dependent TFEB nuclear translocation[J]. Exp
Neurol, 2023, 366: 114436.

[4] FEDER A,COSTI S,RUTTER S B, et al. A randomized
controlled trial of repeated ketamine administration for

chronic posttraumatic stress disorder[J]. Am J Psychiatry,
2021,178(2):193-202.

thEZG 2025 4E55 36 4245 124



[5]

[6]

(10]

[11]

[12]

[13]

[14]

GARCIA-CERRO S, GOMEZ-GARRIDO A, GARCIA
G, et al. Exploratory analysis of microRNA alterations in
a neurodevelopmental mouse model for autism spectrum
disorder and schizophrenia[J]. Int J Mol Sci, 2024,25(5)
2786.

WAN J,MA L H,JIAO X H, et al. Impaired synaptic plas-
ticity and decreased excitability of hippocampal glutama-
tergic neurons mediated by BDNF downregulation con-
tribute to cognitive dysfunction in mice induced by re-
peated neonatal exposure to ketamine[J]. CNS Neurosci
Ther, 2024,30(2) : e14604.

LUOYY,YUY,ZHANG M L, et al. Chronic administra-
tion of ketamine induces cognitive deterioration by re-
straining synaptic signaling[J]. Mol Psychiatry, 2021, 26
(9):4702-4718.

RUPERT D D, SHEA S D. Parvalbumin-positive interneu-
rons regulate cortical sensory plasticity in adulthood and
development through shared mechanisms[J]. Front Neural
Circuits, 2022, 16:886629.

HISER J, KOENIGS M. The multifaceted role of the ven-
tromedial prefrontal cortex in emotion, decision making,
social cognition, and psychopathology[J]. Biol Psychiatry,
2018,83(8):638-647.

JEFE 1, TR S AL A AR R
WS AR D). s BE 2R 2%k, 2022, 38(3) : 400-407.
WEI Y, XIAO L, FAN W H, et al. Astrocyte activation,
but not microglia, is associated with the experimental
mouse model of schizophrenia induced by chronic ke-
tamine[J]. ] Mol Neurosci, 2022,72(9) :1902-1915.
AT L ARNE, E KA, 5 . BT 2 BT Sl
T CXSMERT 5/ BB AP 7 F (0] vh 125 57, 2025,
36(5):552-557.

BOULESTEIX A L, STRIMMER K. Partial least squares:
a versatile tool for the analysis of high-dimensional genomic
data[J]. Brief Bioinform,2007,8(1) :32-44.

WANG P P,JIANG L Z,HU J M, et al. The amino acid

TEZED; 202545 36 4 121

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

metabolism pathway of peripheral T lymphocytes and
ketamine-induced schizophrenia-like phenotype[J]. J Psy-
chiatry Neurosci, 2024,49(6) : E413-E426.
ZHANG X T, ZHAO J H, CHANG T, et al. Ketamine
exerts neurotoxic effects on the offspring of pregnant rats
via the Wnt/B-catenin pathway[J]. Environ Sci Pollut Res
Int,2020,27(1):305-314.
MENZIKOV S A,MOROZOV S G,KUBATIEV A A. In-
tricacies of GABA. receptor function: the critical role of
the Bs subunit in norm and pathology[J]. Int J Mol Sci,
2021,22(3):1457.
LING Z N,JIANG Y F,RU J N, et al. Amino acid metabo-
lism in health and disease[J]. Signal Transduct Target
Ther,2023,8(1):345.
ALBRECHT J, SIDORYK-WEGRZYNOWICZ M,
ZIELINSKA M, et al. Roles of glutamine in neurotrans-
mission [J]. Neuron Glia Biol,2010,6(4) : 263-276.
KANSAKAR U, TRIMARCO V,MONE P, et al. Choline
supplements: an update[J]. Front Endocrinol (Lausanne) ,
2023,14:1148166.
MCGOWAN 1J C, HILL C, MASTRODONATO A, et al.
Prophylactic ketamine alters nucleotide and neurotransmit-
ter metabolism in brain and plasma following stress[J].
Neuropsychopharmacology,2018,43(9):1813-1821.
CHATTERIJEE M, VERMA R, GANGULY S, et al. Neu-
rochemical and molecular characterization of ketamine-
induced experimental psychosis model in mice[J]. Neuro-
pharmacology,2012,63(6):1161-1171.
BEN-AZU B,OMOGBIYA I A, ADERIBIGBE A O, et al.
Doxycycline prevents and reverses schizophrenic-like
behaviors induced by ketamine in mice via modulation of
oxidative, nitrergic and cholinergic pathways[J]. Brain
Res Bull,2018,139:114-124.

(Wsckis H 497: 2025-01-22 & 101 H 111 : 2025-05-15)

(S 4RI AR )

China Pharmacy 2025 Vol. 36 No. 12 -+ 1441 -



