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INTRODUCTION 

The PACKMaN trial is a multi-centre, pragmatic, controlled, blinded trial investigating if 

ketamine is superior to morphine at reducing pain in adults with severe pain due to acute 

traumatic injury. 

The investigational medicinal products are ketamine 15mg/ml solution for injection (2ml 

ampoules containing 1ml) and morphine 10mg/ml solution for injection (2ml ampoules 

containing 1ml). All investigational medicinal products are manufactured according to EU 

GMP and labelled according to Annex 13 guidelines in a trial-specific way.  

  



PACKMaN Trial: IMP Dossier 

Version: 1.1 (16 October 2020) 

Page 5 

A. KETAMINE 15MG/ML (2ML AMPOULES CONTAINING 

1ML)  

 

S  DRUG SUBSTANCE 

 

Ketamine hydrochloride Ph. Eur. is manufactured by CU Chemie Uetikon GmbH. 

CU Chemie Uetikon GmbH hold a Certificate of Suitability for the manufacture of Ketamine 

Hydrochloride, No. R1-CEP 2005-281-Rev 00 (refer to Attachment 2). 

Name of holder: 

CU CHEMIE UETIKON GMBH 

Raiffeisenstrasse 4 

Germany-77933 Lahr 

 

Site of production: 

CU CHEMIE UETIKON GMBH 

Raiffeisenstrasse 4 

Germany-77933 Lahr 

 

 

 

P INVESTIGATIONAL MEDICINAL PRODUCT UNDER 

TEST 

 

P.1 Description and Composition 

The product contains Ketamine hydrochloride as the active pharmaceutical ingredient, in 

aqueous solution at a concentration of 17.4mg in 1ml, equivalent to 15mg per 1mL of 

Ketamine base. The product is presented as a sterile, clear, colourless solution as below. 

KET01 -  1mL in a 2mL Type 1 glass ampoule  

One 1mL dose of Ketamine 15mg/mL Solution contains the following: 

Component Function Amount in 5mL Ref to Std 

Ketamine hydrochloride Therapeutic agent 17.4mg+ Ph. Eur 

Sodium Chloride Osmotic agent 9mg Ph. Eur 

Distilled water Solubiliser, Vehicle To 1mL Ph. Eur 

+ = adjusted for purity and loss on drying 
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P.2 Pharmaceutical Development 

P.2.1 Formulation Development 

Ketamine hydrochloride is commonly used in injections and infusions (ref Katalar PL 

00057/0529) due to the increased aqueous solubility over Ketamine base. Sodium chloride is 

required as an osmotic agent for injections. 

 

P.2.2. Overages 

No overages have been applied to the product. The amount of Ketamine hydrochloride is 

adjusted for the hydrochloride salt and the potency of the batch of material (purity by assay 

and water content) to provide a dose of Ketamine base in the solution at 15mg in 1mL. 

 

P.2.3. Physicochemical and biological properties 

Ketamine is a cyclohexanone derivative with analgesic and anesthetic properties. Although 

its mechanism of action is not well understood, ketamine appears to exert complex 

pharmacological actions including inhibition of biogenic amine uptake, binding to opioid 

receptors, and inhibition of N-methyl D-aspartate (NMDA) receptors. Because of the 

involvement of spinal NMDA receptors in the process of central sensitization, this agent may 

reduce pain perception and induce sedation. 

(https://ncit.nci.nih.gov/ncitbrowser/ConceptReport.jsp?dictionary=NCI_Thesaurus&ns=NCI

_Thesaurus&code=C61797) 

 

P.3 Manufacture 

P.3.1 Manufacturer(s) 

The manufacture of the ampoules will be carried out by: 

Calderdale and Huddersfield NHS Foundation Trust trading as Huddersfield 

Pharmacy Specials (HPS) 

Manufacturing site: Acre Mills, Gate 2, School Street West, Lindley, Huddersfield, 

HD3 3ET, UK 

MIA(IMP) Authorisation: MIA(IMP) 19055 

A copy of the MIA (IMP) authorisation has been included as part of this submission 

(Attachment 1). 

 

 

  

https://ncit.nci.nih.gov/ncitbrowser/ConceptReport.jsp?dictionary=NCI_Thesaurus&ns=NCI_Thesaurus&code=C61797
https://ncit.nci.nih.gov/ncitbrowser/ConceptReport.jsp?dictionary=NCI_Thesaurus&ns=NCI_Thesaurus&code=C61797
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P.3.2 Batch Formula 

Batch size: Approximately 2 litres of solution will be prepared per batch.  

