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A 5 1 VG T ) e B R A A X R . O PR TRE 1) — MBI PR L R M R AR, iy FH 3
TN T AR €335 R I DU AR AT ST TR0 S5 335 1) 2 1T L 2B AR T Il B A 7 e o o k. R
F Mann-Whitney U K50 tWASPRALIN R AR AR A2 7. R AU 8 plE s E 5
7 R IR, HMEIRE] 491 MK EE . SXTRAMIL, PEAA 76 MERFIXEN, A
354 BRI 41 AT IHE M. GO /i irkl, 2RRAEA TR SEFLEEANGEE. 2K H
D K 375 BH TR R 45 4 R SRR A6 300 16 M5 06 5 KEGG T8 K B 22 20T 2 B 55 4 MACHINEE I 0086 2 v,
PR AN A BIFE R A R I/ NG fR A 5. BE4h, REXEEH (adiponectin, ADIPOQ ) Ay AN
AEP R FE T, AR T IRIE S THRAHE (P<0.01). &g SRR R E N
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[ Abstract ] Objective To investigate the expression characteristics of plasma proteins in
patients with acute diquat poisoning by proteomic technology, and to screen the targets and biomarkers
related to the diagnosis, treatment and prognosis of acute diquat poisoning. Methods This study was a
retrospective case-control study. Patients with diquat poisoning admitted to Nanjing University Affiliated
Drum Tower Hospital from August 2022 to December 2023 were enrolled. Healthy volunteers matched
for age and gender during the same period were selected as the control group. The general clinical data
and plasma samples were collected, and qualitative and quantitative analyses of plasma proteins were
performed by proteomic technology based on nanoliter liquid chromatography tandem quadrupole time-
of-flight mass spectrometry. Mann-Whitney U test was used to compare differences of plasma protein
expression between the two groups. Results A total of 8 diquat poisoning patients and 7 healthy

individuals were included in this study, and 491 plasma proteins were identified. Compared with control
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group, 76 differentially expressed proteins were obtained from the poisoned group, including 35 up-

regulated proteins and 41 down-regulated proteins. GO analysis showed that the differentially expressed

proteins were mainly associated with oxygen transporter activity, receptor binding, and hyaluronic acid-

binding endopeptidase inhibitor activity. KEGG pathway enrichment analysis revealed that differentially

expressed proteins were associated with complement and coagulation cascades, neutrophil extracellular

trap formation, and platelet activation. In addition, the expression of adiponectin (ADIPOQ) was not only

increased in poisoned patients, but also significantly higher in non-survivors than in survivors (P<0.01).

Conclusions Multiple plasma proteins with abnormal expression may be involved in the pathological

process of acute diquat poisoning. ADIPOQ may have potential application value in the diagnosis,

treatment, and prognosis of acute diquat poisoning.

[ Keywords ] Diquat; Nanoliter liquid chromatography tandem quadrupole time-of-flight mass

spectrometry; Proteomics; Prognosis; Biomarker
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B (diquat, DQ ) & —Ff Rl HERMR ARk
PEPERRIEBESBR AT, 2 A A =1 s
[, DQ H Rk R RESAF A H WITIX, FEAEHGER
BOERR L 60%" . HiE [ HAGIASE, DQ Y]
PR T, P DQ HEE ARl R ER . 5
FEAREEA BT AR, DQ M2 R H M, AT
HEA B 1 B Mk s, X it i ™. DQ ik
NEWJEE SO AE , B U AR 2R
AR RARERE 5 WA 72 AR AR DU, P2

HERENE, I R BN WUST 20T, PEBEIIR .
FIR . DIRETCIR, WA R TC, #2580

HE B HTE 24 h Wik 20T 2, R4 T
Zranw P BT R, DQ BEMERTRE S RIEIR
AN /%jkwﬂjﬁiffmﬂiﬁ‘ﬁi, R BB R 50 4 )
B, HImRRAG I kA 5 me, AThA A IR AL
firdgzyy Y, LT DQ B L HE g, %%U\
itk IR A A SE DQ MRS A BEPEALE
RV AE B 435 SO0 2 R I R RIA AT F LA I Tu
Hr fﬁ

