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Abstract

e Ocular diseases pose a significant challenge to global
health. The field of metabolomics, which involves the
systematic identification and quantification of metabolites
within a biological system, has emerged as a promising
research approach for unraveling disease mechanisms
and discovering novel biomarkers. Through its
application,  metabolomics has yielded valuable
knowledge pertaining to the initiation and advancement of
various ocular diseases. This review presents an overview
of metabolomics and examines recent research progess in
four ocular diseases, specifically diabetic retinopathy,
age-related macular degeneration, glaucoma, and dry
eye, summarizing potential biomarkers and metabolic
pathways associated with these diseases. Additionally,
this review offers insights into the future prospects of
utilizing metabolomics for the management and treatment
of ocular diseases.

¢ KEYWORDS: metabolomics; ocular diseases; diabetic
retinopathy; related macular degeneration;
glaucoma

age -

Citation: Jiang JX, Liu JP, Ouyang JW, et al. Advances of
metabolomics in ocular diseases. Guoji Yanke Zazhi(Int Eye Sci) ,

2024,24(3) :420-426.

03l&

ARV e FE P RNA B 15 AR 34 =22 8] B AR
AR, WL R R AT LAAE 454 2 180 el AE A o AR ok s
SR M AR AL TR S T BOR AR (F1A), i
27 S — R T AR Y R A R W RS A2
BRI R AR (1A o ARG 22 S oph & R
FILR2E AR BT REAS o A AR A 7 19 e 30 TR0 A
o AR B AE 501 500Da (/N T, A5
Fr= s R, LR LR B IR R A LR 1R
T A AR AN 14305 P43 A A 0 ) R peg AR AL 2 L R
B R 2 2 B AR A T R RS R AT BE 2 AR Y, &=
BT ARSI R R AL B R e L TR
AU e sk S 5 A AR 2 R e A, R EE A F
B EAE R A ST A 25 R BB N AE B BE T B, R
T 2 3 Al A% B R IR (NMR) 3% A BT 3 (MS) 4
AR H DL A8 AR SR VR A G I VR I L I PR i
W SR RS IR R e Z R
PIp , T FR T 00— 5 7K B A ot — 490 P 5 s, AR 1 B G
A 7 4 B IR B RS I A /0N, R I S AR AR I 4 2 0 B
A BRES AT T b AR A GG A IR AR AL B
THAR ARG DB SRR RH S (K 1B) , Hi B3
R EH AR AL 2 — NEEF RS TG, 5
fif R 25 R AR T I A i s v AR Al At



Int Eye Sci, Vol.24, No.3 Mar. 2024 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email.1J0O.2000@ 163.com

AF 5 1~ D) I I 52 4 8 5 4 B AR G R IR A e . AR
2R 2 O ZE IR0 v A5 30 732 0, Luo ™ 5034 1 IR 3
B A 2H 22 ROREAS 2L 35 ik WE ST A AE bR S
ASCHEH A RS0 M S T A 2 2 TE B R o A0
JIEG 72 ( diabetic retinopathy, DR) | 4F & #H 5C P % BEA4F P
(age-related macular degeneration, ARMD) .7 YGHR A1+ HR
(dry eye syndrome, DES) H1 B8 LR | 45 T S il 5%
R T VTR A bR S A iR AR I X A 2H 2 AR TR
P Hh AR B & R RN I T AT T B
1 RIS %E DR bR HE

DR 2 PR 95 f5c & UL 14 B0 8 o & e 22— L A
DR AYFRFIE AL F5 S8l DK A0 8t o 68 1 32 1 0, A
Ry A 1 5 P PR 95 L I 9% 22 (non proliferative diabetic
retinapathy, NPDR) ; B3 DR DT L4851 B B 1E , FR K
9 5 P IR S AL I RSG5 ( prolifertive diabetic retinapathy,
PDR) , AR 09 i AT AT LA DR A AR 4 25 6L
4381 DR BYIZWT 43 BURI TS 1 AR B0 bR A, $R BSR4
BRI AR A .

ZUts R R ZEELTE DR AR 3 1 O
Fl. Barba %" % B PDR S MO 3L 58 0k b A b FLIR R
R TL 5, i 2 FLE BE A BL IR 1l B2 B AK . Haines 45"
S B PDR A5 1 3 8 A Hobl I8 At 1) S 00 7 0 U2, TR
JBERAR 7 W B, 5 A A B 19 22 A A TR, Chen
SR LM T 11 BRI S DR AHSC, Horb 2 A%
WE 3,4 TR | o R T | ) 2 TR R A W VR B T
R, T 22 ZEM VAR BT o 5 ) 2 Wl R TE AR B PR 1S4 6 DR
PP PR R A DR AR B M g A0 B, J& DR XURS: T
I S AERR S A

WS I A A T LB A s DR WS TE I A= WA &
Py, Xia %577 LB DR R B9 b 00 R (R
JULHE | DR RV I ) R = s g (B L W R e )
VREETF S . Chen S5 AR BE , MR IGE e At o g 1L G
FERYIE NS DR A5G, o M g atfr 27 i AR SRR A
Ff PR, SR ILH T BE S DR TR AR YRR S .

