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ABSTRACT

Chemical exchange saturation transfer (CEST) imaging is an innovative tool in the field of MRI
molecular imaging, which uses the specific MR frequency of molecules (chemical shift) to indirectly
reflect metabolite concentration information by detecting water signals on the basis of intermolecular
chemical exchange. The CEST technique has been explored for early diagnosis and efficacy assessment
of central nervous system diseases.
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FERZ BT (chemical exchange saturation transfer, CEST)M{&TEM IR
B¢ f%&(magnetic resonance imaging, MRI)EFARIENHIEM TR T MRS
(magnetic resonance spetroscopy, MRS)X—LHBUREMNRE], MARF LB —
B AT LUBE M 2 FRVBE IR AR, XM ABER R R4S AME TiE
A, ERREENERERNRCHFEE RIFNEZETI R, AXEHT
CESTRGEHIRME RSB A BUR AR Ao

1 CESTHEZRE

CESTHEAZEFUEMNMRFT L2 ANAMNESE®E, BRKNEFHMAR
MR EERT M. AR E RF ORHEIN—NMaM bR, @i b3 ims
XMAFERAKRTIIRKESH TR, AEBIHIIRES, EEQNTTT
TR T DF5EBKAZENKEREY, CEST MRIT] LUfEABIEX MRl %%
(magnetization transfer asymmetry, MTrasm) REBLER. BFHRILSYHERE
MARNRT, B—WENEBR=ERDNNLNN, EEETESREMEINT
EEARIEL, CESTRAR—ROET 4 B ZIEE (AT I AR R B FAE% F B /KR F Rk
SRR, HNAATR R BEINTS BRI B RS B9 7% Bk 15 B) SR B B AT A R AL 3 534S
#, SIMCESTRAZSER M BIELETARS T, FaEEEM, CESTHA
RS TEE, A FANEIRAE, pHE. BEMBIHRES%, CESTHHHS
B BEMRHESFMRS, AMASHREWEETESENMRIE, ARNRESY
M, FEIHELHTHE, #—FRUSTFRNEE, BECESTEHIEY, CESTHHE
B RITERIBIA RN IEE SR, KimEAT R T AU EX—n @R H 7@ dkiE
S AR EMBORH 1T BRI,

2 ABRMECESTITELFIR &

PRI E B CESTRUGTE I BRI AT BRI R 8 T Tz iR, hikMEZ R
GRS RINAEER, LSRR BRI 75 8] LB B AR CESTR & (amid proton
transfer, APT)®, BEIECESTRE®. REMCESTRE", WEMILFEBEME
5, MERRT SHOMEENRNEY, AMXLREREREERSRNES,

FEER, NEMECESTH & B T MERR(-NH). EE#E(Glucose). &8
(Glutamate)FANER (Creatine)ERF, E—MHIREERAKRERHHELEETR
W —FNS %, REEENREISE,

