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BN, 8 B 5244 (delta opioid receptor, DOR) i 53
LEpr ik M/ FRRE 73 (ischemia/ reperfusion , I/R) #5455 F1
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Y & BT R ik (D-N 2,D-5% 5) — fikiMEJik ([ D-Ala2,
D-Leu5 ] -enkephalin, DADLE ) B A5 H1 I/R #1455 I 41
BURYE . 55 5h, BF 5T HfE SNC8O, KNT-

close phylogenetic affinities with Brucella melitensis. Moreover, the phylogenetic tree analysis indicated that these
strains coalesced within the same branch, the findings were in alignment with the results obtained from BCSP31-
PCR and AMOS-PCR assays. Conclusion Brucella melitensis assumes a predominant position in the transmission
dynamics within this area, identifying individuals involved in sheep breeding, slaughtering, vending, and related
occupations as high-risk groups. The outcomes of this study offer molecular biological substantiation for the distribu-
tion of brucellosis patients in this region, contribute to genotyping endeavors and tracing studies associated with the
pathogen, and concurrently verify the efficacy of 16S rRNA molecular tracing.
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127 ,ARM390 % H:Afh DOR #sh 74 % VR $45
MBS T2 %30 DOR S s R AE 45 B iR T 7
TS 1k e A T 23 I FE SRR SR N T I 5%

1 DOR #zh7%% /R HryER

L1 OAVRBRG b E, S80S (acute
myocardial infarction, AMI) %55 56 R — H IR 40 5
R PR H 2RI, BRI
FEIRTT A B0 50 BT T 25 G P B ORI EE AT Ak
Fa s B R AkSE T &8 0 259 LR T)
AMI R ITRCR BA KIS, HATE R Z
DOR 8l %5 L LR 1L/ P9 1345 45 ( myocardial is-
chemia/reperfusion injury, MIRT) B A5 s 3 /E (£
1) o A7 BEFE " 3 W, DOR W3l 75 nl i 4k 2 4%
SRR AR A H R Sk LA 00 O B PR 4P 4 T, s 2
O LA R T R g O L AR MO b0 15 55 . e
AJTERE DOR J& , i 3% B2 A KA 732 4K ((epidermal
growth factor receptor, EGFR) {1 , M1 47§ PI3K/
Akt, MAPK F1 JAK/STAT-3 i %, Ui %% MIRI 35
"' ; Okubo et al' "SRG G L U/ R BRI % B0
MERT S DOR, AT /0L AL 2R Jf 3 00 JiE
MREFETI AR , A4S0 MIRT /E ] (EAS CTERY 2, i
WL s " B % DADLE 7E MIRT #4585 1.0
LRI . A8 MIRI /)N () A DADLE &b 3
C57BL/6J /NEC LN AL A TCF4 , Wnt3a F1 B-Cate-
nin KK P 8T B, $2 75 DADLE W] ji i 1) i
Wnt/B-Catenin {5 5 il #% & # H1 MIRI 1 ',
Wang et al™ % Bl DOR 325 SNC-121 #] 5 5§/
B e Is BRI, 1O LI I B 9880 UL 4 A
LML, T e HE %O LB PR AP R . e Ah,
MIRT i 2517 >k 2R GE MO R 55— R e
H4 Maslov et al'®' % B Delt-Dvar il Delt-E %
MIRI J5 .0 A A 225 B T4 5 3 b i sl
FIWERIT 8, B 5244, B AAE T Wi FA 6 25 2H 2L 40
JfL b, A A H sl 700 mT 7 A B e UL s A
PRIELRI Y 45 A 2 0% . Hofth DOR 3371, 4n

BW373U86 Fll p-Cl-Phe DPDPE'*" | 15,3 i 4 Xf fike Iff.
OIS ER . L EWF5EE75 T DOR #3h 7 6e
LS 2 R0 055 T B Yl SRR 1 A A
LR T, DN AT R 842 MIRT Jir 51 56 1) 58 hE 1 2 g
BT, J AR AR, S HE I PRIV 2 1 B
Fei