REACEAR O TE R B BEACIAE DR Y9 %% i g rh s
RAR T HEAE ], 5 A RE A S O R I A8 AR U K
Schwartzman 55" % 3 DR £ 3% 19 3% 35 14 v 46 A= DU R A3
A B 5-FE3E T R VUIR TR (5-HETE ) A BERS I, i bt 4
PERHE Bk = MR (EET) ¥ A%, 428 5-I8 &5 &
fit} (5-LOX) i@ #6251 DR W 4E R A sh Mk, itk
— &, Al - Shabrawey %' it i PDR H % %) 3% 55 /&

EEA |—

*.i

)
e

as e

NAN
%
4

5-HETE ,12-HETE F1 15-HETE F4 ¥ BERG AN, i 26 HETEs
5507 T B M AL R BRG AE (OIR ) /)N FRASE 7Y o 400 o 57
A IS BT R 56 . AR, Lin 251 %% 901 404 T ( LOX)
AN 4 2R P450 (CYP) i Ak 11 AL I BT (oxylipins ) 7E
PDR & B EE (kb & A4 W 748 {k ,5-HETE | 12-HETE
20-HETE .20 - ¥ JE 16 A4 DU 475 R (20— COOH - AA ) 7K F- Tt
B Zhao % HT ST L & B PDR HR A B B K
25 LOX 1 CYP i i 1) A AU IR 32 5 i de K, i — 2 )
BT PDR P AT AT 0, Wang 25" 4 #5387 0F 5 U
T o ) AR e AR L2 RO 45 S, & B8 PDR U AR I
HH R AR R ik B R (EPA) K BE KT
NPDR ], \T 454 DR %k v i bR 4

Bifi 5 AR A 5T A RS 2 A QI AN R R A P ik
4E DR 32 3 7 561, Paris 251 R B0 PDR H#10
I3 ok SR B AR AR ™ (N R | 5 R Il
PR ) We BE 3G N, 2L Ak St 78 OIR /)N BRABE A b 15 3] 56
ilE . Sumarriva %[20] 1 Peters 1{%[21] A F BT F 9%t & B DR
FEE 1A PORS 2R AN R KT, 5 s R o
iR A1 R /K FH R XS L, 17 Tomita 2522 W 43E PDR
FEE MBI R rPORS ZURR T U I LR 7K S LA B 5 LR +H ¢
{30 % T R, 7E /N B OIR RS v | 11 Al LR ] 1 5 A= il
I A, #2784 7S WLER 7T AE S DR B9 3R 97 DA K Tl B
HE,

IR AELAAC S R AE DR TP AL th 2 8 T &
BT, Rhee 25 R B DR B 103 vh 45 2 Bk i T
B B RARREAR, & K R e AT I3 B DR
TS AR B . Jin % LB DR B K R LR
BRI BRI ER A R /L, KA BEE R 2R, — W
e (DMA ) 34 i, Hov DMA J& A X Fr = W 6 2 2
(ADMA) (AR, 3 51 NOS fiff R I Ok A1 2 4201k 1
B, DR T DMA 9755 55 000 R 8ORN P9 2 T e e A AT G,
e M5 5 1) SR AR N BECIR S 2 2E T NADPH [ NADH
e = T NADH/NAD HLf), fiff TCA PG IR0/ o i 1%
G, B0 T R A& Wi A 243 2 B B A e B, 7F Ding %61 X
DR A L% A B 3 AR 4L 22 5 v A5 3 T R,
Wang 457 1 S 57 0 5% U it — A 42 10 T 95 7 e LR 1T
R E DR BE BE B IR (1 R

R4 C7E DR th BT M H , AT L4 5] DR
PG R B e A A A B A ), #278 DR
T 432U B AR AR R, X & B DR B A A
ABIRTT TR RS A X,

B EYEBRPNEFERIRRBRGEZOOER A ACHAUR LRI R BF SO S BRI N AR EAR A R U7 ; B IR AR A4 25

RIS SR ORI A AT A 0 A L 2 ARSI AR

421



EfRIRRIZRTE 2024 F38 F£24% F£3H
815 :029- 82245172 85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

2 Rigt A= ARMD IR

ARMD &% ik B K #AF N R B R H 2 —PY
ARMD [ EAL 5 S I 37 25 R0 I 6, 3R I 2 i E A7
R Ak, AT 23 R 2 i A A (R ) ARMD R4 R (k)
ARMD,, J7KJ& ARMD R4 2058 (1) = ZEREA i AR
WA AF AT AR AT fit ARMD (9 & 5% HLE, MIATF ARMD
SRR J5 I

RE I A DG AHOBE A 5 2 M ARMD 1) 3228 % i I
FRZ—"', Han 57 X ARMD 45 J55 7K 1 9 4 2 4 X
AT TR 1 A 2= E Y, R MR R A S A A TR T
i, SRR o~ 3 R IEAR SR AR S, E— 20
B 0 i A I 4 2 B R B B ARMD R B s 7K
HA 18 AR O VB R s R AR AR Y
B AR LR SR 4, #2787 ARMD G = ALy 4
Bl Lin 5555 ARMD 5 11 A Bt 28 2 10 L3 2647 AR5 2
FWFIE R, ARMD 55 iR M v A2 R 2R A i, 1% Jeb e
AKX,