TRy A B SRR ﬁﬁﬁlfc%ﬁilﬁ
M U\&QHEIH@EP FEE H TR R . BRI
HEATTEAEN DL, jﬂ?"”fﬁﬁkiﬂ’]?\]fﬂ%ﬂ 125
Wir ol 135 A= s 2 A R AR 6T R A R A Y T
HERIE B P Chen 45 1 i FH AL T BTG (liquid
chromatography-mass spectrometry, LC-MS ) ] 5 H
HAFFRMSE T DQ X I Kz 4 it i N A 1 3k
KAYFENA . Zhang %5 VBRI AR, Hrdl %L
AP AR FER T DQ Hag /M S ERR/)
RAVENENTES 25 BT, MICSCRRE 27k
DQ g A AR A LK R BT A gE . ST,

AT 1 TN TR i A R DU AT R AT s ]
Ji 1% ( nano- hquld chromatography tandem quadrupole
time-of flight mass spectrometry, nanoLC-QTOF-MS )
AARAE T 3 S BOR, 1248 DQ rhaE R S
FEAREZ A I A2 5, WU
{878 DQ TEME FTBERI N AE S T-HLI, I A TF A LT
FITRE AR A Db SR (R ) R g

1 ARSH®

1.1 HRMZK

BT RN BB ST . WO R B R 2 B B
B S i B B 2022 48 8 1 & 2023 4F 12 A YUATH
TR PR P R Y B AC I PR BORI I AEAS . A
Frife = (1) M ECR R TP 225 24 h W ARG 5 (2) 1ML
TR B R AT A5 EN E , KT E R TR
0.4 pg/mL. HEERBRE: (1) &I HO NI B 5
() BIFHEE MR . B B PR B R
() BIHHALT T 5 (4) IWRTORIAERE . BB
[R5 7 {91 D P 0 5 M o1 P RN I A AAE A ok
M2, ARG (B/RERE T ) hESRN
PRBRIEIN , 28R 5 R B 2 B I S R e = 2 12
P B i, LS ¢ 2022-055-02.
1.2 BEARHE
1.2.1 HEEHM BC10 pL i3, WHE P ERBUN
# ( Thermo scientific, 32 [F ) 2255 M3 AEA 1)
HHMAEERE N P& B BCA 108 &
( BHpAET, hE) SETE PRI, B E R
(9T AR FH I DB 4 B R i il 45 (filter-aided sample
preparation, FASP )5k ™ 1R FIVATR & JEAE 56 CF,
JIA 200 puL 9 10 mM B A AERLAJR 1 h s SR )5
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B R AR TRAL #2230 kDa #9854 & 2.0 20
min, DA EBRZARR N LR EARS i o
HEZERBCRMAT, A 200 uL # 25 mmol/L
L2 BN O A 30 min, Pl Bk & R,
T2, BEOEATE, A 200 pL FREHR
VORI 5 B, B 10 pg BRE RS (HEH -5 B
IR 20 1) INAGEESE d, R 7E 37 C
TIEAE 12 he 14 000 g % 3 250 15 min W4 il fi
LK, -80 C N iEfT-

122 HPLC 438 RAEEAEA S I 20 ng Z ik
YeRA 5 il e pH S 3% (high
performance liquid chromatography, HPLC ) X} 300
ng ZIKIR G W7 0. ZIKEEYHTEshH A
(2% M, pH 10.0) Fike, I C18 4 ( Waters,
XBridge BEH C18 #, 130 A, 4.6 mm x 150 mm,
5um) Z3ES. 7E 60 min P, i i & ETE i shAE
B (98% £ Hif, pH 10.0) Ay ¥ E (5%~95% ), X
ZRRHA TR TR . B2, ¥ 60 MEE I N 12
By, BASWRAE TS 20 CIRAF .

