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Sustained opioid exposure exacerbates chronic 

osteoarthritis-like pain via regionally-specific alterations in 

spinal dorsal horn neuronal network activity in female rats
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Opioids are effective short-term analgesics, but with limited 

long-term benefits and often severe adverse effects.

Opioid prescription for chronic pain, including osteoarthritis 

(OA), remains high1 despite mounting evidence that prior 

opioid-exposure worsens responses to subsequent painful 

injury2. The underlying mechanisms remain unknown.

The clinical impact of pain in greatest in females, who are also 

prescribed more opioid analgesics3. However, most 

mechanistic studies of opioids and pain use only male rodents.

Joint Pathology

Knee joints collected postmortem, fixed in 10% NBF, & scored for 

loss of proteoglycans, and synovitis as previously described4

Methods

Background Summary

Future Directions
Ongoing work uses targeted anatomical investigations via combined confocal/STORM super-resolution imaging to reveal underlying nanoscale changes in expression of opioid receptors and markers 

of synaptic strength and plasticity in identified cell types in regions identified in spinal multi-electrode array (MEA) recordings. Future work will employ interventions to disrupt morphine-induced 

priming of dorsal horn sensory networks and prevent exacerbation of subsequent responses to injury.

Results
1. Sustained morphine exposure exacerbates OA-like pain in female rats, without 

altering markers of knee joint pathology

Animals & Surgical Procedures

A) 2mg MIA induced weight bearing (WB) asymmetry in all 

female rats, but significantly greater asymmetry in 

morphine-treated animals (n=12/group)

B) 2mg MIA robustly decreased PWTs in rats treated with 

morphine, but not those treated with saline. 

C) % change in area under the curve (AUC) analysis of 

weight-bearing data in (A) confirmed exacerbated WB 

asymmetry in morphine/MIA vs both saline/MIA & 

saline/saline rats 

D) % change in AUC of PWT data in (B) confirmed no 

significant change in PWT in morphine/saline & saline/MIA 

vs saline/saline group, but significantly decreased PWTs in 

morphine/MIA rats 

E & F) Intra-articular injection of 2mg MIA produced similar 

significant loss of proteoglycans (E) and synovial 

inflammation (F), regardless of morphine treatment

Data are mean ± SEM. 

A, B, E, & F 2-way ANOVA with Tukey’s post-hoc testing

*p=0.05, **p<0.01, ****p<0.0001 vs saline/saline

# p<0.05, #### p<0.0001 vs morphine/saline

+ p<0.05, ++ p<0.01, +++ p<0.001 vs saline/MIA

C & D Kruskal Wallis test with Dunn’s post-hoc testing

**p<0.01, ****p<0.0001

Statistics

Data tested for normality via D’Agostino-Pearson or Shapiro-Wilk 

tests. Statistical comparisons made via 2-way ANOVA , 1-way 

ANOVA, or Kruskal-Wallis test as appropriate

1. Sustained morphine exposure exacerbated OA-like pain behaviour in female rats5, mimicking clinical findings.

2.  Microscopic analyses of joint pathology showed no differences in MIA-induced cartilage damage or synovitis, 

indicating a central mechanism underpinning exacerbated pain behaviour in morphine pre-treated rats.

3. Morphine elevated spinal expression levels of GFAP  & GluN2B at 3 weeks after injury, suggesting roles for spinal 

astrogliosis and plasticity in the priming of DH sensory networks by sustained morphine exposure.

4.  In vivo spinal recordings reveal significantly increased C fibre latency responses to supramaximal electrical stimuli in 

the intermediate dorsal horn, and increased wind-up in the intermediate and deep dorsal, indicating a potential locus 

of altered nociceptive activity in this model of opioid exposure and OA-like pain.

A & B) Spinal expression of astrocytic marker GFAP is 

elevated in the ipsilateral dorsal horn following sustained 

morphine exposure, irrespective of the model of OA-like 

pain 

C & D) Spinal expression of plasticity-associated NMDA 

receptor subunit GluN2B is slightly elevated in the 

ipsilateral dorsal horn following MIA treatment, but 

significantly elevated by sustained morphine exposure, 

irrespective of the model of OA-like pain 

Data are mean ± SEM, n=6/group. 

#p<0.05, ##p<0.01 effect of drug treatment, 2-way ANOVA

*p<0.05, ***p<0.001 Tukey’s post-hoc test. 
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C

D

Study Design

Animals: All procedures in accordance with Animals (Scientific 

Procedures) Act 1986/2012 & licensed by the UK Home Office.