1.2 R U/RRG  Semmizs o (ischemic stroke,
18) & — i UL AR i 87 , BOE A . Hoig Y 2
AR I LA S 0 7 b 2, B i 2H 2Lk i IR 3
5| # ik 1/R #5145 ( cerebral ischemia/reperfusion inju-
vy, CIRD) ™ HETA £ 200 1S B2 W AT 5
i ELE U A B AE 2R R 2 ) B AT SR A
TE2S T B HATHLRI BT SE FOT & o 2 250 . ©A W
78], 16 1S 51 % CIRL A, DADLE HoA —ZE 1)
WZGAVERT. Chen et al ™ At K il 3h ik 4] 2/
FL¥E 7 (middle cerebral artery occlusion/reperfusion,
MCAO/R) #E 7Y, 47 M fiki 2 48 7 5 DADLE J5 &
L, DADLE RE8 B g yak /D ik A5 46 1) T AR, I 1] figd
o £ 4 )8 3 E B ( matrix metalloproteinase , MMP )
I RO R 45 & A K K ¥ (HB-EGF) |, i 11 5%
i EGFR S CIRT, 7N #F5E ™ #8] DADLE 7]
fEHE R DOR ik, I LI AMPK/mTOR/ULKI1 {5 5
PRy g aR A T A B i, R AR & AR
YER . TEMFERTIERZE 1 (amyloid precursor protein,
APP) B —Fhtf R4 7, 5 St & oo b iy
2GR IS ™ . Min et al ™' 2L MCAO/R #
RN AR 4, & B —FPEE kS DOR ¥ 3) 7
Tan-67 A gl 96 APP (YA SC AL 1S & AR i
HMHZAR G E o Zhang et al ™ % B, DADLE ¥ i
A AR SR K A R R S 1 19~ IO R AR 1 /K A
fiff 9 ( Caspase-9 ) &t I &A% Bax 5 Bel-2 & 7K
{14 L (A 9/ B LI 65 P 12 248 i ( brain: microvascu-
lar endothelial cells, BMECs) 1=, Mm% CIRI,
BMECs 3 2 & LA AT N IR DOR 23K 14 41 it
AL, T REAE 9 DOR g 70 8 s AT IR ABIFST, LA
JATE CIRT rpfss ot i A8 P B DR, 5 I i o

&1 XEH MIRI{ER A DOR B 3h37 & E 4%
Tab.1 The anti-MIRI effects and mechanisms of DOR agonists

Name Mechanism References
Morphine Activating PI3K/AKT, MAPK, and JAK/STAT3 pathway (16-17]
DADLE Inhibiting Wnt/B-catenin signaling pathway ()

SCN-121
Delt-Dva, Delt-E
BW373U86, p-Cl-Phe DPDPE

Inducing the transfer of caveolin to mitochondria and reducing the damage of myocardial mitochondria
Effectively reducing the incidence of arrhythmia after I/R

Significantly reducing myocardial infarction area in animal experiments

[20]
[21]

[23]
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fIZHAE. Deng et al'™ BF%T 7%, DADLE 1 F 76 ¢
SLAANE R 25/ 5 A B NE (oxygen-glucose deprivation/
reoxygenation , OGD/R) # &I i) BMECs |, ] 8Bk
2 AR LA BERE 24K 4 (TRPV4) (363K, JF HL AT
R o 1G5 2 I, 48 T A T R A
FIEACE, NI Zepi A Zh . B DADLE b, f
H3E R DOR 1 a)75) BW373U86 AT i 1:f i it
B, &L CIRL (4 . DL B 0F 58 AR 2 32 7R
DOR #zh3%| HA 4T CIRI 5877, s th HH TR 9T
IS AIEEALHE 1

1.3 B FA& 8 VR B4 /R X HALSE, 0
JHF R 45 1) 2 2 2 AN R R B A . G
FIlilE , A & W58 s OGD/R &l ##H ,DADLE A
REAE 3 MAPK 30 % 1) s 22 198 % i 5% 12 £ A B 1Y)
RIS, T P38 iR AL , (o — & Zh A -, A
2 1/R S i A 351405 5 DADLE 36 7 LA %
KR B2 A0 5CR F 2/ L2 i 4 -1 ( Nref2/HO-
1) 3 B, LA /N U R BT 32 /R 48055 0 14t
P ST s R /R SRR A
BEZHZP ) DOR mRNA FKKF2E 1L, R IHER
IRAKFREE R, #2787 DOR A 82 5 %14 2 ; Fu
et al ™ §{zil , DADLE REAT I/ G 9558 1/R 5145
FFBOET- A2 H . 25 L TiA,, DOR #8h 7] %F
L/R 495 0 i T8 6 55 22 4 B X R B DR P B
I AEARH— PR EK

2 DOR #zhI MR EE R E 3 & AE FHI1E

WRBEAE I TR R AT ARG & — M 2
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BIT B V)T SRR L B 2 S R
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AERFAEBLARIKT- , DT i /1 J56 e Joe T A 118 A A R B
TR . S rf 26090 gy e d e R, I 45 24
T DADLE (K BRI 2H 2L o7 M58 £ 1 E ik 52
18 (a7 nicotinic acetylcholine receptor, a7nAChR) 5%
S, UEW] DADLE 7] fg 28 ¥ 7% o7nAChR
RIEFRARAE S, LA AR IR R Bl A DA B AIESR
BRI R B DOR 8l 0] mT i I F W w0 S =T &
KERIRIT o