MR R R B S5 T ARMD B9 &4, JUH =R R
ST B R BB N, Lams 7Y 43T ARMD £
RN B il R A Q2 2 e R o Bl 2 1) 2 R D R AE s
Bl , HUOe B AR FZ H IR . PIZH B A 87 R Ui
25 RZH Y (82.8%) 25 T H Bk
AR, SRe 1 RE B AR 25 ELAE ARMD & 9% AL ) o i) o 22
YERI™ 78 ARMD (9 50 bRty H-ihmi A 1 K 7
WA BEANFE, H IR rT 585 ARMD 44k 1
BRI A D R — R 3 R I R 2 A R AR
b — K, Chao de la Barca 287 Fll Mitchell 2577 & 31 ,
TE ARMD £ (14 1L A A v K i ot 6 P4 B8 T o, TIE S T
ARMD H [ B, 25 1R i 42 B B 28, 27 ARMD Hr 2ok 4 i
R AR & A A%, Deng % 1 JEHE ) £ Q T 20 2 7E 1
P ARMD SE I &I T 17 22 SR, o K%
Gy S5 ARA RIS EALAR T, Acar 51 5@ %] 2 267
i ARMD F8 35 Fl 4 266 {51 X5 FE ZH 1 375 4 A 7 R LA i 4
SEOMHT L BE T 60 Fli5 ARMD A SC g0 AR, Hodh
EEEO (‘high density lipoprotein, HDL) KEFE 3 1%
% % 8 2 M (very low density lipoprotein, VLDL) 7K
FEAIR

HERMA W XA 5 ARMD & & i AL 6 AH 5%,
Osborn Z¢ ffi FH AV 40 [ AR S 24 AR T ARMD 23 14 1L
e R R AR AT I e R T 2R /KT AR L i
FRKSF T8, #2878 ARMD g 2 IR AR R AR S, Luo
S AGE T ARMD FRE I 2 P R R AR 3L
i N-CBE-L-WEMR  L-B AR L-FE N AR L-EH
2 LK &M%, MLAh, Han 550 (OB ST4RIE T 78
ARMD 835 P53 7K v 4% %t i B IR L 4% &R T 15 Lains
SEDVHEIE T ARMD B UG IR 2 2 [ LK ARMD 45 By
By g Z i b ) 8 J RN A BEOKF 3E R AL,
$E7R8 T ARMD H il 2 358 Jo i) 1k 7 e i, Xof 400 190 B R AL
i P 2 OCH L A BN OB 5T & S ARMD 8 35 19 1L
WA AL F R AE 5 ARMD 3a Il PR 32F &% A1 2 BE o4 A2 A1
KIS Mendez S (W B 9T K B ARMD [ 35 13 b
SREMR SEBMR Sveso B ARG ) Z AR 5
FEBUE I TR] (RIT) I 07 26T mARAR O, & B A A

422

WO R AR T) B % 65 7T BB 7E ARMD F1 R J i £ i
TEM,

FHZH 2= 7E ARMD 3% 07 ] OE 78 PR i o A
2H2F S S 22 A S5 ARMD 2 30 19 2E Y br 2 40 +H
454, ATLAR AL ARMD 3 J ) F I ASE 70 4l 2 A~ Ak i) i
Bl SR FRE [0 367 7 v
IRPAFETHRPHHARER

FHICHR ( glaucoma) B AR B H LAY A AT 3R S T R
A, FOGIRAY FZEHUHZIR N (10P) T, S o0l 1 i
PREATUNMLAZ A, 51 AT A i . D T
H1E YGHR (primary open angle glaucoma, POAG) J&ffF 57 &
Iz W9 B e A PR AT AR B O IR (primary angle —
closure glaucoma, PACG) F1J5t & P 1 I M 75 DG HR (PEXG)
i = KA FRF 5T

AT B, HOCHR & 5 B A 0 2o A G
Agudo—Barriuso 25 fF 5% % B, HE PN R Aok 285 1 )i 1 K B
PR 345 )5 55 14d TCA FE 0w 8] 7= P02 |, i 5
BIEN AR R 1L BEEE LRSI SRR ) 4R
AR (PR IR (A2 FaR A |2 JbE 2R — 43 IDE H Ik — ai ik
Yy ) ) A AT CRAE A0 A - o - B IR L & 2
B AR 1S P38 I, Mayordomo — Febrer 257 % 4 5
375 W SR AN 1) 7 DG IR AR R RUEA T T 58 A 3, T E IR B Y
e SRR R o O O A (e I TR ) e 3 Al S
THI P R A a0 RS e TN R A T 10P
(T e SR — 2L S B AR ML Y Y ATP B2, Pan
ST POAG I P B £ 3 14 s KRR AR AT R L 1) £ Q5
AR, AT 18 B 2= AR, W KoK AL W T
BE P B W N TOE R0 | 2 B R N 22 e R e 5 FOh iR 0 AR
PrbR G WS 2- B AL LB IR d—JREE N I B S HTIR I
M2 EFUME CH 880 T AR B

WEAN R A G 28 AL AE 7 OGHR 15 3 A J 2 v o i
FNELEAEM, EIEN S8 RS B K B | 82
BRI 192 EL /K 7 38 i Buisset 481 7E POAG B3
F9 55 7K b i B 7 A i PO FIELGRE | 1 A I e i P L L1 e
FEBERR 0 T SRR AR AC T BRI TF A M R T ik Y
F4 . Mayordomo—Febrer e L9710 3 25 5 IR AR T K B 1)
K VLDL 8.3 [ F+, VLDL T MR - e i 420 1 2 36
AR R IV B ISR Y R AT D /0 240 Jif 6T /N 2 1)
SRR, Burgess %7 78 POAG H 2 4 I 2% rhAG )
FIRE R WE R AR AR 3 D A AR A R 2 R
AL A2 B T, JHC rh R R I A ) 384 A e bk 5 ks A iR
Wi AR I . Nusinoviei 45! BT S 45 T POAG
SR VR P R IR SR S, F 9 2 B L HDL3 - fiH [ i /K
TS POAG A AR A KRR i 3 AH OGS 1 JIEL 3] e
¥i2 ZEALAE POAG Kbl i A