Behavioural Assessment: Paw withdrawal thresholds (PWT) 

determined via application of von Frey hairs (vFH, 2-26g). Weight-

bearing (WB) asymmetry assessed via incapacitance tester.

 SD rats, ~8 weeks old (n=48)

             
Opioid exposure

morphine HCl (3mg-1kg-1mL-1)

or saline, s.c., twice daily 

Model of OA-like pain: Single intra-articular 

injection of MIA (2mg) or saline (50µL)

2mg/50µL

MIA

Aims  
1. Develop a model of opioid pre-exposure 

and exacerbated OA pain in female rats.

2. Probe the underlying mechanisms using in 

vivo spinal electrophysiology and ex vivo 

molecular and anatomical approaches 

MEA Recording

Stimuli                0.5, 1, & 5mA    5 x 2ms,  0.0167Hz

                              Wind-Up 5mA   20 x 2ms,  0.5Hz

Surgery: Spinal laminectomy performed to expose L5 spinal cord  

in anaesthetised rats (isoflurane: 3% induction, 2% surgery, 1.6% 

maintenance, O2 1L/min). Responses to electrical stimuli of 

hindpaw recorded via 16 electrode array inserted into dorsal horn 

(DH).

Western Blot

Lumbar ipsilateral dorsal horn quadrants were homogenised in RIPA 

buffer & probed for expression of β-actin (Sigma, A5441, 1:2000) & 

GFAP (Dako Z0334, 1:2000) or GluN2B (abcam, ab65783, 1:1000). 

Relative expression compared to β-actin was quantified via 

densitometry

A

B

C

D

E

F

Pain Behaviour Pathology

0 3 7 14 21

20

30

40

50

60

Study Day

%
 i
p

s
i/
to

ta
l

Weightbearing Asymmetry

MIA/Saline

bidaily morphine or saline (i.p.)

**** ***

++++

++ +

####

####
####

##

** *

-50

-25

0

25

50

% Change in WB

%
 c

h
a
n

g
e
 i
n

 W
B

 A
U

C
(v

s
. 
s

a
li
n

e
/s

a
li
n

e
)

✱✱

✱✱✱✱

✱✱

0

1

2

3

4

5

P
ro

te
o

gl
yc

an
 S

co
re

Loss of Proteoglycans

* #

-7 0 7 14 21

-6

-5

-4

-3

-2

-1

0

1

Study Day

Ip
s

il
a
te

ra
l 
P

W
T

 (
Δ

v
F

H
)

Change in Ipsilateral PWT

MIA/Saline

bidaily saline or morphine (i.p.)

++

####

+++

####

+

####

++

####

*

-200

0

200

400

600

% Change in PWT

%
 c

h
a
n

g
e

 i
n

 I
-P

W
T

 A
U

C
(v

s
. 
s

a
li
n

e
/s

a
li
n

e
)

✱✱✱✱

✱✱

0

1

2

3

4

5

Sy
n

o
vi

ti
s 

Sc
o

re

Synovitis

* #

saline/saline morphine/saline saline/MIA morphine/MIA

Spinal GFAP Spinal GluN2B2. Sustained morphine 

exposure elevates spinal GFAP 

& GluN2B expression

3. MEA analysis reveals region-specific alterations in sensory network activity & 

excitability in the intermediate & deep dorsal horn
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A) Heatmap showing temporal & spatial properties of 

spinal dorsal horn sensory network response to a 

single 5mA stimulus at time 0. 

Aβ =3-11ms, Aδ = 11-90ms, C = 90-300ms, PD = 300-

800ms

B) Sustained morphine exposure elevates spinal 

sensory network responses to noxious (5mA) electrical 

stimuli specifically in the intermediate dorsal horn

C) Schematic illustrating the wind-up stimulation 

protocol to evaluate short-term reversible plasticity in 

dorsal horn sensory networks

D) Opioid naïve animals with OA-like pain (saline/MIA) 

show reduced wind up across the whole DH compared 

to pain-free controls. In contrast, wind-up is enhanced 

when sustained morphine exposure is combined with 

OA-like pain (morphine/MIA)

E-G) Regional analyses show wind up is restricted to 

the intermediate and deep dorsal horn, occurring 

earlier and to a greater degree in the deep region

Data are mean ± SEM threshold crossings, n=6/group
B: *p<0.05 between treatment groups

       2-way ANOVA with Tukey’s post-hoc test. 

D-G: *p<0.05, **p<0.01 ***p<0.001,***p<0.0001 versus 1st stimulus 

           2-way ANOVA within group with Tukey’s post-hoc test. 

TU423


	Slide 1

