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Na 0ToXEUOEL TOUG UTTOTUTIOUC TWV UTTOOOXEWV OTILOELOWV
Na evepyomoLioel EVOOKUTTAPLOUC UNXAVLIOMOUC avaAynoiog
aro touc MOR

Na otoxevost tou¢ MOR vunodoxeic otnv mepldpEpeLlar PLOvVo
WOTE Va LNV HeETAPEPETAL TO EMWOUVO OO KEVIPLKOTEPQL
Na otoxeloel touc Tmeplupepltkovc MOR vmodoyeic o€
bAeypovwdelc LoToUC otnV TiepLldEpELa

AvayvwploeL EVWOEL TIOU E£XOUV WC EKAEKTLKO OTOXO TO

£TEPOOLLLEPN TWV UTTOOOXEWV TWV OTILOELO WV

Machelska H, Celik M. Front Pharmacol 2018;9:1388



@ Tt elval Ta ETEPOSLUEPN TWV - UTIOOOXEWV >

vrtodoxeac MOR twv omloeldwv dnpLovpyel opodLUEPN Kall
® etepodLEPN HE AAAOUC UTIOOOXELC TWV OTILOELOWV 1 N

QATMOTEAOUV TIPWTEIVIKA OUUTTAEYULOTOL TIOU OUVTLBEVTOL AT

® U0 AeLltoupyLKEC povadec urtodoxewv (MpwTtopepn)
SlaBEtouvv we oUVoAo SLadOPETLKEC BLOXNILKES KoL
O bGOoPUAKOAOYLKEC LOLOTNTEC ATIO QLUTEC TTOU £XEL KABE povada

EexwpLota

SLabOPETLKI) OUYYEVELQ LLE TOV AYwVLOTH, SLadopEC otnv
O gevdoyevn SpaoTKOTNTA, 0TN METASOON TOU HNVUUOTOC EVW
\muréxpova EVEPYOTIOLOUV YELTOVIKOUC UTIOOOYELC




< Eldn etepobiuepwv >

MOR
MOR
MOR
DOR
MOR1D
MOR
MOR
MOR
MOR

MOR

DOR

KOR

KOR

Gastrin release Peptide Receptor
Cholecystokinin B Receptor
Cannabinoid 1 (CB1)

Adrenergic receptor (a2AAR)

Dopamine D1



Yrniodoyeac omntoetdwv MOR-1

* Ouada G-MpwWTEVWV

o 7 SlopepBpavikEC OOUEC
* KNZ-avarmveuoTLKO-EVTEPO-AYYELO-OVOOOTIOLNTLKO-TIEPLPEPELL

Structure of MOR-1
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Delta-Mu Opioid Receptor Heterodimer
Proposed Structure




Moller, J et al. Nature Chem Biol 2020;16:946—-954



AM\ooteplkol SlapopPpwTec

» Betkoli tumot (PAMs) aufdvouv amokplon tou umodoxéa: 1) avédvovtag tnv

nBavotnta va ouvdeBel €vac aywviotng (ouyyevewa), 2) auvéavovtog tnv
LKOLVOTNTA TOU VOl TOV evEpPYOTIOLEL (ammoTteAeopatikoTnTa) N Kot ta v o

> apvntikoi Tumot (NAMS) LLELWVOUV TN CUYYEVELD KOl ATOTEAECLATIKOTNTOL

TOU aywVLOTH

> oubétepol TUmoL Sev emMNPeAloUV TNV AYWVLOTIKH SpaotnpldtnTa, Unopolv
va epmodioouv tn ovvdeon AAwWV Stapopdwtwy o pLa aAAooTePLK) B€on

Burford NT, Traynor JR, Alt A. Br J Pharmacol. 2015 Jan;172(2):277-86
Remesic M et al. ACS Chem Neurosci. 2017 June 21; 8(6): 1147-1158



( MOR-DOR etepodiuepn >

 DOR umodoxéac aokel apvntLkn avtaywvioTtikn épaon oto MOR
UTtOOOXEQ OTAV UTTIAPXOUV WC ETEPOSLUEPN

DA

| Orthostend = M _—
f

Positive Allosteric Modulaor

Negativ e Allosteric Modulatr

Zhang L, et al. Front Pharmacol 2020, 15;11:1078
Remesic M, et al. ACS Chem Neurosci. 2017 Jun 21;8(6):1147-1158