1.3 HERHH

0,18 2 {4 : Eksigent ekspert ™ nanoL.C 415 44
FHBAH 3% (SCIEX, 5[ ). & H4E A ChromXP
C18-CL (5 um, 120 A, Eksigent, SCIEX ) ; /3#r
2k ChromXP C18 (3 wm, 120 A, 0.3 x 150 mm,
Eksigent, SCIEX ). JialifH : A #H, 0.1% H 2 /K
W (% 2% ) s BAHE, 0.1% R ONE (&
2% 7K )o WiE N 3 pL/min, FEAEMARFR . 2 pL. Wi
3 AH B : 0~50 min, 5%~35% B ; 50~51 min,
35%~80% B ; 51~54 min, 80% B ; 54~55 min,
80%~5% B ; 55~60 min, 5% B.

5 1% 4% 14« TripleTOF 5600 /& 4% B Fi 1% 1%
(SCIEX, [ ), 7F1F B 1A k47 ik 46
MS JB i Fe TG L 2 350~1 250 ; MS/MS i faf
FHGEME : 100~1 500 ; AT ¢ 30 psi 5 BT IR
1 15psi; BTS2 @ 20 psi; B FHI%
HETES) : 5500V 5 BRI : 100 V.

1.4 HiEAIE

J 3% B 9% Analyst TF 1.7.1 %k £ ( SCIEX,
F*E ) #E, I ProteinPilot ™#42: 5.0 ( SCIEX,
FE[H ) AR Uniprot 204 i 17K % . ProteinPilot
PRI B « AR I E 1 - 2R 5
fitgf = REE R PRI - AJE. e
FEAFARAYEZR (FDR) < 1%, &K LEE

HEEE AT AEZ IR e, B EAEDA
—RREZ AR, HE BTN A i T X R IE 22
JOR A &5

1.5 EMERENT

Y8 I A% 25 S AR B Yk PR AS {R (gene
ontology, GO ) 431 I 5t &R K& K A KL K 40 | #) 4
45 (Kyoto Encyclopedia of Genes and Genomes,
KEGG ) i [ & 4£ 73 # i F§ DAVID ( database for
annotation, visualization and integrated discovery )
s SE . Horh GO 3 dd & 22 5 A B i A=
Wy i & (biological process ). 4 My ZH 43 ( cellular
component ) Fl43rFIIHE ( molecular function ) 3 />
25,

1.6 SEitZA%

KT SPSS 26.0 RREKF it , IEZS A Y
TR I+ FifE2E (X +s) FORIMRAE,
FERFPSIAEA K30 U B A 22 50 JE RS0
A B TR GORME T ALK (U2 %80) [M(Q,,05)]
%78, f#i FH Mann Whitney U ¥ 5 L B 2H 2 7
P<0.05 WA ZERA G X

2 #£B

21 BEERER

AT 8 15l DQ ANEH R, fRHEE
FEFE 7 ), R AL S (e BT FRA AR L M 22
SEGT R L PR T 16~65 %,
Ph30 VI EARERT. 8 HIrhEE B, 6 HIh Tk
B, N 75%, WER 1 Ak, R4E DQ R E
M5 SR o3 ARG SAET -S4, P AL AR5
PES . ABERTIRZEHS | IRZGFIE . 3K DQ Wk
24 518 HEE R (acute physiology and
chronic health evaluation, APACHE ) ¥2 R C4tit
RN HARERERE, ST AT R E Sl
1114 (sequential organ failure assessment, SOFA )
WESTAEA, Wk 2,
22 BETFRE

ARRAEA S B2 E B E T (total ion
chromatogram, TIC ) W&l 1 fizs, 5 6—Z g
Bl (MS1), 2Lt “ il (MS2), FHapfi
5 i i AR A A I B ORI B TIC (&L, R A
BT, WE 2R,
2.3 BERPEMERL T

ZUETE, RRFEARE A IR 491 S K &R
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Table 1 Comparison of baseline characteristics between two
groups
t anic +=4

s ﬁfﬁ) t‘fé? U2t P
(%) ® 41.1+6.6 39.1+16.4 -0.206 0.766
i (B /%) 4/3 6/2 0.536 0.464
IRZ5HHE (h) 9(7,13)

JRAAAREL (mL) ® 50 (41, 125)

