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Relevance to Military Nursing

Military nurses share the responsibility for
addressing the critical need to identify novel pain
therapeutics for our veterans and service members.

It is important for our nurses to be aware of the
preclinical data that has potential to be implemented
into clinical nursing practice in the near future.

Military nurses may also be involved in the clinical
research to be conducted based upon the available
preclinical data. Possessing a better understanding
of the preclinical data will assist in the design and
implementation of the clinical research.

Methods

-Animals: C57BL/6J mice, age 8-12 weeks,
obtained from Jackson lab

-Measurement of basic nociception:
Latency (seconds) for a healthy
animal to respond to hot thermal
pain stimulus, on hot plate set to 50°C

-Measurement of mechanical
sensitivity: Paw withdrawal threshold of the affected
paw using von Frey filaments and the classic up-
down method

-Measurement of thermal sensitivity: Latency for
the animal to respond to a hot thermal pain stimulus
focused on the affected paw (Hargreaves’ method)

-Localized inflammatory pain was induced via
injection of λ-carrageenan (25mg, 0.02ml)
subcutaneously into the plantar region of the hind
paw

All procedures were approved by the USUHS IACUC

Conclusions

• (2R,6R)-HNK produces delayed yet persistent
antinociception in healthy mice with onset
approximately 10 hours and duration >24 hours

• Both the initiation and expression of (2R,6R)-
HNK mediated antinociception at 24 hours following
treatment is dependent upon AMPA and not opioid
receptors

• (2R,6R)-HNK mediated antinociception in
healthy mice possesses an inverse dose response
curve in both sexes while a wider dose range is
effective in female compared to male mice

• (2R,6R)-HNK reverses mechanical allodynia
associated with localized inflammatory pain with
onset < 1 hour and duration > 24 hours

• (2R,6R)-HNK doses of 10 and 30 mg/kg are
effective in reversing inflammatory pain induced
mechanical allodynia in male mice at both 1 hour
and 24 hours following treatment

• (2R,6R)-HNK reversed mechanical allodynia
associated with inflammatory pain with a similar
treatment profile effect to that of the NSAID
carprofen

Results

* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001

(2R,6R)-HNK produces delayed yet persistent antinociception 
in healthy mice 

Female

(2R,6R)-HNK (10 mg/kg) increases latency for male (n=30, 2-way ANOVA, treatment x time

interaction F(4,232)=4.28, p=0.0023) and female (n=36, 2-way ANOVA, treatment x time interaction F(4,280)=3.884,

p=0.0044) mice to respond to thermal pain stimulation 24 hours after administration.

Male

Doses of 10-30 mg/kg produce 
antinociception 24 hours after treatment

Female

(2R,6R)-HNK 
at doses of 10-
16 mg/kg in 
males (n=10-12, 
one way ANOVA, 
F(7.76)=4.796, 
p=0.0002) while a 
wider dose 
range of 10-30 
mg/kg in 
females (n=17, 
one way ANOVA, 
F(6,112)=6.078, 
p<0.0001) 
produces 
antinociception 
compared to 
saline control 
24 hours 
following 
administration.

Male

Initiation of (2R,6R)-HNK mediated antinociception is mediated 
by AMPA and not opioid receptors 

Pretreatment with NBQX (AMPA receptor antagonist) blocked (2R,6R)-HNK
mediated antinociception at 24 hours following treatment (n=12, 2-way ANOVA, pretreatment x

treatment interaction F(1,58)=4.592, p=0.0363) while naltrexone (non-specific opioid receptor
antagonist) pretreatment did not (n=12, 2-way ANOVA, treatment effect only).

Treatment Treatment

Expression of (2R,6R)-HNK mediated antinociception is also 
mediated by AMPA and not opioid receptors 

NBQX given 24 hours following treatment (30 minutes prior to hot plate
measurement) blocked (2R,6R)-HNK mediated antinociception at 24 hours (n=12,

2-way ANOVA, treatment x posttreatment interaction F(1,58)=4.592, p=0.0363) while naltrexone did not (n=12,

2-way ANOVA, treatment effect only).

(2R,6R)-HNK reverses mechanical allodynia associated with 
localized inflammatory pain

Female

(2R,6R)-HNK reverses mechanical allodynia associated with localized
inflammatory pain in male (n=12, 2-way ANOVA, treatment x time interaction F(4,88)=6.912, p<0.0001) and
female (n=12, 2-way ANOVA, treatment x time interaction F(4,88)=3.207, p=0.0166) mice.

Male

10 & 30 mg/kg doses reverse mechanical 
allodynia

24 Hours after treatment

(2R,6R)-HNK at 
doses of 10 and 
30 mg/kg 
reverses 
mechanical 
allodynia 
associated with 
localized 
inflammatory 
pain compared 
to saline control 
as early as 1 
hour (n=10-16, one 
way ANOVA, 
F(4,55)=12.44, p<0.0001)

with duration    
> 24 hours (n=10-
16, one way ANOVA, 
F(4,55)=21.16, p<0.0001) 
after treatment 
in male mice.

1 Hour after treatment 

(2R,6R)-HNK provides inflammatory pain 
reduction comparable with NSAID 

(2R,6R)-HNK reverses mechanical allodynia
associated with localized inflammatory pain with a
similar treatment profile to that of the NSAID
carprofen (n=11-12, 2-way ANOVA, treatment x time interaction

F(6,96)=6.293, p<0.0001).

Introduction
Nearly 2/3rd of U.S. veterans report experiencing

pain in the past three months.1 Over 9% of them
report their pain to be severe,1 resulting in significant
pain-related limitations to
work capability and social
life. Military nurses share
responsibility for
addressing the critical
need to identify novel pain
therapeutics for our
veterans and service members.

(2R,6R)-hydroxynorketamine (HNK) is a ketamine
metabolite that appears to share some of ketamine’s
therapeutic potential2,3 while lacking the negative
side effects of the parent drug.3-5 We hypothesize
(2R,6R)-HNK provides pain reduction and enhances
opioid based pain treatment.
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