@ MOR-DOR etepodiuepn )

Mpoodata BpeOnke oTL Ta eTepodipepry MOR-DOR €xouv TEPLOPLOUEVN
OUYKEVTPWON OTO VWTLALO HUEAO KAl 0TNV ApUYSaAn

Erbs E, et al. Brain Struct Funct. 2015 Mar;220(2):677-702
Wang D, et al. Neuron 2018 ;98: 90-108 €105



Increased Abundance of Opioid Receptor Heteromers Following

Chronic Morphine Administration

Gupta A, et al Sci Signal 2010 Jul 20;3(131):ra54

» Meta t Xpovia xopnynon popdivne avéavovtat ta etepodipepi MOR-DOR:

e puyxaio MAayLOKOIALOKO TtponKkn HLUEAO (RVM) mtou oxetiletal pe Ta Katlovta

VOO TAATIKA SEUATLOL TOU TTOVOU

e yayyAla onticOoc pilag
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« @ > d MOR/KOR etepodipeph
* MOR/KOR etepobiuepn epdavifouv tn HeyaAlTtepn
@ ouykévipwon o @ otn wodnAakikr dpdaon
(T olotpoyova) petatpenovrac tn duvopdivn amno
aAyoyova oucia o avaAyntikn og avtiBeon pe tnv
WXPLVLKA $Aaon Tou KUKAoU
¢ Q@ ywpic woBrkec > & cuVENWC UTIAPXEL KO

aveEAPTNTOC UNXOVIOUOC TWV OLOTPOYOVWV YL TN
Sladopd ot CUYKEVTPWON avapeoa ota Suo duAa

Chartoff E, Mavrikaki, M. Frontiers in Neuroscience 2015, DOI110.3389/fnins.2015.00466



Diagram of the postulated cross-talk between estrogen and opioid receptors.
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Lee and Ho Molecular Pain 2013, 9:45
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TABLE 1 | Identification, downstream signaling, and function of Mu opioid receptor heterodimers in vitro and in vivo.

Receptor pair
MOR-DOR

2€ TIOLOUC pNXovIopoUc 6pAaonc Twv oTtloedwv erdpouv;

Tissue distribution

Mouse brain, SC, DRG
Rat NRM

Rat RvM
DRG
DRG

DRG, SC

brain

Striatum, hippocampus

DRG

Brain

Brain, DRG, SC

Brain, SC

Methods

Co-IP, disruptive peptides
Whole-cell recording,
behavioral test

Behavioral test
Electrophysiological recording
Co-IP, disruptive peptides

Co-IP, disruptive peptides
Co-IP, BRET

Antibody to MOR-DOR
heterodimers, heterodimer
biased ligand (CYM51010)
Deltorphin-ll

Co-localization, Dettorphin-ll

Antibody to MOR-DOR
heterodimers

Co-IP, redMOR/greenDOR
double knock-in mice

DORGFP mice and
MORmMCherry mice

Ligand binding, downstream signaling and trafficking

Positive binding cooperativity, increased G protein signaling
Synergy upon co-activation of MOR and DOR
Synergy upon co-activation of MOR and DOR

Inhibitory coupling of MOR to VDCCs
DOR phosphorylation at Thr-161 is required for the formation of

DOR-MOR heterodimers

DOR activation led to endocytosis and degradation of surface

MOR

DOR antagonists enhance MOR binding and signaling activity

MOR-DOR co-internalization

Gaz activation, and no uncoupling after chronic morphine
DAMGO induced DOP receptor internalization and trafficking

following chronic morphine

Increased MOR-DOR abundance following chronic morphine

MOR and DOR neuronal co-expression in dorsal root ganglia, spinal
cord, hippocampus, LH, basal nucleus of Meynert, and pirform

cortex.

DOR and MOR is limited to small populations of the spinal cord
and is rare in parabrachial, amygdalar, and cortical brain regions

related to pain.

Zhang L, et al. Front Pharmacol 2020, 15;11:1078

Behavioral outcomes

ND
Increased analgesia

Increased analgesia
ND
Morphine analgesic tolerance

Disrupted MOR-DOR enhanced morphine
analgesia and reduced morphine tolerance
DOR antagonists enhance morphine
analgesia

CYM51010 induced analgesia similar to
morphine, but less analgesic tolerance

ND
ND

ND



MOR-KOR

MOR-CB1

MOR-Gal1lR

MOR-alpha2A

2€ TIOLOUC pNXovIopoUc 6pAaonc Twv oTtloedwv erdpouv;

ey W pait.