DQ ¥ (mg/L) * 1.8+1.6

APACHE #/3* 8.5+ 6.4

SOFA $f43* 52+4.4

. DQ NELHPR ;A xxs, " MO, O5)
K2 WP EEHEE AR L

Table 2 Comparison of baseline characteristics between two
subgroups of patients with poisoning

Fabr T4 (n=4) 1RG4 (n=4) o i P
S () 448 +8.5 33.5+21.7 -0.852  0.371
Ml (B ) 3/1 3/1 0.000  1.000
IRZGIH (h) 13 (8, 19) 8 (6, 10) 1.280  0.686
MRAMATR (mL)° 150 (79,213) 50 (39, 50) 1.246  0.200
DQ #E (mg/L)' 19=1.1 1.8+22 -0.111  0.926
APACHE 1743 * 122+43 48+62 -3.814  0.094
SOFA 43 * 8.5+3.1 20£28 23.156  0.021

TF . DQ ARLHR s A x+s, "N M(Q,0)

B @R TR
Fig 1 TIC of construction of protein library

2 DQPEHHE (A) FfEHEA (B) KMKE T TIC &
Fig2 TIC of plasma proteins in DQ poisoned patients (A) and healthy
controls (B)

Mo 22 57 28 38 8 A 0 8 b o oAy 0 T FRUASE 25028 b
(fold change, FC) >1.25 1 <0.8, H. P<0.05. 55X}
HRAHAHEL, DQ S ErhEdlf 76 2 FRIAEM,
A8 35 A BB 41 N TIEEN, KlELE
30 ZERFRBEAEG MR ERIBRE IR
EIULIE 4, ] 022 S5 R R 8 e A oK 22 55 10
=, e XAWAAR. 2ZREEHEAET 10 1)
MR E ARG B LR 3. Bbah, RIERETT A&
Hah )R, ¥ DQ 2R EE N 2 N, fEIE
H (n=4) MFET-4 (n=4), FET-HS5IEGLHALL,
HHI9ONMZEREA, 85 4P EREH, 5T
W (F4), LX), IS A (adiponectin,
ADIPOQ ) ANMYFE DQ Hj B F RN Rk, 7E
HEE LT R T R TR 2
24 ERMRELEESW

BE TS 35 A LB TR 41 4> T IR H 55

T GO F1 KEGG 43 #r, &5 fll&l 6 JE/n & 1E
M2 MFIE. GOFRSREREFEAEER
EAEARMI AN IAA | IR . BRSPS . A oh
23 A1 YHIZE 326 5 IMIREERT . Ak . 44k
#ﬁ%ﬁﬁ A A e A AR A e

s U 2R G A48, B
Hﬁ RASE . PIRRBEHI GRS . 22 2R N AR

3 PESEENLN 10 M EREH

Table 3 Top 10 differential proteins between poisoning group

and healthy group
e H i Er o
58K

FHER
P02671 FGA FHEAT o FE 69.23 0.0013
P02679 FGG HYHEAR v 5 58.11 0.0007
P02675 FGB RN B 50.31 0.0001
P02144 MB AT &l 7.62 0.0080
P06702 S100A9 11 $100-A9 823 0.0002
P05109 S100A8 B S100-A8 624 0.0029
P69905 HBAI MAEATHE o 506 0.0078
P02730 SLC4Al 3 s FHEEA 476 0.0107
P60709 ACTB MahEA 4.45 0.0010
P02042 HBD MATEAW N 406 0.0114

THER
QIUEY8 ADD3 Rabll ZIGMEAEMEA 3 043 0.0239
P04430 IGKVI-16  GEEREH « &k 1-16 049 0.0191
P02747 c1Qc MA Clq WA B I 0.48 0.0004
P18206 VCL HEEA 0.55 0.0142
AOAOC4DH29 IGHVI1-3 R R 13 0.57 0.0386
AO0A075B6I0  IGLVS-61 GEEREA N A 8-61 0.59 0.0104
Q14766 LTBPl ISTERAAKET B 456EA 1 0.60 0.0078
043866 CD5L CDs LR 0.62 0.0325
Q14520 HABP2 ﬁw}m«mnﬁuz 0.58 0.0015
P11277-2 SPTB MFEH B 0.64 0.0294
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R4 ETTHAATEMART 10 DEFEN
Table 4 Top 10 differential proteins between survivors and
non-survivors