2.1 APTR® APTRGZPHERMMGRA, WECEST—MMEGER, BTNSESR
HERATRENSHE, HERNARNEARSENZ LY,

2.1.1 BinfRzEh HIRKRA, RARES R M pHERE, BTAPTSNpHE
AT LU B ER D, HE AT AR &M —Fis i TAY, Szt EET
BTN EENSME R NNNAL, SARER EENER, RIS 2iE
AT LU B 8 5 2R 4E AR B9 I TR AN B & AR R LUBE e L AR IR SR AR, BN pR TS
DB 7 3 2B R AR RINR A", R, XG5 EEESH
BRI CEITEN R ERYE, RENSHBREEE X Y HnxX™ ", CESTAE
B PHIMA A& B R T ERMET PR X —XBXEH T aEMS ", ZhouZ AR
BT R B BAHE, RIATAPTRGEE RRII/GRIBNE S, 0FEREEET
X. ARSI R A S MRMZ L. IR, EERERTHEZETAPTH
EmZERNE . EEtE ST WP A BN B ENANE. BRAPTRE
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EXLENARERT L5, BREEH—SHFENESH
AR SR APT RS 14 J S PRS2 BE R Ao
2.1.2 BNE APTREMB AR TFISU. M NFAT R
i, fEE—HMHRMMENT L. BRRTHREDR, M
BTMHREME, APTEGNESSBEDHE, R2HS,
APTREAT UK . KRB, Zhous A ERART
APTRUETE3TMRITE R BB R R Al 1T, LERKRE, HE
FIEARPIEE NS R RAETR, SHESNAPTESHEE
BEFKPRSRIRER, MIERESIMAET, APTRES BEEAR
EEiEY, EFXETENE, APTREDR S HEFFREL
SIRMBERITME, ST MMEARS EtRERSEXS,
MKBh, BETMEIRSE. B, HIMIEEAST B TR RENR
T EIERY, APT RS0 AT LUSE 47 40 X 31 i R g 1 B 3 5 Rk
MR, DebnathZ ASTAPTREHIIRE S4B 3 — L FIHT
RENGB X B3 E 75 B0 75 5% 4 1 BB 4 O RS M B B L R PR R
FIFR R X S,
2.1.3 MARABTMER APTHRGRAREMS AR (Parkinson's
disease, PD), & LAMARRAMKIEHNHE TR OMNEER
MR | PDEETAK. ERMERIZE3.SppmIIAPTESEE
=1, MRAN" PDESBISKERERIZEEN, BE2HK
APTEES THRIEEMBEE, X5% BB ETHHMAREE X,
Bilt, APTE&EERIETEPDERLBRZENE N, EMRRRE
BEUF(Alzheimer's disease, AD)H, B MTrasym (3.5ppm){E
RAIUR HADEE S53HRA, MESADHKBETERRESR
IFIAREME, B EMTUMNADEENFSE, MREMA, APTR
& ATRE AADMIT I 9 TS KR B IE M B M AR E Y™
2.2 AEFCESTRYR (GIUCEST) AEMEARTRESSH
WEMMEZER, B5EHEFSHRGZRANINE, Rit5—
L2 2R Ko MARESARS 2B LES", 2
ENATRMA G RMEARNRERT T, SHRRBELRE
BEEANFRAXEASHBKEETL, BRONEREAS
BAkFEHEREY, HbABPASBITERNPIRBERS
RS R RS RS M KRR 2. 7T GlUCESTHERS
P54 — S RS RN R, ATAEIRE— A R R
ik, HaaetmmayarRaE™, CaiZ AP AMGIuCEST
BRI R T AR ERNEN, SEANSHETFMRSAL,
GIUCESTREAEEFHWZANME, MERSAEBRTH,
B B RE AH R B A B R E M D TR B S

V-EE TR (GABAEAMINSIPEESENER, 28TE
ENEIE R BER, v-RETBMNA SR AE A s R
FRXBIEA. GABACESTREGRIREEN—FERAMNIAR, BTN
BB P NGABAMAZ THER, B#f, GABACESTHIE
BARREF SRR D,
2.3 HIBRCESTR & (CrCEST) HMRAMsEEmEERE",
20124, CESTRAFEZT WSO WEHBEME, AIUKEE
TS DBE, MARSIBRBRNEBRESEM, CrCESTH
MEFEFEE M FRNBNE IR T —MRNAE. B
SHERBNEMEERSY, HRER CrCESTRATAF
R RN 75, BEMED R SNTF, CrCEST
BRAFARBREE. —TAREN, TNRBLFMEE
5, ESEmMXEIBESaEm®,

3 SMRMECESTX LB 7 AR &

BT ERRREMREEFALASI, BETIMRFNL
B LUBIE BRI S A E MR CESTXT EEFI M o CEST
SMNEMEXEEFIEEEME, (1) RBEMSTEEFI(diamagnetic CEST,
DiaCEST): HFEHUFEMPRARZEARIRHNKF, BFER(N-H)
. BREEZ(0-H)INBE, DiaCEST#I 'z A FERRBRE. AR
12" (2)IREE MRS L7 (paramagnetic CEST, ParaCEST): A
DHNEMERT LB FParaCEST, T EMWKRTEAM, Ak
PR FRERENMPME, TUEMMIZESCESTHME ™,
ParaCESTINAREIRKNA, FERNFESEEBFNEBESE
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Wl T, MERARNIELE, AILUREParaCESTHIREE M
MARAFKED, RAMIE R LS — AR Ho