DRG ISH, single-cell PCR, Coexistence of DORs and MORs in small DRG neurons; Both
immunostaining DOR and MOR agonists reduce Ca®* currents in DRG neurons
and inhibit C-fiber synaptic transmission in the spinal cord.
Rat SC in female Co-IP, cross-linking Synergy upon co-activation of MOR and KOR
experiments
Rat striatum Electron microscopic MOR and CB1 are partially colocalized in dendrites in striatum
immunocytochemical labeling
Striatum BRET Reciprocal cross antagonism
Rat or mouse NAcC Behavioral, pharmacological,  Bidirectional negative crosstalk
electrophysiological methods
Mouse VTA BRET, BiFC, disrupting Cross-antagonistic interactions between MOR and Gal1R
synthetic peptide
Mouse VTA BRET, microdialysis, ["®FIFDG  MOR-Gal1R attenuates the potency of methadone, but not other
PET imaging. opioids, in stimulating the dopamine release in the VTA
Hippocampal neurons Co-IP, BRET, Activation of either MOR or alpha2A receptors leads to an increase
in the extent of signaling, whereas activation of both receptors leads
to a decrease.
Rat NTS Co-IP, In situ proximity MOR-alpha2A reduced the NO-dependent depressor effects of
ligation assays, activation of alpha2A receptor.
immunofiuorescence staining

Zhang L, et al. Front Pharmacol 2020, 15;11:1078

Spinal morphine analgesia in female

ND

Co-activation of MOR and CB1 receptor:
leads to a attenuation of the response
upon activation of individual receptors for
neuritogenesis

Co-activation of MOR and CB1 receptors
increased social play behaviors
Opioids-induced reward

Opioids-induced euphoria

ND

Hypertension



Q 2€ TOLOUC pnxaviopoUc 6pAaonc Twv oTloeldwv ermdpouv;

ANOXH

* [epypadel To PAVOUEVO TIOU TIOPATNPELTOL HLELWON OTNV OMOTEAECUATIKOTNTA
EVOC PapUAKOU HETA omo emavaAopPavopevn xopriynon Kat ol aocBeveig
xpewalovtat P 66on yia to (6Lo PpapaKOAOYLKO ATTOTEAECUAL

* BaoLKOC HNXOVIOUOC TNE avoXnC elval n amevatcbntonoinon tou unmodoxea LEow
NG B-apeotivne kat tng aduvapiog dtakivnong tou unodoxéa (trafficking)

Opioids Chronic opioids

A Ca*  Na' | K* Ca®

Oplold nceptor | ~
Analgesia . mm e m] U’j m

mpw .
a, GRK {
ATP cAMP “'“ // An;mn Al
cAMPl l :.-’;’fRe: o }.
waww@;tmw‘

f{  Endosome 1 /
A ’.l‘i

OPIOID ANALGESIC TOLERANCE \ dl;y‘o::;w
gradation

Mudgal A, Pasha S. World J Pharmacol 2015; 4(1): 144-159
Zhang L, et al. Front Pharmacol 2020, 15;11:1078



Alakivnon vrtodoxéa (trafficking)

Luttrell M. The role of b-arrestins in the termination and transduction of G-protein-coupled receptor
signals. J Cell Science 2002



Alakivnon untodoyéa (trafficking)

Luttrell M. J Cell Science 2002



Ele

Alakivnon untodoyéa (trafficking)

Luttrell M. The role of b-arrestins in the termination and transduction of G-protein-coupled receptor
signals. J Cell Science 2002



Amodopunon

Alakivnon untodoyéa (trafficking)

Luttrell M. The role of b-arrestins in the termination and transduction of G-protein-coupled receptor
signals. J Cell Science 2002



AvakUkAwon

‘ Amodopnon

Alakivnon untodoyxéa (trafficking)

Luttrell M. The role of b-arrestins in the termination and transduction of G-protein-coupled receptor
signals. J Cell Science 2002



@ Apaon MOR-DOR etepodipepouc oto PavOUEVO TNEC AVOXNAG >

/

pERK p-p90rsk
QL=

—_—

C_Z3. D MOR homodimer
C_ WP MOR-DOR heterodimer
O DORIligand

WV MOR agonist

Rozenfeld R et al. Scientific World J 2007; 7(S2):64-73
Gupta A et al. Sci Signal 2010; 3: ra54



