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1 | Background - UK 

• Opioid use = int’l public health 

problem (UNODC/WHO 2013) 

• UK heroin/morphine deaths 2011-15: 

• England & Wales: ↑ 102% (ONS, 

2016) 

• Scotland: ↑ 68% (NRS, 2016)  

• Take-home naloxone since 1996 (Bigg 

2002; Strang et al 1996) 

• 2014 WHO Guidelines 
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Source: goo.gl/QxHcRJ 
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1 | Overdose Deaths in the US  

 
Number of Deaths from (a) Prescription Opioids & (b) Heroin 

National Center for Health Statistics (2014). CDC Wonder. 
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WHO (2014). Community Management of Opioid Overdose. Geneva: WHO. 
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1 | Background 

• Opioid use = int’l public health 

problem (UNODC/WHO 2013) 

• UK heroin/morphine deaths 2011-15: 

• England & Wales: ↑ 102% (ONS, 

2016) 

• Scotland: ↑ 68% (NRS, 2016)  

• Take-home naloxone since 1996 (Bigg 

2002; Strang et al 1996) 

• 2014 WHO Guidelines 
 

But: Naloxone = injection 

• Risk of needle-stick injury 

• Training required; taboo to be 

overcome 

• Reticence about needle-and-syringe 

assembly and injecting 

• Public disquiet; professional inertia 

• Institutional inertia 
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1.1 | Identification of non-injectable routes 
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Strang, J., McDonald, R., Alqurshi, A., Royall, P., Taylor, D., & Forbes, B. (2016). Naloxone without the needle− systematic review of candidate 

routes for non-injectable naloxone for opioid overdose reversal. Drug and Alcohol Dependence, 163, 16-23. 

 



1.1 | Identification of non-injectable routes 

• Review of 112 FDA-recognized routes of drug 

administration (FDA, 1992) 

 

• Exclusion if the route… 

1. Involves injection or invasive procedure  

2. Requires medical training 

3. Is not acceptable in public (e.g., rectal) 

4. Does not produce adequate drug absorption 

5. Does not produce sufficiently rapid drug 

absorption relative to parenteral administration 
(Hertz, 2012) 
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Strang, J., McDonald, R., Alqurshi, A., Royall, P., Taylor, D., & Forbes, B. (2016). Naloxone without the needle− systematic review of candidate 

routes for non-injectable naloxone for opioid overdose reversal. Drug and Alcohol Dependence, 163, 16-23. 

 



1.1 | Identification of non-injectable routes 
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Nasal route most advanced 
(PubMed entries, clinical 

trials activity) 

Strang, J., McDonald, R., Alqurshi, A., Royall, P., Taylor, D., & Forbes, B. (2016). Naloxone without the needle− systematic review of candidate 

routes for non-injectable naloxone for opioid overdose reversal. Drug and Alcohol Dependence, 163, 16-23. 

 



1.2 | Why a KCL-Mundipharma collaboration? 

• Serendipitous discovery and retrieval of 2004 dataset 
of pharmacokinetic study conducted in US by Purdue 
• Original aim: assess abuse liability of oxycodone-

naloxone formulation 
• Healthy volunteers (n=12) 
• Latin square design:  

• 1mg IV vs. 16mg SL vs. 8mg IN vs. 16mg IN 

 
• Our aim: Suitability of nasal naloxone for OD reversal? 

• Darke & Duflou (2016): heroin OD death occurred within 
20-30 minutes of injecting in 43% of cases  

• Naloxone concentrated solutions 
• Naloxone absorption in first 30 minutes crucial 
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Mundin, McDonald et al. (submitted). Pharmacokinetics of concentrated naloxone nasal spray over first 30 minutes post-dosing: 

analysis of suitability for opioid overdose reversal. 

1.2 | New analysis of old data 
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Mundin, McDonald et al. (submitted). Pharmacokinetics of concentrated naloxone nasal spray over first 30 minutes post-dosing: 

analysis of suitability for opioid overdose reversal. 

1.2 | New analysis of old data 



17 

Mundin, McDonald et al. (submitted). Pharmacokinetics of concentrated naloxone nasal spray over first 30 minutes post-dosing: 

analysis of suitability for opioid overdose reversal. 

Tmax = 23 min 

 

1.2 | New analysis of old data 
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Mundin, McDonald et al. (submitted). Pharmacokinetics of concentrated naloxone nasal spray over first 30 minutes post-dosing: 

analysis of suitability for opioid overdose reversal. 