3.1EE¥ECESTALE (GlucoCEST) MyEALME KAILEEEH
EEHLLEEE, GlucoCESTE2012EERF ., D-BEEIEANI
TEMECESTX EbF#1T A%, Chan KWE AIRED-EE¥ER LUE
REEERR, B ekt EHD-BE RN
UMb, mERA LS RAMHAREMEARER(MDA-MB-231
FMIMCF-7)ZBINZER. GlucoCESTHRIFH TR THASEE
R, XMEATRITNRRENTEY, HTRHESE
E¥ELS58 (dynamic glucose enhancement, DGE) &M AT 1T
%, FEMEREND-EERGS, SEMKALSEL, WEARN
GlucoCESTEE£HFIZM, 1o, WangZ A" EADGEME
FEESPETHITHER, £FRETRXFAMEARELITBHEEE
P EERFNEXY, NADGEMEERPET, AlBEftEENK

BEHY,

4 CESTEARNESERERE

CESTHRABMRIZ FAERIH—TEIF TR, B—HEE
NIFRANMEKRET R, SHEMMRISEH (NILEEXFMSKES
FANMELL, CESTRAMNE—MEFER SR RRE AN FE
ESHERNERA, ERIUARIBAEREBAE N KA L F 0
%, BRICESTREZEFIEMERGHERKAEHHFRARPFE
ZBINA. B2, CESTREINZSMRHIFANTM, X—KAK
HLHFERS7E, EGRTEDPRMITE T HREE T FH
BfFRB. CESTRERANFEH-—THAL, HHITERAN
F5 7 e AR 2 IR PRAYSE B o

2E3H

[1]Kim M,Gillen J,Landman B A,et al.Water saturation shift referencing
(WASSR) for chemical exchange saturation transfer (CEST) experiments[J].
Magn Reson Med, 2009, 61 (6): 1441-1450.

[2]Todd D J,Kay J.Gadolinium—Induced Fibrosis[J]. Annu Rev Med, 2016, 67: 273-291.

[3]1Debnath A,Hariharan H,Nanga R P R,et al.Glutamate-Weighted CEST Contrast
After Removal of Magnetization Transfer Effect in Human Brain and Rat
Brain with Tumor[J].Mol Imaging Biol, 2020,22(4):1087-1101.

[4]Kogan F,Hariharan H,Reddy R. Chemical Exchange Saturation Transfer
(CEST) Imaging:Description of Technique and Potential Clinical
Applications[J].Curr Radiol Rep,2013,1(2):102-114.

[51Zhou J,Hong X, Zhao X,et al.APT-weighted and NOE-weighted image contrasts
in glioma with different RF saturation powers based on magnetization
transfer ratio asymmetry analyses[J].Magn Reson Med, 2013, 70(2): 320-327.

[6]Sehgal A A,Li Y,Lal B,et al.CEST MRI of 3-O-methyl-D-glucose uptake and
accumulation in brain tumors[J].Magn Reson Med, 2019, 81 (3):1993-2000.

[7]1Davis K A,Nanga R P,Das S,et al. Glutamate imaging (GluCEST) lateralizes
epileptic foci in nonlesional temporal lobe epilepsy[J].Sci Transl
Med, 2015, 7(309): 309ral6l.

[81#h 5%, RiR%, WA A, . A TMRIM XM E R HH R #E J]. F ECTHMRIZ
&,2021,19(2): 7-11.

[91Zhou J,Payen J F,Wilson D A,et al.Using the amide proton signals of
intracellular proteins and peptides to detect pH effects in MRI[J].Nat
Med, 2003, 9 (8):1085-1090.

[10]Astrup J,Siesjo B K,Symon L.Thresholds in cerebral ischemia - the
ischemic penumbra[J]. Stroke, 1981, 12 (6): 723-725.

[11]1Demeestere J,Wouters A,Christensen S,et al.Review of Perfusion
Imaging in Acute Ischemic Stroke:From Time to Tissuel[J].
Stroke, 2020, 51 (3):1017-1024.

[12]Leigh R,Knutsson L,Zhou J,et al.Imaging the physiological evolution of
the ischemic penumbra in acute ischemic stroke[J].J Cereb Blood Flow
Metab, 2018, 38 (9): 1500-1516.