3 DOR #EhFI B HE SR R E A
3.1 HDEBRE  FHRAESE— A DL IR p AT, SR

i 8 AR B ™ F 04T o RO PR RS, A4 Ag B
BB, B B LG E AT L IR AE A
R, AT 10% ~20% fEAER YT AR 22 R TR
RUBLGE ™ o ffpe i S ] BB B S 7 SR 43 a8, R
(e bsf -t o BIF A HUAMARAE 19 25 W it 1 8 22 i Pk
DOR gl 7] (1) — L6 f B BF 50 1 Jo s/ e Ay 410 A
IR YT TEABTBETS /1. Chen et al'* 3236 16 L) AKX
251977045 T DOR 37 SNC80 I8 Y7 R MK IF
ANERA S AR v, HE BT 9 38 Y UK U3 (forced swim
test, FST) HORZEF[a] & EL T B, BIE6H] SNC80 3R 3H
B O POMARREVE . Wu et al®’ R 4G Pk R
AL/ N TR TE 5 SNC8O J5 , 7 B B i 4 il FST
HR AR AN Bl I ) Xy B 0 92 5 it — 2040 ULk EE B
W2 44 B(TrkB) #7177 ANA-12 A] DI R SNC80
() ER P AR YE F, 42 7% SNC80 W] fiE i@ 22 BDNF-
TrkB {5538 A S HUMARAE T o BEAE, —Fh AR
SRR R R BT ik Rubiscolin-6 W R Bl
SHIVAIE AT 1 Hem e Ak A 1 RS A
W Y BIE KAk TR Ay B, BR B R Y
DOR gl AIAEHTINAR 5 1A 27 3, A
AARAWABRE A IHY 7S BT A0 S

3.2 1H£ 7% (Parkinson’s disease, PD) PD &
TR R IR AT , B W AT 9k 2%
JULPR A R, i A B HIR 5 A R A5 55 2
P RO . B RTER X PD IIRTT 2 N XA
JF, AR PD IR I . PR, F R
FRRLZY Hve PD JCBER 21 20 4ok TLAE filt e Y &
T, BT & B, DOR A REEAIT PD g — A
AR L, DOR sl R A PD W ETR YT 2
Yo AEHMIE 4 DOR #Eh7| UFP-512 fE
J& , PTEN 5 Sl e ity 1 (PINK1 ) 23k b HUIH)
I Caspase 3 ] , DT 5 4 Jfd 6652 SR AR 1 22 8 R
IFEN o PR 1-HHE-4- RN E 55 1 (1-meth-
yl-4-phenyl-pyridinium ion, MPP ) A i/ i3 A% K 22 Jf
Z e 28T i AR UL PD B 1 #2Y . Shivling
et al ™ #511 , DADLE W] figifiid Nef2/HO-1 {5558 %
PR ER] . A, SNC-80 4 241 il
KA B 19 2 i (unfolded protein response, UPR) i
WAL I | R T DB S A LA s AN A HE BT R AE T
MATIAS PD AR B 5| & 1) #2850 461 405 3¢ B S 2% il A
M, g5 FRTR, Z8h DOR BEIFITE PD 167 7 1
TR 1 1, 336 ARk PD 25wk & H AT
KA
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JORIX B 2 245 9 1) S 2R P AU A
b B FARGE A e RO A R o Ak,
Bl 225 ) FeA A I AE AN BT % B, H i, DOR
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Fig.1 Role of DOR agonists in disease treatment
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Progress in the role of delta opioid receptor agonists

in disease treatment
Guo Fanghao', Zhang Lesha’
('The First Clinical School of Medicine, >Dept of Basic Medicine , Anhui Medical University, Hefei 230032)

Abstract Opioids are commonly used drugs in the clinic, mainly targeting different subtypes of opioid receptors
distributed in central and peripheral neurons. They are the preferred drugs for treating acute pain or cancer pain.
Delta opioid receptor ( DOR) agonists are opioid drugs that target the delta opioid receptor. In recent years, they
have received widespread attention due to their ability to improve ischemia/reperfusion injury in multiple organs
such as the heart, brain, and liver, as well as their potential for treating mental and neurological disorders. This
review summarizes the mechanism research of DOR agonists in treating a variety of diseases, prospects their clinical
application prospects, and finds that DOR agonists may exert anti-ischemia/reperfusion injury effects on organs by
reducing apoptosis and mitochondrial damage, and activating various signaling pathways; they also exhibit anti-in-
flammatory, antidepressant, and therapeutic effects on neurodegenerative diseases, providing a new perspective for
the application of DOR agonists in treating related diseases.

Key words DOR agonists; ischemia/reperfusion injury; myocardial infarction; sepsis; Parkinson’s disease; de-
pression
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