Apaon MOR-DOR etepodipepouc oto PavOUEVO TNEC AVOXNAG

e Xpovia xopnynon popdivne mpokaAel Tpoc Ta avw
pLOLULoN Twv MOR-DOR etepodiuepwv

* DOR nmpwtopepeC amodOUEL TNV KUTTAPLKN ATTOKPLON
tou MOR vunodoyxea mpokaAwvTtac avoxn

Mudgal A & Pasha S. World J Pharmacol 2015; 4(1): 144-159



V1ibR p-receptor—Luc
Q Apaon MOR-V1bR etepodipepolc oto Ppavopevo —
NG aVoxng

Luc

* MOR-VasopressinlbR etepodluepec paivetal va
oXETl(eETAL HUE TNV EpPAVION OVOXNGC LE AYVWOTO
LLNXOVLOLO

e Otav yopnyeitot avtaywviotng V1bR pewwvetol n
avoxn kot avéavel n evalcOnoia otn popdivn

Koshimizu TA, et al. Nat Neurosci. 2018 Jun;21(6):820-833



( Apaon MOR-GAILR etepodipepolc 0Tto GALVOUEVO TNG avraum@

morphine

PFC |
- ? e HP

Disinhibition

 MOR-Galaninl1R etepodiuepn vMTAPXOUV OE LEYAAN CUYKEVIPWON
OTNV KOWALOKY) KAAUTITPLKA TIEPLOXN TIOU EUTIAEKETAL OTNV
avtopolpn

e AloBevi popLa tou Ba £xouv OTOXO TO ETEPOSLUEPH QLUTA UITOPOUV
ATTOTEAEOOUV AVAAYNTIKOUC TTOPAYOVTEC XWPLC eMibpacn oto
ocUoTNUO AVTOUOLBAC

Valentino, R.J., Volkow, N. Neuropsychopharmacol 2018 , 43, 2514-2520



Q Apaon MOR-GRPR etepodipuepouc otov KVNOUO OXETL(OLEVO LIE T
OTILOELON

e MOR-Gastrin Releasing Peptide Receptor (GRPR)
ETEPOOLUEPEC  oalveTal OTL OYeTileETOL ME TNV
eudpavion Kvnouou

e Y& PeEAETN amoKAELOpMOU TNG dnuovpyilac tou (pHEow
nentdiov): dwatnpettat N avaAdynola omno T
nopdivn kal ovaoTEAAETAL O KVNOLOC

Liu XY, et al. Cell 2011;147:447-458



NMDAR

* YIOPXEL Lol AELTOUPYLKN CUOXETLON METAEL TWV
MOR-NMDA otn OLaxeiplon Tou TOVoU UE
QAVTLOTPOPWC avaloyn oxeon

e AuTO pmnopet va antodeyBel xpnotpo otn dtaxeiplon
avOEKTIKWV- OTA- OTILOELON) CUVOPOUWV

VEUPOTIAONTIKOU TTIOVOU HE TN XPron AVOAYNTLKWVY UE

SutAn 6paon (oywvIoTEC OTLOELOWV/AVTOY WVLOTEC
NMDA)

Rodriguez-Mufiioz, et al. Neuropsychopharmacology 2012;37:338-349



* DOR aywVLOTEC LELWVOUV
HETAd00N TOU GNMOTOC OO TOUC
CB1

* DOR aywvioTtec epmodilouv TtV

ayxoAutikn dpaon twv CB1

Partner Receptors & Conditions UT[OSOXE(DV
Ozi;ld R;a;:ptors * )¢ T[ELpOLHOLTOZ'wOL X(.Up,l.q DOR
mewggemeers  UTIOOOXELG UTLAPXEL AUENON TWV
ca1 ooR CB1 urtoboxewv oth HEAALVAL

Anxriﬁgyniacnga?ﬁpression ’ 7 7
100w - ovoLa (GU MMUETOXN OTNV Avoxn,
Serotonin Receptors

CB1 5-HT2A avtapolpn)

Memory impairments
Anxiety

Fujita W. Br J Pharmacol 2014; 171: 4155-4176



DOR-CB1 etepodiuepn epudavilouv auénUEVN OCUYKEVIPWON OE
HovteAa aAdoduviacg (dAoLo, urmtobaAapo, LeceykEPaAo)

To €TEPOOLUEPEC AUTO UIMOPEL va ammoTteAETEL TILBAVO 0TOXO
QVTLLLETWTTILONG VEU poTtaBnTikoU TtOVoU

Heteromer

pair

3-CB,°

1-CB1R¢

In vitro heteromer properties (binding, signalling,
trafficking)

Detection

Colocalization, Co-IP, BRET

Binding

Remains to be determined.

