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#1
reason to visit 

the doctor

$740
billion annually 

in the US

4.6hr
lost per worker 

each week

In NZ, 1 in 5 currently suffer from chronic pain

The development of effective analgesics remains a high priority

Pain is a major problem worldwide

191 million opioid 

prescriptions

>700,000 adults in NZ 

experiencing pain almost every 



Chronic pain is complex

Shingles 
Nonsteroidal Anti-

inflammatory Drugs

Anticonvulsants 

Muscle Relaxants

Antidepressants

Opioids

Steroid injection (nerve block)

Diabetic neuropathy 

Phantom limb pain 

Multiple sclerosis

Trigeminal neuralgia 

Nerve injury

Spinal nerve injury

Cancer 

Stroke

Chemotherapy 



Shingles 
Nonsteroidal Anti-

inflammatory Drugs

Anticonvulsants 

Muscle Relaxants

Antidepressants

Opioids

Steroid injection (nerve block)

Diabetic neuropathy 

Phantom limb pain 

Multiple sclerosis

Trigeminal neuralgia 

Nerve injury

Spinal nerve injury

Cancer 

Stroke

Chemotherapy 

40% of chronic pain sufferers report insufficient pain control

Chronic pain is complex



Nausea

Respiratory depression

Constipation

Pruritus

Mu opioid

receptor agonists

e.g. Morphine

Addiction

Tolerance

The problem with current treatments



(NIH, 2019)

Overdose deaths per 100,000

The opioid crisis

Prescription opioids



2001-2003 2011-2013

In NZ daily doses/million inhabitants has quadrupled 

Berterame, S., et al. The Lancet 387(10028): 1644-1656

The opioid crisis



Australasian opioid use 

data



Research strategies to combat chronic pain

1.Are there better drug targets?



Research strategies to combat chronic pain

1.Are there better drug targets?

Peptide
Amino Acid 

Sequence
Target

ω-MVIIA
CKGKGAKCSRLMY

DCCTGSCRSGKC*

Ca2+ channel (N-

type)

ω-CVID
CKSKGAKCSKLMYD

CCSGSCSGTVGRC*

Ca2+ channel (N-

type)

Conantokin-G
GEγγLQγNQγLIRγKS

N*
NMDAR (NR2B)

Contulakin-G
ZSEEGGSNATKKPY

IL

Neurotensin 

receptor

α-Vc1.1
GCCSDPRCNYDHP

EIC*
nAChR (α9α10)

χ-MrIA NGVCCGYKLCHOC
Norepinephrine 

transporter

Conotoxins



Research strategies to combat chronic pain

1.Are there better drug targets?

Dr Kelly Paton

Lipids

https://www.callaghaninnovation.govt.nz/


Research strategies to combat chronic pain

1.Are there better drug targets?

2.Can we make better drugs to existing targets?



The theory of biased agonism

Adapted from Bohn et al., 2018

No Signalling Bias = 1

Bias > 1Bias < 1
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No Signalling Bias = 1
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ANALGESIA

The theory of biased agonism



Sal A
EC50= 0.04 nM

κ /µ>4.0X10-6

Salvia divinorum

Prof. Tom Prisanzano

Dr Rachel Crowley

Sam Williamson

Herkinorin
EC50= 40 nM

κ/µ = 4.25

Kurkinorin
EC50= 1.2 nM

κ/µ <8,000

Bias = 0.57

Kurkinol
EC50= 0.03 nM

κ/µ <10,000

Bias = 0.14Crowley et al. J. Med. Chem. 2016

Novel mu-opioid agonists



G-protein biased mu-opioid agonists

Adapted from Bohn et al., 2018

No Signalling Bias = 1

Bias > 1Bias < 1

Kurkinorin
Bias = 0.57

Kurkinol
Bias = 0.14
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Amy Alder 

PhD student

Are our drugs better than morphine?



(n = 7-8 per group)
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Our drugs have reduced tolerance



Chemotherapy induced neuropathic pain
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Chemotherapy induced neuropathic pain

Days 0, 2, 4, & 6;

Paclitaxel injection 

(4 mg/kg/i.p)

Day 15;

Dose response

Day 37;

Mice sacrificed

Daily 

administration

Cold and mechanical allodynia 

(n = 6 per group)
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More potent than current medications

ED50 (mg/kg) ED80 (mg/kg)

Morphine 9.2 17.2

Gabapentin 2.5 4.45

Kurkinorin 9.2 16.8

Kurkinol 1.6 4.6

ID50 (mg/kg) ID80 (mg/kg)

Morphine 9.0 20.6

Gabapentin 1.7 3.5

Kurkinorin 14.8 30.6

Kurkinol 1.7 4.9
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Tolerance remains

(n = 6 per group)
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(n= 10-14 per group)
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Kurkinorin and Kurkinol have reduced abuse potential

Drug Vehicle



(n= 10-14 per group)
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Kurkinorin has no effect on respiration
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Summary
Bias Factor:  0.57 Bias Factor:  0.14

Respiratory 

Depression

Very Little 

change

Respiratory 

Depression



More complicated than just signalling bias 

Adapted from Bohn et al., 2018

No Signalling Bias = 1

Bias > 1Bias < 1

Kurkinorin
Bias = 0.57

Kurkinol
Bias = 0.14



Drug development pathway



Salvinorin A

16-Ethynyl SalA

EC50 = 0.030 ± 0.004 nM

EC50 = 0.019 ± 0.004 nM

Br

EC50 = 0.040 ± 0.010 nM

16-Bromo SalA

U50,488

Novel kappa opioid agonists
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Chemotherapy-induced neuropathic pain
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Do mixed opioid KOPr/DOPr agonists improve the side 

effect profile of selective KOPr agonists?

Ki [nM]

MOR-1 KOR-1 DOR-1

MP1104 0.021±
0.003

0.0064±
0.002

0.08± 0.019

U50,488 0.73±0.

32

MP1104

Váradi et al. ACS Chem Neurosci. (2015)

Receptor Binding: KOR>MOR>DOR 

Dr Susruta Majumdar

R. Uprety and

GW, Pasternak
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Conditioned Place Aversion

Atigari, et al. 2019 Neuropharmacology
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Mechanical allodynia

Chronic MP1104 treatment effects on CINP
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Morphine
ED50= 5 nM
Bias = 0.36

Fentanyl
ED50= 0.45 nM
Bias = 2.8

(2017)

• TRV130 (oliceridine) Trevena

• PZM21: Gai-biased MOPr

ligand 

Do G-protein biased opioid mu-opioid agonists 

make better, safer pain medicationsmedications?
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