[13]Guadagno J V,Warburton B A,Jones P S,et al.The diffusion-weighted
lesion in acute stroke:heterogeneous patterns of flow/metabolism
uncoupling as assessed by quantitative positron emission tomography[J].
Cerebrovasc Dis, 2005, 19 (4): 239-246.

[14]Martins N,Aires A,Mendez B,et al.Ghost Infarct Core and Admission
Computed Tomography Perfusion: Redefining the Role of Neuroimaging in
Acute Ischemic Stroke[J]. Interv Neurol, 2018, 7(6):513-521.

[15]Harston G W,Tee Y K,Blockley N,et al.ldentifying the ischaemic penumbra
using pH-weighted magnetic resonance imaging[J].Brain, 2015, 138 (Pt 1): 36-42.

[16]Sun P Z,Zhou J,Sun W, et al.Detection of the ischemic penumbra using pH-
weighted MRI[J].J Cereb Blood Flow Metab, 2007, 27 (6): 1129-1136.

[17]Tee Y K,Harston G W,Blockley N,et al. Comparing different analysis
methods for quantifying the MRI amide proton transfer (APT) effect in
hyperacute stroke patients[J].NMR Biomed, 2014,27(9):1019-1029.

[18]Guo Y, Zhou T Y,Chan S T,et al.pH-sensitive MRI demarcates graded tissue
acidification during acute stroke-pH specificity enhancement with
magnetization transfer and relaxation-normalized amide proton transfer
(APT) MRI[J].Neuroimage, 2016, 141: 242-249.

(F#%188m)



HEICTRIMRIZRE 20234068 £521% £06HA S E 16440

ENBEETERE, #—FIRASBROSER, MGSHERP
E%ﬁ%ﬁuﬂﬁkEMBmﬂ% SERIPER, NSRS
MEENERG", SHARNAET. . BERSERNNMS
¥, LEZEWRMN, EREHERALUELTMAPK, ERK JNK
MTOREEE KIFH B, A B mwIREE AR
¢ﬁﬁ§§%¢mm,Lﬂ%%%ﬁ%%ﬁﬁﬁ%%M%ﬁ$%
BERARRE, NS —EEIHT—Hh, b5xaiREhm

B, &,
AT RN ES, BFEMKTATRES, DV,

253

[1]Fortenberry GZ,Beckman J,Schwartz A,et al.Magnitude and characteristics of
acute paraquat—and diquat-related illnesses in the US:1998-2013[J].Environ
Res, 2016, 146: 191-199.

[2]Gummin DD, Mowry JB, Spyker DA,et al.2018 Annual Report of the American
Association of Poison Control Centers’ National Poison Data System (NPDS): 36th
Annual Report[J].Clin Toxicol (Phila),2019,57(12):1220-1413.

(31X e, TR, FFAT, 6. 430 At o 0 B RO IR SR At o Bl AL L) P A

Y IES¥ 4K, 2019,28(10): 1287-1291.
z/i ML E, BAAE, % ARBERFELAD BN FEAEEREFRE BT
B, 2018, 11 (1) 49-51.
VWA, R, B8 BER P F o HE ). P
35(9):705-706.
(61 R b O ok 25 ) 7 55 T £ IR MBI B D 5 Y £ R0k
Y IES 4%, 2020,29(10): 1282-1289.

[7]Jeffrey M, Mohamed B,Daniel B.Absorption of paraquat and diquat from the
airways of the perfused rat lung[J].Toxicology, 1978, 9: 59-67.

[8]Magalhaes N,Carvalho F,Dinis-Oliveira RJ.Human and experimental toxicology of
diquat poisoning: Toxicokinetics, mechanisms of toxicity,clinical features,and
treatment [J]. Hum Bxp Toxicol, 2018, 37(11):1131-1160.

[9]Powell D,Pond SM,Allen TB,et al.Hemoperfusion

%o L ARLRE&E, 2017,

LR, p s

in a child who ingested

162, BAERTSEMBAG. BT HLMCT, RTpTHERST
FLAIRE = 5. BW6 ASWI,

HrhREARE S IFETERT S, B3—HE, KSR
L2RERAZERERZTHEES, THZERBETIBE
BEFM, XWAIREERENTABRGREEMT.
ENMBERFENZRELEY), RERFSERENIN
RERREN, HERPSERHENRHSAEERFEHENK
A, RURTHNEEXTEHRESUEN LI ZHBIORT. &
WO DTS R THNER, BE— EM?EﬁMXO

FERAE. B2~ B5 R 4TV, TN,
REWMTERFEETREMRES.

diquat and died from pontine infarction and hemorrhage([J].J Toxicol Clin
Toxicol, 1983, 20 (5): 405-420.