Signalling

| potency of CB, receptor agonist.

Heteromer signalling involves PLC-mediated recruitment of B-arrestin.
Trafficking

T in CB, receptor cell surface localization.

Detection

Co-IP, BRET, FRET

Binding

Remains to be determined.

Signalling

L in signalling with u + CB, receptor agonists (ERK1/2, Src, STAT3
phosphorylation).

Trafficking

CB, receptor agonist or longer spacer bivalent ligand does not induce
internalization, but p agonist or mixture of both monovalent
agonists induces heteromer internalization.

Fujita W. Br J Pharmacol 2014; 171: 4155-4176

In vivo effects of reagents
targeting heteromers

0-CB; heteromer-selective
antibody

Antibody detects T in
heteromer levels in cortex in
neuropathic pain model (L5
spinal nerve ligation/
transection).

Antibody blocks CB, receptor-
mediated enhancement of &
receptor activity.

Bivalent ligand (u agonist joined
to CB, receptor antagonist by
a spacer arm)

Antinociception (i.t. and i.c.v.)
without development of
tolerance.
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AwoBeveic
OUVOETEC

Zuvéuaouog 2 Etepodipepn MovooOeveig

bapuakwv OUVOETEC

OTILOELO WV

MoAvAgttoupyikoi
OUVOETEC

Zhang L, et al. Front Pharmacol 2020, 15;11:1078



 AwoOeveic ouvdEtec £xouv OnuloupynBel YpnolpomolwvTac TO
dawvopevo tng ovyyevelog (avidity) katd to omnolo n ouvdeon Tou
evoc pappakodopou (A) evioxVel tn ocuvdeon kot tou devtepou (B)
LEOW EVOC SLaxwplotn

e Evwoelg pe mOAU PBpoxeic 1 pakpoUC OSlaxwploteg eival
QVOTTOTEAECMATIKEC UTIOVOWVTOC OVAYKN YLa TUTOXPOVN ouvdeon
Twv OVo doapuakodopwyv yloo va avootalet n Sdpaon Ttou
etepodLEPOUC

ﬂllu

Dual ligand-mediated
activation of the heteromer

Mudgal A & Pasha S. World J Pharmacol 2015; 4(1): 144-159

Olson KM et al. J Medicinal Chemistry 2018 61;(14)6075-608s  F1gure 2 Dualsteric ligand mediated activation of the heteromer.



Dualsteric

ligand Phosphorylation

Opioid
G, heteromer

Clathrin
coated pit

GDP

Degradation

Recycling
endosome

Lysosome

Mudgal A, Pasha S. World J Pharmacol 2015; 4(1): 144-159



(2014) 171 4155-4176 121AS
INTERNATIONAL UNION OF
BASIC AND CLINICAL
PHARMACOLOGY REVIEW

Revolution in GPCR
signalling: opioid receptor
heteromers as novel

therapeutic targets: IUPHAR

Review 10

Heteromer
pair

S- Hb’c

-k

p-x®

n-NOP®

In vitro heteromer properties (binding,
signalling, trafficking)

Detection

Co-IP, BRET

Binding

L in affinity for receptor-selective agonists.

Allosteric modulation of p receptor binding by &
receptor ligands and vice versa.

Signalling

Potentiation of u receptor signalling by &
receptor ligands and vice versa.

Switch from Gouwe to either Go: or Gog
signalling.

Coupling to and signalling via B-arrestin 2.

Trafficking

Protomers internalize independently from each
other.

Some selective agonists can induce heteromer
internalization.

Methadone internalizes the &-u heteromer and
targets it for degradation.

MDAN-21 immobilizes the heteromer and
prevents its endocytosis.

Heteromer expression at the cell surface
requires RTP4.

Detection

Co-IP, BRET

Binding

L in affinity for 8 or x receptor ligands.