KT R N R R B 7R 1 OGIR £t
WHFAE . Buisset %% 75 POAG 1Y s 7K o & B4R &
e HER NER Se @R e BIR RN ER LS
SRR B T RS e R e AR R K T T R . Leruez
SRR POAG AR ISR 10 A6 0 A1 2% BT I A ST KG g
KFRIREAR . 2R BRIR RS e A e 2 2 55 O 4 4L 1 e
2275 A 5 4 R SIS i 1) e A1 B0k R 5 H, £ 1)
A, S T OG IR b & AR WA 28 T 32 45 RN AR T



Int Eye Sci, Vol.24, No.3 Mar. 2024
Tel.029-82245172 85205906 Email.1J0O.2000@ 163.com

http .//ies.ijo.cn

Kouassi Nzoughet %5 7' 7£ POAG & (I3 &% BH 9 Fhifk
BESE I AR, R J R e N - 2 B -1 -5 & R AR
KRl B3, 515 IR KR Th ORI 45 i B 5 —
£, Javadiyan 455 % B 7 G HR 5 A9 ML o ADMA
FIXF R — B KRS &2 (SDMA) JHiH . ADMA 2 — %L A
A G, SDMA W) 5585 20 B2 58 4 F5 L, 0300 40F 9% 24
YR T —E AL B AR N EOLIR AR D
Tang %55 (U EGH AT ST 8 4F T POAG H B /K ML FR A
FRIHH S AE , Bk B3R AMP 2— HI LSRR 3" — M ik
L 4 A0 2% g N - 2L Bk 2K 79 & BR (N-lac—phe) J&
POAG FVELE Wby, lLAh POAG HOARIBHERE I8 45 7]
NI AR B A AR A A

TE PACG HHEMBFSE , Rong 2577 7E PACG & 1)
ML REA T & BT KBl AR AR I R 1% %) (2 8 A1k - i)
TR AN =L RRFRIG I, Ho b y = RRRR7K P 5 IR s 2 TEAH
55 I ER ML A DU Jds R 0 /L, SR R A R A OG i AR
TR ABE A FIRE TR &5 PACG M0 EAC I =4,
Xt PACG T2 HAT VR LE A I PR X, #Bi st gt T
SR ok dl~f R 412 AR DL B2 2 %t
PEXG EWtr &Y o it i, H i ¢ F PEXG AR el Az
BB FE MR EE /0 | AT O 22 O 98 K 52 3% PEXG HIARIEHE
YIbrEd

g I WA AL SR S AL A AR S AL
JCRR B KA Y R T VR, BT X 45 R QIR 403 1 v
FEIRIT RS AL E AR . 5 2 R R IR A5 R
S HR e A A O T, T 4R BT Y A W bR RR T
P2,
4 Ri§14E 37 DES R HE

DES £ 80—~ H 25 ™ 5 A9/ 26 D A: ()81, 4K %
R O AL B T EA A R ALY DES J&—Fh
A TH ARG e IR = B R 2 IR 2 400405 o 22 2 bE S
G RN R FEIR R A AR S] DES A4C
FRiEYI, 0T A DES B2 Wi fa T 4R 458 1k 1%

H Al C A 250058 2 B I A 2 6L 2 DES /1) i 3
FEAF 22—, Lam 25" % BLTH VR Hh AR (7 B2 R 6 Fops 4 i
B 7K V-5 Y T8 A A L - B TE ARG ARG 40 7
B AT YRR o e 250 4 A S TR 55 DES & 2B B A G, 41
AN THTR R I B o ) B S T A R PEA DES BF8 AR, I ER
B R i I3 20 1) T B A R 4 22—, 7E DES Hp A /E I 2%
TR, Pieragostino AL S oy ,DES %1 B & W H W
FTRRE A-HEW -3, 17 - B F 17 — o= 52 22 B 7K P AR
X = A AR I E R T R RIS T RE D L R TH
T WA B8 A6 DES 2 B B3 7E 15 bR, Vehof 25
KB DES FR 7 04 0L i 3R K T B AR, o 7 A A )
R R HERR S DES PYFHOCHE ok . HES R 5= 8 DES (1995
HT R R B RO R s B gdt
BRI PAS T 6 I S I 38 25 1T LA 22 i DIES AH SE IR -3 e
AW, S FF T HESZRIRYT DES i1

Bris AR AN, DES B9 HAB SR IE B8 2] T2 1
5%, Galbis—Estrada 25 2087 T DES 3 1 52 5 1H
WA 22 AR ML, & BLIH B BE N - 2 B & S A
2R WUR ZIEIE T 8 HAE . 2 BERLSE RS 2R R &
P i ) 2R AR A T IR S A A /K P 358 A TR R E 114 A2
b, XA 2R A BT X 43 DES (84S [/ 37 R, 4 f