[10]Raymond Vanholder FC,Jacques De Reuck,Marleen Praet,et al.Diquat
Intoxication: Report of Two Cases and Review of the Literature
[J].1981,70:1267-1271.

[11]Xing J,Chu Z,Han D,et al.Lethal diquat poisoning manifesting as central
pontine myelinolysis and acute kidney injury:A case report and literature
review[J].J Int Med Res, Jul 2020;48(7): 1-6.

[12]Park A,Koh HC.NF-kB/mTOR-mediated autophagy can regulate diquat—induced
apoptosis[J].Arch Toxicol,2019,93(5):1239-1253.

[13]1Bbrahimi-Fakhari D,Wahlster L,Hoffmann GF,et al.Emerging role of autophagy in
pediatric neurodegenerative and neurometabolic diseases[J].Pediatr Res,Jan
2014,75(1-2):217-226.

[14]Ruiz-Sandoval JL,Chiquete E, Alvarez-Palazuelos LE,et al.Atypical forms of the
osmotic demyelination syndrome[J].Acta Neurol Belg,2013,113(1):19-23.

[15]1Kanthasamy A,Jin H, Anantharam V,et al.Emerging neurotoxic mechanisms in
environmental factors—induced neurodegeneration[J].Neurotoxicology, Aug

2012, 33(4):833-837.
(WFsEEA: 2020-04-25)
(KRXREE: PBRAS)

DWI X FLAIR, #&

OO OO0

(HEE£178%)

[19]Sun P Z. Fast correction of B(0) field inhomogeneity for pH-specific
magnetization transfer and relaxation normalized amide proton transfer
imaging of acute ischemic stroke without Z-spectrum[J].Magn Reson
Med, 2020, 83 (5): 1688-1697.

[20]Lin G,Zhuang C,Shen Z,et al.APT Weighted MRI as an Effective Imaging
Protocol to Predict Clinical Outcome After Acute Ischemic Stroke[J]. Front
Neurol, 2018, 9: 901.

[21]Yu L,Chen Y,Chen M,et al.Amide Proton Transfer MRI Signal as a Surrogate
Biomarker of Ischemic Stroke Recovery in Patients With Supportive
Treatment [J]. Front Neurol, 2019, 10: 104.

[22]Togao 0,Yoshiura T,Keupp J,et al. Amide proton transfer
diffuse gliomas:correlation with histopathological
Oncol, 2014, 16 (3) : 441-448.

[23]Zhou J,Lal B,Wilson D A,et al.Amide proton transfer (APT) contrast for
imaging of brain tumors[J].Magn Reson Med, 2003, 50(6):1120-1126.

[24]Jiang S,Eberhart C G,Lim M, et al.Identifying Recurrent Malignant Glioma after
Treatment Using Amide Proton Transfer-Weighted MR Imaging: A Validation Study
with Image-Guided Stereotactic Biopsy[J]. Clin Cancer Res, 2019, 25(2):552-561.

[25]Debnath A,Gupta R K,Singh A.Evaluating the Role of Amide Proton Transfer
(APT) -Weighted Contrast,Optimized for Normalization and Region of Interest
Selection, in Differentiation of Neoplastic and Infective Mass Lesions on 3T
MRI[J].Mol Imaging Biol, 2020, 22 (2): 384-396.

[26]Li C,Peng S,Wang R,et al.Chemical exchange saturation transfer MR imaging of
Parkinson’s disease at 3 Teslal[J].EBur Radiol, 2014,24(10):2631-2639.

[27]Li C,Chen M, Zhao X,et al.Chemical Exchange Saturation Transfer MRI Signal
Loss of the Substantia Nigra as an Imaging Biomarker to Evaluate the
Diagnosis and Severity of Parkinson’s Disease[J].Front Neurosci, 2017, 11: 489.

[28]Wang R,Li S Y,Chen M,et al.Amide proton transfer magnetic resonance imaging
of Alzheimer’s disease at 3.0 Tesla:a preliminary study[J]. Chin Med J
(Engl), 2015, 128 (5): 615-619.