Binding co-operativity with & + x receptor
ligands.

Signalling

T in signalling with a combination of § + x
receptor agonists.

Trafficking

1 in & receptor internalization in cells expressing
the &-x heteromer.

Detection

Co-IP, BRET

Binding

L in affinity for p receptor-selective agonists.
No change in affinity for x agonists.
Signalling

Remains to be determined.

Trafficking

Remains to be determined.

Detection

Co-IP

Binding

T in affinity for p receptor agonist.

Signalling

1 in potency of u receptor agonists.

Cross-desensitization of p receptor-mediated
signalling by NOP agonist.

Trafficking

Remains to be determined.

In vivo effects of reagents targeting
heteromers

J-u heteromer selective antibody

Antibody detects T in heteromer levels in
various brain regions after chronic
morphine administration.

Bivalent ligand (MDANZ21)

Antinociception (i.t, i.c.v. and s.c.) with
MDANZ21 is more potent than morphine
without development of tolerance
revealed and it is less rewarding than
morphine.

Biased agonist (CYM51010)

Potent antinociception with reduced
development of tolerance.

TAT-fusion protein (uTM1-TAT)

puTM1-TAT disrupts 8-u heteromers; T in
morphine antinociception with | in
development of tolerance.

J-x heteromer selective antibody

Antibody detects 3-x heteromers in
peripheral sensory neurons following
thermal allodynia.

Antibody enhances anti-allodynic effects of a
S agonist.

Bivalent ligand (KDN-21)

No antinociception following i.t
administration.

Heteromer targeting agonist (6-GNTI)?

Antinociception following i.t. but not i.c.v.
administration.

Antinociception to 6’-GNTI is more potent
than that of U50,488.

Heteromer targeting agonist (NNTA)

Antinociception (i.v., i.t., i.c.v.); NNTA
exhibits more potent antinociception than
morphine.

Heteromer targeting ligand (IBN=A)

IBNwA exhibits more potent antinociceptive
effect than morphine determined with
reduced side effects.



AwoBeveic

OUVOETEC

. Arthritis Research & Therapy (2018) 20:154

A bivalent compound targeting CCR5 and @
the mu opioid receptor treats inflammatory
arthritis pain in mice without inducing
pharmacologic tolerance

Raini Dutta'", Mary M. Lunzer”", Jennifer L. Auger'", Eyup Akgiin’, Philip S. Portoghese” and Bryce A. Binstadt' ®

Results: MCC22 provided ~ 3000-fold more potent analgesia than morphine in this model. Daily treatment with
MCC22 also led to a cumulative analgesic effect, reducing the daily baseline pain level. MCC22 produced no
observable analgesic effect in nonarthritic control mice. Importantly, repeated administration of MCC22 did not
induce pharmacologic tolerance, whereas a similar regimen of morphine did. Both grip strength and nesting
behaviors improved among arthritic mice treated with MCC22. Ankle thickness and arthritis scores were not
affected by MCC22. The analgesic effect of MCC22 was abolished in K/B.g7 mice genetically lacking CCRS,

demonstrating the receptor specificity of the antagonist pharmacophore.



S MOR-KOR aywVLOTEC

OUVOETEC
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NNTA

* N-naphthoyl-b-naltrexamine
(NNTA) pe pken 6paon (KOR aywviotnc/MOR
QAVTOAYWVLOTNC) TtpokaAel avaAynola, Ue
LLLKPOTEPN aVOXN KOL CUUTTTWLLATO ATTOCUPONC

Yekkirala AS et al. Proc Natl Acad Sci U S A. 2011 Mar 22;108(12):5098



TYO27

* MOR/DOR aywviotnc kat NK1 avtaywvioTtic
NPOKAAeL avadynola e LLKPOTEPN avoxn,
doavopevo avtapolPnc, ocnpeia anoovponc, xwplic
MOPEVEPYELEC amo to [E2

Fujita W et al. Opioid receptor heteromers as therapeutic targets. Br J Pharmacol 2014;171: 4155-4176



* MOR aywviotnc kat V1bR avtaywviotnc
(SSR149415) pe otoxo tao MOR-V1bR

eTeEPOOLUEPN TIpOKAAOUV avaAynola PE
AlyoTEpPN avoxn

* GallR aywviotnc kat MOR aywvIloTNC LELWVEL
NV eudopLkn Spaon TwvV OTLOELO WV

Zhang L, et al. Front Pharmacol 2020, 15;11:1078
Fujita, W et al. BrJ Pharmacol 2014;171: 4155-4176