Xt A9 WL ) T ARG T 7 R, Lee 251
"H-NMRI S T R BT IR AR TR H ot 35 0 BR 18 P9 D P AR
Y, XFRRZLAN DES 20K B2 18] 1 1 2% AR 1 4 728 Ab A 3k
FNGE T4 3 R IR T R IN &R R O R EE 12 R
fig H &R BEIAR LR AR N A R R
iR FLER A L FRER WIAFAE B 22 5 . Chen %1 3l 1 8 1
A A AR 22 25 50 Wi E T 7 DES B H b
IR 190 FhEE (B 34 RS, B 5 5 R
FEIRARHIG  HilE R PR A ARGt ST
DES PR IERE . Chen 25 1 f 8 01 55 v | 3l it 66 o
IO A W L 5 B 4% ( MALDI-MSI) W58 1 K BUER
R0 DX 3 (ol g B PR 25 T 5 M6 IR S 245 S
7K AR , 276 38 1 4 AT R W AE R T IR A U e
DXk, MRS B AR A TN 2R | H 2R | 22 2R FN 7 24 TR
GRUHER AL T 02 BR T BAT B S REAE A A
w25 DES Wit B2, AR AL 2558 DES % ik B 1Y
BT,

zi b AR 24 4E DES R ¥ R T HEi XS DES
R EYHIUGR,  DES BIE T 3 4L T 87 v e 50
R 24 1E DES B9 A B R B ge 25 8], LITH R R
ReIAEAS (AR A 2= 5, AR R A B R LR, vT
TR I FEBF ST, & DES 1 H Al AR 2% 95 955 1R 345 41 2%
WEFE BT 5 W)
5 BEFRE

R A A IR B I BB B R 1,
TR T i 1E W BRI 2 2R 0 A5 LA B 45 o 5908 1) 22 ML
PO TR, BT, C AR O T X DU FR IR B s 1
WA EMRCRRE T AL FEX SR AN
R R AR R AR AT TR, ) K R AR}
TAEF P& B 4 2= 7 HR A 0 vh O I 5 15 S5 R 9 L
%, HELR Y & L AN A W hn B, TR R A A
BNBERHATERGEMEGR (R 1),

A, AR L2 0 732 0L FH 38 A7 E — SRR Ak 6K .
(1) RS HR A AR 4 240 5% 1) BRAR 2R B, (HREAS () R B
ARG, REMRTBH LA H HERAMETA, WxF
HEREAH F HBE B Z IR TR 0 /R RS BRI T 1l R
A AT RREAS B, (2) HR AR 95 B A AR R i) 5+
T, M A 5 DR 2 X A S 2 2 I 5 4 SR 1 it e R

SEMAAR I ; A 20 22 95 S 2 Fh e R SF & T b 34y

B T B 22 AR AL AR LR AR A B 435 SR Y — St Fn ]
Hotk . (3) FRtdl 2= o b = A K 8, m i = 5
BRI AR I A2 2 hE , DN L AT 28 A X 4 R i R 1)
SO, DA i R I S AR ) AR 2 SR B R APk

Foor RAFAR A A AE R FR R AT 5% h T ), T 22
ZHIREA K A RETT IR, LA AN T I, R A
LW EREG RN 38 R G A A B
5 FRMIER A2 sk 22 ME A R FE 2N 2R
R, T LA B A1 1945 8, DA IR X A 9 5 7 1)
PR

ARG 2H 2 A BRS04 A= b = P S 5 9 Y000
YRS W | T 7 5 W0 S AT R B S T AT T
] P 7 FH I, PR AR 2 S8 %) 1 4L 24 A 5% H T Ak +
AEXT R HA B Bt , (AT B B A oA oK IR R 9 T 55 MR Y7 1A
NTHE,

423



ERRRIZAE 2024 F 38 F£24% F3H
B93E.029- 82245172 85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

F1 k3 aRTEFETNMIREERHHRRERTICE

] A e A

A6 ERERHY

PR 95 1R 14

B B

2021  Tomita %1%

2022 Zhao ZT ELETAUN

2022 Wang %> £ 3 1L N4

2022 &x(21] 1i3%

Peters

2022 Ding % Il 3¢

2022 Wang %" I3

AR FH R

,
SEBTAS 1%

2021  Mitchell 2517

2021  Deng % Il %

2021  Mendez Z5'*] 1fit 3%

2022 Lains Z5[%] 1%

IR 2021 Tang Ziel56] kK

2021  Tang %% M3

TR 2021 Lee 25067 (R M2k

2021 Lee Z5[67] (KR Rt

2022 Chen %[

(KB e 251 B7 K

UHPLC-MRM-MS/MS

AR FLRL AR HE R RE R Y
AR JRAEE R, HRHER N-2
Tk 22 AR BEHAMR .- TR

PUFAs . 19,20-EpDPE . 12-HETE PGF2a |
14,15-DiHETE fE4: PUMER . DHA
RO E W 2R Al AR &R
RHAR

R AR AR R ER 5
AR AR KRIRIR

Iam IR R A A R4 2R
BRI OHER

L-JRE R Ik R 1 - T R4 2 R |

UHPLC-MS/MS

UPLC-MS/MS

LC-MS/MS

P2

LC-MS/MS

LC-MS UHPLC-MS/MS JRBEABS . WL O 25 S EmR . — 8%

R AL AN R SR A AR R
SV PR T PRI B, 3 — T P 6K 8 I Tk A
lysoSM ,lysoPC | iHI Bt £ I i . N - Bt &
Bt 25— R4k R D2 R R
12-HEPE . 12-HETE .4-HDHA 9-HETE ,
14-HDHA ,15-0xoETE 2,4~ — 2 JL 4 H
FR\1,2,3- =0 1- L RIR =W
e N-%4b  L— o s Bt | 1 - 256 o W
W UDP- 4k