[29]Kostic M, Zivkovic N,Stojanovic I.Multiple
excitotoxicity[J].Rev Neurosci, 2013,24 (1): 71-88.

[30]Revett T J,Baker G B, Jhamandas J,et al. Glutamate system,amyloid R peptides
and tau protein: functional interrelationships and relevance to Alzheimer
disease pathology[J]. J Psychiatry Neurosci, 2013, 38(1):6-23.

[31]Hasler G,Van Der Veen J W,Tumonis T,et al.Reduced prefrontal glutamate/
glutamine and gamma-aminobutyric acid levels in major depression
determined using proton magnetic resonance spectroscopy[J].Arch Gen

imaging of adult
grades [J]. Neuro

sclerosis and glutamate

188 -

Psychiatry, 2007, 64 (2): 193-200.

[32]1Howes 0,Mccutcheon R,Stone J.Glutamate and dopamine in schizophrenia:an
update for the 21st century[J].J Psychopharmacol, 2015, 29(2): 97-115.

[33JRoalf D R,Nanga R P R,Rupert P E,et al. Glutamate imaging (GluCEST) reveals
lower brain GIuCEST contrast in patients on the psychosis spectrum[J]. Mol
Psychiatry, 2017,22(9): 1298-1305.

[34]Cai K,Haris M,Singh A,et al.Magnetic resonance imaging of glutamate[J]. Nat
Med, 2012, 18 (2) : 302-306.

[35]1Shaffer J J,Jr.,Mani M,Schmitz S L,et al.Proton Exchange Magnetic Resonance
Imaging: Current and Future Applications in Psychiatric Research[J].Front
Psychiatry, 2020, 11: 532606.

[36]Joncquel-Chevalier Curt M,Voicu P M,Fontaine M,et al. Creatine biosynthesis
and transport in health and disease[J]. Biochimie, 2015, 119: 146-165.

[37]Haris M,Nath K,Cai K,et al.Imaging of glutamate neurotransmitter alterations
in Alzheimer’s disease[J].NMR Biomed, 2013, 26 (4): 386-391.

[38]Cai K,Tain R W,Zhou X J,et al. Creatine CEST MRI for Differentiating Gliomas with
Different Degrees of Aggressiveness[J].Mol Imaging Biol, 2017, 19 (2):225-232.

[39]Lee D H,Lee D W,Kwon J I,et al.In Vivo Mapping and Quantification of Creatine
Using Chemical Exchange Saturation Transfer Imaging in Rat Models of
Epileptic Seizure[J].Mol Imaging Biol,2019,21(2):232-239.

[40]Woods M,Woessner D E,Sherry A D.Paramagnetic lanthanide complexes as PARACEST
agents for medical imaging[J].Chem Soc Rev, 2006, 35(6): 500-511.

[41]Angelovski G,Chauvin T,Pohmann R,et al.Calcium-responsive paramagnetic CEST
agents[J].Bioorg Med Chem,2011,19(3):1097-1105.

[42]Jones K M,Pollard A C,Pagel M D.Clinical applications of chemical exchange
saturation transfer (CEST) MRI[J].J Magn Reson Imaging, 2018,47(1): 11-27.
[43]Van Zijl P C,Yadav N N.Chemical exchange saturation transfer (CEST):what is

in a name and what isn’t?[J].Magn Reson Med, 2011, 65 (4): 927-948.

[44]1Chan K W,Mcmahon M T,Kato Y,et al.Natural D-glucose as a biodegradable MRI
contrast agent for detecting cancer[J].Magn Reson Med, 2012, 68 (6): 1764-1773.

[45]Xu X, Chan K W,Knutsson L,et al.Dynamic glucose enhanced (DGE) MRI for
combined imaging of blood-brain barrier break down and increased blood
volume in brain cancer[J].Magn Reson Med, 2015, 74 (6): 1556-1563.

[46]Wang J,Weygand J,Hwang K P,et al.Magnetic Resonance Imaging of Glucose Uptake
and Metabolism in Patients with Head and Neck Cancer[J].Sci Rep, 2016, 6: 30618.

(Yefs B HEA: 2022-06-25)
(RS4mEE: FIBRES)