* MOR-KOR rmiBavol OUVOETEC: rievtalokivn,
vaABoudivn, BoutodpapvoAn mpokaAouv peyoAUTEPN
avodynoia otic @ vs & og nepapotolwa

* Av t€0el To MOR-KOR €TEpOSIUEPEC WC VEOC LOPLOLKOC
avaAynTIKOC oTtoXoC Mmopel va BonBnoet semwduva
ouvOpopa ToU OXeTllovtal TIEPLOCOTEPO [E TO
yuvalkeio puAo

Lee and Ho Molecular Pain 2013, 9:45
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Influences of Gender on Intravenous Nalbuphine
Actions After Major Abdominal Surgery: A Multicenter Study

Amany E. Ayad - Ossama H. Salman - Ahmed Mokhtar Fathy Ibrahim
Waleed A. M. Al-Taher - Adel M. Mishriky - Joseph V. Pergolizzi -
Omar Viswanath - Ivan Urits - Martina Rekatsina - John F. Peppin -

Antonella Paladini - Giustino Varrassi (&
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Table 5 Tota nalbuphine consumption (in mg) throughout the study between male and female patents

Nalbuphine Gender Student’s £ test  value
Male Female

Group 4 (2mgh)

Mean £ 5D 3091 £ 376 29.03 £ 240 1384 0.020°

Group B (1mgh)

Mean £5D 1503 £ 826 08 £33 2650 i

*Statistically significant at p < 005

Type of surgery
Hernia repair
Urosurgery

Gastric

Colorectal
Hepatobiliary/pancreatic
Small bowel

Other (splenectomy/omental, etc.)

Conclusions: The current study supports the
hypothesis that although nalbuphine was
found to be an effective and well-tolerated
analgesic after major abdominal surgery,
females were statistically more responsive than
males.



Synthesis and Evaluation of a Novel Bivalent Selective Antagonist
for the Mu-Delta Opioid Receptor Heterodimer that Reduces
Morphine Withdrawal in Mice J. Med. Chem. 2018, 61, 6075-6086

Keith M. Olson,Tnt Attila Keresztes,“'k Jenna K Tashiroft Lisa V. Daconta,i Victor 1. Hrubv.i

e AvaotoAfoc D24M twv
etepodipuepwv MOR-DOR onuavtka

) Morphine g

D24M * LELWVEL TNV EUPAviIon onUeiwv
MDOR QArocupPaong
288888 SEEEE »  AVTQYWVLOTEC TWV ETEPOSLUEPWV
* auTwyv Ba prmopovoav va
olpormolnBouv oTNV AVILUETWTILO
Dependence & Withdrawal XPNoty d N H N

TOU OoTEPNTIKOU CUVSPOLOU



Synthesis and Evaluation of a Novel Bivalent Selective Antagonist
for the Mu-Delta Opioid Receptor Heterodimer that Reduces
Morphine Withdrawal in Mice J. Med. Chem. 2018, 61, 6075-6086
Keith M. Olson,”* Attila Keresztes,” Tenna K. Tashiro," Lisa V. Daconta,” Victor I. Hruby,"

A. Acute Dependence B. Chronic Dependence
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KEEP “Etepodipuepr) Twv Y- UTIOSOXEWV:
CALM Néo AvaAyntko omAo;”

BECAUSE

| DON'T
KNOW

Yridpxouv etepodiuepn HETAEL TWV UTIOOOXEWV OTILOELO WV
Yriapxouv o€ cuvduaopouc pe dStavAouc (NMDA, TRPV1)
Kupiwc €xeL pehetnBei to MOR-DOR etepodipepec

Entnpeddovtal ta ETEPOSLUEPH OE XPOVLEC KATAOTAOELG; 2€ TTOLAL
enwduva clvdpoua;

Entnpedlovtol amno ta owotpoyova (MOR/KOR)

Yxetilovtal e avermBuunTeg evEpPYELEC oTiLoELOWV (avoxr), KVNOUOG,
dawvopevo avtapolpBnc)

In vitro....in vivo? MetappaoTIKEC LEAETEC.....?

AloBeveic/povoobeveic/moAUAELTOUPYIKOL OUVOETEC