KRR AR AR HAR N-2
Bt Z LG N- Bt 2R

BRI R AN AR A =R N - 5k
FRIMR R AZHEBE N-FrR AR e 2 B
3RV R FLAE | 1 ZLME R | lysoPCs | PRTR
AHER FEAREIAR, B ZR,
L-3-K 3L PAF N6-BEHIMBEAR 1 . D-
IIBLBERE , 38 AMP 2 - FH JE 25 T R IR o5
RS HE IR AT

D-H & B AL B e UKL 2 5L T
FRER X 2 FE R H R 3-TH R N - LIk 5
RINER HEAE 2-F D R
2-FIETRER AR E: BRI LR
(W) ANARR R 2R H &
TR BRFIMRE: B MR N A A
R AR FLR LR

Hym e AR RN &R B &R 2%
1R AR

LC-MS/MS

UHPLC-MS

LC-MS

UPLC-MS/MS

UPLC-MS/MS

UPLC-MS/MS

"H-NMR

'"H-NMR

MALDI-MSI

Sk

[1] Rinschen MM, Ivanisevic J, Giera M, et al. Identification of
bioactive metabolites using activity metabolomics. Nat Rev Mol Cell Biol,
2019,20(6) :353-367.

[2] Babu M, Snyder M. Multi — omics profiling for health. Mol Cell
Proteom, 2023,22(6) :100561.

[ 3] Nazifova—Tasinova N, Radeva M, Galunska B, et al. Metabolomic
analysis in ophthalmology. Biomed Pap, 2020,164(3) :236-246.

[4] Johnson CH, Ivanisevic J, Siuzdak G. Metabolomics: beyond
biomarkers and towards mechanisms. Nat Rev Mol Cell Biol, 2016, 17
(7) :451-459.

[5] Wishart DS. Metabolomics for investigating physiological and

424

pathophysiological processes. Physiol Rev, 2019,99(4) .1819-1875.
[6] Alseekh S, Aharoni A, Brotman Y, et al. Mass spectrometry—based
metabolomics; a guide for annotation, quantification and best reporting
practices. Nat Methods, 2021,18(7) .747-756.

[7] Luo Y. Metabolomics and biomarkers in ocular matrix: beyond
ocular diseases. Int J Ophthalmol, 2020,13(6) :991-1003.

[8] 2019 Blindness and Vision Impairment Collaborators GBD, Vision
Loss Expert Group of the Global Burden of Disease Study. Causes of
blindness and vision impairment in 2020 and trends over 30 years, and
prevalence of avoidable blindness in relation to VISION 2020 ; the Right to
Sight: an analysis for the Global Burden of Disease Study. Lancet Glob
Health, 2021,9(2) :el44-¢160.



Int Eye Sci, Vol.24, No.3 Mar. 2024 http .//ies.ijo.cn
Tel.029-82245172 85205906 Email.1J0O.2000@ 163.com

[9] Barba I, Garcia — Ramirez M, Hernandez C, et al. Metabolic
fingerprints of proliferative diabetic retinopathy: An 'H-NMR- based
metabonomic approach using vitreous humor. Invest Ophthalmol Vis Sci,
2010,51(9) :4416-4421.

[10] Haines NR, Manoharan N, Olson JL, et al. Metabolomics analysis
of human vitreous in diabetic retinopathy and rhegmatogenous retinal
detachment. J Proteome Res, 2018 ,17(7) :2421-2427.

[11] Chen LY, Cheng CY, Choi H, et al. Plasma metabonomic profiling
of diabetic retinopathy. Diabetes, 2016,65(4) :1099-1108.

[12] Xia JF, Wang ZH, Liang QL, et al. Correlations of six related
pyrimidine metabolites and diabetic retinopathy in Chinese type 2 diabetic
patients. Clin Chim Acta, 2011,412(11-12) :940-945.

[13] Xia JF, Wang ZH, Zhang FF. Association between related purine
metabolites and diabetic retinopathy in type 2 diabetic patients. Int J
Endocrinol, 2014,2014:651050.

[14] Schwartzman ML, Iserovich P, Gotlinger K, et al. Profile of lipid
and protein autacoids in diabetic vitreous correlates with the progression
of diabetic retinopathy. Diabetes, 2010,59(7) :1780-1788.

[15] Al - Shabrawey M, Mussell R, Kahook K, et al. Increased
expression and activity of 12—-lipoxygenase in oxygen—induced ischemic
retinopathy and proliferative diabetic retinopathy; implications in retinal
neovascularization. Diabetes 2011;60:614-624.

[16] Lin AL, Roman RJ, Regan KA, et al. Eicosanoid profiles in the
vitreous humor of patients with proliferative diabetic retinopathy. Int J Mol
Sci, 2020,21(20) .7451.

[17] Zhao TT, Wang YB, Guo XJ, et al. Altered oxylipin levels in
human vitreous indicate imbalance in pro -/ anti — inflammatory
homeostasis in proliferative diabetic retinopathy. Exp Eye Res, 2022,
214:108799.

[18] Wang ZY, Tang JY, Jin EZ, et al. Metabolomic comparison
followed by cross—validation of enzyme—linked immunosorbent assay to
reveal potential biomarkers of diabetic retinopathy in Chinese with type 2
diabetes. Front Endocrinol, 2022,13.986303.