P25t

i FHEH A e PH
8

TiAEA
P00748 F12 BRI X1T 1.81 0.0068
P04180 LCAT  BERRMEANGL S BEREELALRE/E  1.73 0.0235
Q15848  ADIPOQ R 1.70 0.0089
P04003  C4BPA C4b 55 HEH o 4 1.60 0.0343
P20851-2 C4BPB C4b 56N B &% 1.58 0.0171
P09871 C1s *MA& Cls F A 1.48 0.0223
P01024 C3 *MA €3 1.48 0.0280
Q08830  FGLI YRR 1 1.46 0.0452
P49747  COMP B S RIETEA 1.43 0.0438
P07225  PROSI kXK KBHEEA S 1.39 0.0262

TIHEH
P00738 HP fi k2R 1 0.28 0.0035
P31146 COROIA A 1A 0.43 0.0435
P17174 GOT1 KA TR 2 it 0.49 0.0304
P12259 F5 BEIMLH TV 0.65 0.0361
P67936 TPM4 JRLEREE 1 o -4 i 0.74 0.0491

B3 2ERRIBEARKINE
Fig 3 Volcano plot of the differentially expressed proteins

FHRE SR T I REZE . KEGG 3 Hr &30 L6
VR R AR AMASIEE L I S A R
240 O M S MR BT B A 28

3 i

S8 DQ IEE RN 1 FoRl s, B0 SO
SFYON, H T ERZARROR TN, B IR IR
THERAHE", HAE, AXDQ 2k EmHf
FEMAL TRIRR T BE, HAE PR BARPLI LA K Ik R R
RAEIEEE> . IFH, BT DQ 2R EERTIR R
FEABEARAS , AHSCAITFE 322 ik PR [T Sl 7
Hrasss T ahkor- iU " R
B, PR MUUURHE . 4B R SRR TR R
SN A E DQ HhEE R TR IG5 sh sk
S DQ AT REIAL I /M A M £E TR R A e

B4 2RI R REEIE
Fig 4 Hierarchial clustering heatmap of the differentially expressed proteins

MR I . SR, HATEEA ST HGE
2Pk DQ HEEXT AR I I 2R 1 B3Rk B

A58 2T nanoLC-QTOF-MS 1) JF 4 [r)
EERAAEOR, BR8240 DQ rhEE B H 1
B HFRRRE, IFN R 2= 5 R EA
Z 5 0 Yy FE U DG I s Ol . WF 9T 45
FH, 20 DQ ekt BE 1IN R A Rk i
=, SEEAWINEKENFREEFE, H50HE
25 DQ A 76 M EFRIAEAT TIRE
IHTEE R 25 S 1 RS S AMARTE , R
P DL B IR N S R . (A — SR, NRIRER A
(ADIPOQ) MIFRIEANUE DQ g e, S
PG EYIADE, AT LMER DQ Hhig R K2 J il
R AW

FHEEHE o . B Fl v 8 (Fibrinogen alpha,
beta, gamma chain, FGA, FGB 1 FGG ) B&E A
FEPEA YR A, FEIASTE B vh & 5 d 2
1", $EHGE, FGA, FGB Fl FGG KIS #ik 5
J9E ol L R S5 22 g D R L S 1 it 5 2%
PIkoe U W, S4EE ARG —Fh SR
Fi, FEAAEIIA], i3 v B mT G T U AT
Fi, FGA. FGB fll FGG J& 22 7 A5 w1
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B 5 LiHEN (A) FTFREEN (B) 1 GO 747
Fig5 GO analysis of upregulated proteins (A) and downregulated proteins (B)

El6 LER (A) MITHEEN (B) K KEGG /T
Fig 6 KEGG analysis of upregulated proteins (A) and downregulated proteins (B)