Tmax = 23 min 

 T50% = 7-8 min 

1.2 | New analysis of old data 



1.2 | New analysis of old data - conclusion 

• Key points: 

1. Feasibility of concentrated nasal naloxone for 

OD reversal 

2. Rapid absorption (Tmax and T50%) 

3. But: dose needs adjustment! 
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Mundin, McDonald et al. (submitted). Pharmacokinetics of concentrated naloxone nasal spray over first 30 minutes post-dosing: 

analysis of suitability for opioid overdose reversal. 



Injection-free Alternatives 

(2016) 

Krieter, P., Chiang, N., Gyaw, S., Skolnick, P., Crystal, R., Keegan, F., ... & Harris, J. (2016). Pharmacokinetic Properties and Human Use 

Characteristics of an FDA‐Approved Intranasal Naloxone Product for the Treatment of Opioid Overdose. The Journal of Clinical Pharmacology. 
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The new study 



2.1 | Development and study of a new naloxone nasal 

spray for overdose reversal 

24 
WHO (2011). IMAI district clinician manual: hospital care for adolescents and adults: guidelines for the management 

of illnesses with limited-resources. Geneva: WHO. 



2.2 | Methods: Randomised pharmacokinetic study 

• Design: open-label, 5-way crossover 

• Healthy volunteers (n=36) 

• Investigational site: Richmond Pharmacology 

• Highly concentrated naloxone (10, 20 mg/mL) 

• IN naloxone as 0.1ml in Aptar device 

• Treatment arms: 

• 1mg IN vs. 2mg IN vs. 4mg IN vs. 0.4mg IV   

vs. 0.4mg IM (reference) 

• Early uptake: intense blood sampling  0-15 min 
(+1, 2, 3, 4, 6, 8, 10, 12.5, 15 min) 

 

• Aims: 

1. Assess IN naloxone PK 

2. Compare early exposure vs. IM 
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3.1 | Key findings: Naloxone mean PK profile 
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3.1 | Key findings: Naloxone mean PK profile 
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3.2 | Key findings: Bioavailability 

34 

Ratio (%) 

90% CI (lower, upper) 
 

IN 1 mg IN 2 mg IN 4 mg 

Absolute 

Bioavailability 

IN : IV* 

50 

(44.6, 56.6) 

47 

(41.7, 52.6) 

48 

(43.3, 53.5) 

Relative 

Bioavailability 

IN : IM** 

51 

(45.2, 57.1) 

47 

(41.7, 53.5) 

48 

(43.2, 54.1) 

*IV 0.4 mg used as the reference treatment for the comparison 

**IM 0.4 mg used as the reference treatment for the comparison 

 



3.2 | Key findings: Bioavailability 
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Ratio (%) 

90% CI (lower, upper) 
 

IN 1 mg IN 2 mg IN 4 mg 

Absolute 

Bioavailability 

IN : IV* 

50 

(44.6, 56.6) 

47 

(41.7, 52.6) 

48 

(43.3, 53.5) 

Relative 

Bioavailability 

IN : IM** 

51 

(45.2, 57.1) 

47 

(41.7, 53.5) 

48 

(43.2, 54.1) 

*IV 0.4 mg used as the reference treatment for the comparison 

**IM 0.4 mg used as the reference treatment for the comparison 

 

 IN = 50% X 2 X 2mg IM = 100% X 5 X 0.4mg 



3.3 | Key findings: Simulation of 2nd dose 
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3.3 | Key findings: Simulation of 2nd dose 
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3.3 | Key findings: Simulation of 2nd dose 
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IN Naloxone 2mg given at 
0 and 3 mins 

IM Naloxone 0.4 mg given 
every 3 mins x 5 doses 
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4 | Implications for next studies 

• Advantages and disadvantages of different curves:  

• 2mg IN dose gives speed of onset comparable to 0.4mg IM 

through the first 10 minutes – looks suitable for OD reversal?  

• 2mg IN ongoing plasma levels for the next 2 hours at twice 

the level maintained by the IM dose – reduces risk of rebound 

toxicity? 

 

• Is IN dose titration possible, similar to IM (see 

simulation)? 

 

• The extra factor: time to naloxone administration? 
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4 | Future clinical practice & policy 

 

1) Is a 2mg/0.1mL naloxone nasal spray a viable 

alternative to 0.4mg IM injection? 

2) Will nasal naloxone produce a better medium-term 

naloxone taper? 

3) Will clinicians and policymakers find it easier to 

introduce IN naloxone? 
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  Thank you    

   

Photo credit: https://www.theguardian.com/world/picture/2016/oct/21/eyewitness-london-uk 