[19] Paris LP, Johnson CH, Aguilar E, et al. Global metabolomics
reveals metabolic dysregulation in ischemic retinopathy. Metabolomics,
2015,12(1) :15.

[20] Sumarriva K, Uppal K, Ma CY, et al. Arginine and carnitine
metabolites are altered in diabetic retinopathy. Invest Ophthalmol Vis
Sci, 2019,60(8) :3119.

[21] Peters KS, Rivera E, Warden C, et al. Plasma arginine and
citrulline are elevated in diabetic retinopathy. Am J Ophthalmol, 2022,
235.154-162.

[22] Tomita Y, Cagnone G, Fu ZJ, et al. Vitreous metabolomics
profiling of proliferative diabetic retinopathy. Diabetologia, 2021,64(1) :
70-82.

[23] Sun Y, Kong L., Zhang AH, et al. A hypothesis from metabolomics
analysis of diabetic retinopathy : arginine—creatine metabolic pathway may
be a new treatment strategy for diabetic retinopathy. Front Endocrinol,
2022,13.858012.

[24] Rhee SY, Jung ES, Park HM, et al. Plasma glutamine and
glutamic acid are potential biomarkers for predicting diabetic retinopathy.
Metabolomics, 2018,14(7) :89.

[25] Jin HY, Zhu BJ, Liu X, et al. Metabolic characterization of
diabetic retinopathy; an 'H—NMR - based metabolomic approach using
human aqueous humor. J Pharm Biomed Anal, 2019,174.414-421.
[26] Ding C, Wang N, Wang ZC, et al. Integrated analysis of
metabolomics and lipidomics in plasma of T2DM patients with diabetic
retinopathy. Pharmaceutics, 2022,14(12) :2751.

[27] Wang HY, Li S, Wang C, et al. Plasma and vitreous metabolomics
profiling of proliferative diabetic retinopathy. Invest Ophthalmol Vis Sci,
2022,63(2) :17.

[28] Apte RS. Age-related macular degeneration. N Engl J Med, 2021,
385(6) :539-547.

[29] Lin JB, Halawa OA, Husain D, et al. Dyslipidemia in age—related
macular degeneration. Eye, 2022,36(2) ;312-318.

[30] Han GG, Wei PH, He MQ, et al. Glucose metabolic
characterization of human aqueous humor in relation to wet age—related
macular degeneration. Invest Ophthalmol Vis Sci, 2020,61(3) :49.

[31] Han GG, Wei PH, He MQ, et al. Metabolomic profiling of the
aqueous humor in patients with wet age —related macular degeneration
using UHPLC-MS/MS. J Proteome Res, 2020,19(6) :2358-2366.
[32] Liu K, Fang JW, Jin J, et al. Serum metabolomics reveals
personalized metabolic patterns for macular neovascular disease patient
stratification. J Proteome Res, 2020,19(2) :699-707.

[33] Ren JB, Ren AL, Deng XZ, et al. Long—-chain polyunsaturated
fatty acids and their metabolites regulate inflammation in age — related
macular degeneration. J Inflamm Res, 2022,15.865-880.

[34] Lains I, Gantner M, Murinello S, et al. Metabolomics in the study
of retinal health and disease. Prog Retin Eye Res, 2019,69:57-79.
[35] Kang QZ, Yang CX. Oxidative stress and diabetic retinopathy :
molecular mechanisms, pathogenetic role and therapeutic implications.
Redox Biol, 2020,37:101799.

[36] Chao de la Barca JM, Rondet— Courbis B, Ferré M, et al. A
plasma metabolomic profiling of exudative age — related macular
degeneration showing carnosine and mitochondrial deficiencies. J Clin
Med, 2020,9(3) :631.

[37] Miichell SL, Ma CY, Scott WK, et al. Plasma metabolomics of
intermediate and neovascular age—related macular degeneration patients.
Cells, 2021,10(11) :3141.

[ 38] Mitchell SL, Uppal K, Williamson SM, et al. The carnitine shuttle
pathway is altered in patients with neovascular age — related macular
degeneration. Invest Ophthalmol Vis Sci, 2018,59(12) :4978-4985.
[39] Deng YH, Shuai P, Wang HX, et al. Untargeted metabolomics for
uncovering plasma biological markers of wet age — related macular
degeneration. Aging, 2021,13(10) :13968-14000.

[40] Acar IE, Lores — Motta L, Colijn JM, et al. Integrating
Metabolomics, Genomics, and Disease Pathways in Age — Related
Macular Degeneration: The EYE — RISK Consortium. Ophthalmology,
2020, 127:1693-1709.

[41] Osborn MP, Park Y, Parks MB, et al. Metabolome — wide
association study of neovascular age—related macular degeneration. PLoS
One, 2013,8(8) :e72737.

[42] Luo D, Deng TT, Yuan W, et al. Plasma metabolomic study in
Chinese patients with wet age — related macular degeneration. BMC
Ophthalmol, 2017,17(1) :165.

[43] Lains I, Mendez K, Nigalye A, et al. Plasma metabolomic profiles
associated with three — year progression of age — related macular
degeneration. Metabolites, 2022,12(1) :32.

[44] Mendez KM, Kim J, Lains I, et al. Association of human plasma
metabolomics with delayed dark adaptation in age — related macular
degeneration. Metabolites, 2021,11(3) :183.