N>

- 348 - RSy

S

BE2fdkk 2025 4 3 A5 34 456 3 M Chin J Emerg Med, March 2025, Vol. 34, No. 3

M =AEA, FRMGEEE S0 5, A S RuEm
X =ANEATE DQ AN, 5 THUAM
o7 A LN 98 S5 A i e o (RN 2 &R
% 5 ZRpom e BB, WHR297 DQ Atk
BEERZ RS IR

ALLTZE H ( myoglobin, MB ) 2 Hi i 20 L i i
BB B AR, B 2l A e
BETE, SECEY S TAREE . IR AR
AIS AR R A A B 1 B — s R B,
KHY MB Al REE A FHIET- S 557 R 2 T
BRI AR Y. A KB DQ Atk
HiAKrh MB ik R ETHR, S DQ hEEg ik
(A AL ORI LA 2ok B A Ok, (RS
HLHIA Rt — 2% .

75 111 S100A8 Fi1 SI00A9 ( protein S100-A8/A9,
S100A8/S100A9 ) J& T S100 W FK & HY Ca™ 454
F, fERARARN . ki gnit . 1SR iY b 40
FPN K A b v 3Rk, B 5% 08 1 e i S I AR E
U S100A8 F1 S100A9 TE 147 22 5 i Fll 48 5tk
S R FHERENEH ., FEARYEAET, S100A8 Fl
S100A9 [ ZRIBFAFA BT 200, Flanfe 2 MERE R
975 B8 B SR e ek T, TR B A R
B Jo g B U FE RAEARZS R, S100A8 A
S100A9 AJ 3 i & AL I AW 4 it 70 s, FFAE R 2
RERGP A EE T Y, UL B RN TR R
g H T BEE N R AR FLE] R EVE . eah, F
8L & B S100A8 Fl SI00A9 7E 19 Hi i vp 25 58 &
M3 FRIEFH TR, TR NS a Sk &
METE A by B 522 AL, AHRST7E 2tk
DQ g B 3% vt & BE 2 THE Y S100AS Al
S100A9 FEH, M e — & a] REAE WA BL e 24
FREE A R o R IR AR

EICAE T (adiponectin, ADIPOQ ) 2 Hi g4l
13 WA IR 2 A BRI RE M N A IR T, &
BB AN EZRIK, SZIEEASGE
Jasl—RIUE SR, R SRR 1k L
Fead E ALY B BC A TS R BB A B BT R,
ADIPOQ AT LA B 4% MUY B 5 R % AE A A B
T I s A B e =, T el 4 B A
AP HAh, ADIPOQ B A 2 8L (14t 4 F1
PUATAER, ATpO A R G5 TS i 5
AL, ADIPOQ TEM PN FEE RS- . AR
WIFRAR A, ADIPOQ AMUAE DQ Atk rha

M2 rhFE, 78 DQ MhEg/ESET Ay A IR h Ty
T RIS 25 0 R TR R R N TE R R 5
TE B B E M LA I B 28], Wid/R DQ
AN TREM BB AR, AR SAE IR 15514
RUGESANER, AT DAWE bt — 2 aF5E DQ Bkl
I KL

KRN RZAL - BIRFEAREAR, ok
T iE— 2 KA A TR 5 iS22 78k 0B
VIZRIRIKE MANTE R, T LA AR AR HE & &
ZSEAMRIR, AR P HEE SR T

i b, AW N H 2T nanoLC-QTOF-MS 1
AR AR F B A EOR, B IRIRSE 120k DQ i
BHEALRBRAE, AU 75 DQ hEEAHE
M CERER T, BB X B TUE A VAR R
WEH. PR AN DQ RS EA LA
TEORHR R 52k DQ BEMEAEFIBLEI TR AR S 8T
AIRIESE 7 ), oo g R I RIS $ 5 %

FlgEMsR AR IO fi P

EETTIA R skRHL - Tt BB S0, 1830
BT I BEARNCEE | SCIRERAE 5 R MR 4
ot s DI - Rl . Bl R s RINE - iR3CIR
SHEM. gt

2 % X #
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