[45] May C, Reinehr S. The pathology behind glaucoma; what we
already know using omics technologies. Neural Regen Res, 2023, 18
(12):2701-2702.

[46] Agudo — Barriuso M, Lahoz A, Nadal — Nicolas FM, et al.
Metabolomic changes in the rat retina after optic nerve crush. Invest
Ophthalmol Vis Sci, 2013,54(6) :4249.

[47] Mayordomo—Febrer A, Lopez—Murcia M, Morales—Tatay JM, et
al. Metabolomics of the aqueous humor in the rat glaucoma model induced
by a series of intracamerular sodium hyaluronate injection. Exp Eye Res,
2015,131:84-92.

425



ERRRIZAE 2024 F 38 F£24% F3H
B93E.029- 82245172 85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

[48] Pan CW, Ke C, Chen Q, et al. Differential metabolic markers
associated with primary open — angle glaucoma and cataract in human
aqueous humor. BMC Ophthalmol, 2020,20.183.

[49] Buisset A, Gohier P, Leruez S, et al. Metabolomic profiling of
aqueous humor in glaucoma points to taurine and spermine deficiency:
findings from the eye — D study. J Proteome Res, 2019, 18 (3):
1307-1315.

[50] Burgess LG, Uppal K, Walker DI, et al. Metabolome — wide
association study of primary open angle glaucoma. Invest Ophthalmol Vis
Sei, 2015,56(8) :5020-5028.

[51] Nusinovici S, Li HT, Thakur S, et al. High—density lipoprotein 3
cholesterol and primary open—angle glaucoma. Ophthalmology, 2022 ,129
(3):285-294.

[52] Leruez S, Marill A, Bresson T, et al. A metabolomics profiling of
glaucoma points to mitochondrial ~dysfunction, senescence, and
polyamines deficiency. Invest Ophthalmol Vis Sei, 2018, 59 (11):
4355-4361.

[53] Kouassi Nzoughet J, Guehlouz K, Leruez S, et al. A data mining
metabolomics exploration of glaucoma. Metabolites, 2020,10(2) :49.
[54] Javadiyan S, Burdon KP, Whiting MJ, et al. Elevation of serum
asymmetrical and symmetrical dimethylarginine in patients with advanced
glaucoma. Invest Ophthalmol Vis Sci, 2012,53(4) :1923-1927.

[55] Garhsfer G, Schmetterer L. Nitric oxide: a drug target for
glaucoma revisited. Drug Discov Today, 2019,24(8) :1614-1620.

[56] Tang YZ, Pan YQ, Chen YH, et al. Metabolomic profiling of
aqueous humor and plasma in primary open angle glaucoma patients
points towards novel diagnostic and therapeutic strategy. Front
Pharmacol, 2021,12.:621146.

[57] Rong SZ, Li Y, Guan Y, et al. Long—chain unsaturated fatty acids
as possible important metabolites for primary angle — closure glaucoma
based on targeted metabolomic analysis. Biomed Chromatogr, 2017,
31(9).

(58] i, Z2=0F, AREHHK, 45, RPERIBLE S OCIR M A Win &9

426

WroE ot e, EPRIRR LA, 2023,23(7) :1134-1138.

[59] Akpek EK, Amescua G, Farid M, et al. Dry eye syndrome
preferred practice pattern ® . Ophthalmology, 2019,126( 1) ;:286-334.
[60] Yazdani M, Elgstgen KBP, Rootwelt H, et al. Tear metabolomics
in dry eye disease: a review. Int J Mol Sci, 2019,20(15) .3755.

[61] Lam SM, Tong L, Reux B, et al. Lipidomic analysis of human tear
fluid reveals structure —specific lipid alterations in dry eye syndrome 1.
J Lipid Res, 2014,55(2) :299-306.

[62] Pieragostino D, Agnifili L
profiling in dry eye disease by liquid chromatography tandem mass
spectrometry. Int J Mol Sci, 2017,18(7) :1349.

[63] Vehof J, Hysi PG, Hammond CJ. A metabolome—wide study of dry
eye disease reveals serum androgens as biomarkers. Ophthalmology,
2017,124(4) .505-511.

[64] Dietrich J, Garreis F, Paulsen F. Pathophysiology of meibomian
glands—an overview. Ocul Immunol Inflamm, 2021,29(4) :803-810.
[65] Wang LX, Deng YP. The applications of androgen in the treatment

Cicalini I, et al. Tear film steroid

bl

of dry eye disease: a systematic review of clinical studies. Endocr J,
2020,67(9) :893-902.

[66 ] Galbis — Estrada C, Martinez — Castillo S, Morales JM, et al.
Differential effects of dry eye disorders on metabolomic profile by 1H
nuclear magnetic resonance spectroscopy. Biomed Res Int, 2014,
2014:542549.

[67] Lee JD, Kim HY, Park JJ, et al. Metabolomics approach to
biomarkers of dry eye disease using 'H-NMR in rats. J Toxicol Environ
Health Part A, 2021,84(8) :313-330.

[68] Chen XL, Rao J, Zheng Z, et al. Integrated tear proteome and
metabolome reveal panels of inflammatory — related molecules via key
regulatory pathways in dry eye syndrome. J Proteome Res, 2019,18(5) :
2321-2330.

[69] Chen XN, Zhang CY, Tian L, et al.In situ metabolic profile and
spatial distribution of ocular tissues: new insights into dry eye disease.
Ocul Surf, 2022,24.51-63.