1 litre contains: 

 

Excipient  Amount 

Ketamine hydrochloride 17.2952g 

Sodium Chloride 9.0g 

Water for injection q.s.1L 

 

 

P.3.3 Description of Manufacturing Process and Process Controls 

Description 

1. Add water for injection to the main vessel 

2. Add the Ketamine hydrochloride and mix until dissolved 

3. Add the sodium chloride and mix until dissolved 

4. Make to volume with water for injection 

5. Record the pH 

6. Fill into ampoules 

7. Sterilise by autoclave 

Flow chart 

 

Sterile Manufacture  
 

   
In Process Controls 

 

Environment 

 

  The Excipient and API are weighed Check of balance Grade C 

  ↓   

  Dissolution of API in WFI Visual check dissolved Grade C 

  ↓   

  Dissolution of exipient in WFI Visual check dissolved Grade C 

  ↓   

  Make to Volume in WFI Visual volume check Grade C 

  ↓   

  Verify pH is in range 4.0 – 5.0 Check of pH meter Grade C 

  ↓   

  Dissolution of exipient in WFI Visual check dissolved Grade C 

  ↓   

  Sterile filtration 0.2 µm 

Pre-filtration bioburden 

(<10cfu/100 ml) 

Filter integrity test 

Grade A  

  ↓   

  Dispensing 
Filling weight 

(1.3mL ± 0.1mL per 
Grade A 
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ampoule)* 

  ↓   

  Terminal sterilisation Check of cycle printout  

     

  Visual inspection Visual inspection  

  ↓   

  Bulk Packaging   

 

 

P.3.4 Control of Critical Steps and Intermediates 

No critical steps have been identified in the manufacturing process.  

A visual check of the solution is performed after mixing to ensure full dissolution of the 

API/excipient prior to continuation to the next step. 

The pH of the final solution is checked to verify that it is within the required range of pH4.0 – 

5.0 

P.3.5 Process Validation and/or Evaluation 

Process Validation is not required at this stage of the application. 

The method of sterilization by autoclave cycle has been fully validated for the proposed 

container closure system. Sterility is assured by QC evaluation of the Drug Product as per 

pharmacopoeia. 

P.4 Control of Excipients 

P.4.1 Specifications 

Water for Injection in bulk is produced by the drug product manufacturer by distillation. The 

water system is qualified and monitored on a scheduled basis in accordance with EU GMP 

and the Ph. Eur. 

 

Excipient Reference to standard 

Sodium Chloride Ph Eur 

 

 

P.4.5 Excipients of Animal or Human Origin 

Excipients are not derived from animal sources and hence there is no BSE/TSE risk regarding 

the used materials. 

 

P.4.6 Novel Excipients 

Not applicable 
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P.5 Control of the Drug Product 

P.5.1 Specifications 

Test Method Acceptance Criteria 

Examination Visual Inspection 

A clear, colourless to pale yellow 

solution free from particulate 

contamination 

pH BP Appendix V L  (Ph Eur 2.2.3) 3.5 – 5.5 

Identification of 

Ketamine 

HPLC (Assay of Ketamine and 

Known/Unknown Related 

substances) 

 

BP Appendix III D (Ph Eur 2.2.29) 

1. Retention time comparison 

with a reference standard 

2. UV Spectral Comparison with 

a reference standard 

Assay of 

Ketamine 
14.25 – 15.75mg/mL 

Known/Unknown 

Related 

Substances 

Not greater than 0.5% wrt API 

With not more than one >0.25% 

wrt API 

Total 

Known/Unknown 

Related 

Substances (%wrt 

API) 

Not greater than 1.0% wrt API 

 

Sterility Test BP Appendix XVI A (Ph Eur 2.6.1) Pass 

BET BP Appendix XIV C (Ph Eur 2.6.14) <17.0 EU/mg 

Sub-visible 

particle count 
BP Appendix XIII A (Ph Eur 2.9.19) 

10µm ≤6000/container 

25µm ≤600/container 

 

 

P.5.2 Analytical Procedures 

Ph. Eur. and BP methods are used throughout with the following exception. 

 

Assay of Ketamine hydrochloride, known and unknown related substances by HPLC-UV 

 

Note with respect to the HPLC method 

 In the future, chromatographic conditions may be adjusted to attain or optimize system 

performance and suitability.  Equivalent chromatographic columns and related equipment 
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may be substituted if found suitable.  Quantities proportionally larger or smaller than the 

specified weights and volumes of samples, standards, and reagents may be used.  Subsequent 

steps, such as dilution, may be adjusted accordingly to yield concentrations equivalent to 

those specified.  As required, calculation of results may be corrected to account for changes 

in weights and/or volumes.  However, changes to the method may only be incorporated after 

successful completion of the applicable validation. 

 

 

Equipment: A suitable HPLC system fitted with a Diode Array UV detector. 

 

 

Chromatographic conditions: 

 

Column  ACE Excel 3 Super C18 125 x 4.6 mm, Part number: EXL-1111- 

   1246u 

Mobile phase Dissolve 1.36 g potassium dihydrogen phosphate in 650mL water and 

add 1 mL triethylamine and 350 mL acetonitrile. Mix well and sonicate 

for 10 minutes before use. 

Flow Rate  1.5 mL/min 

Sample volume 15 uL 

Oven Temperature 40ºC 

UV Wavelength 248 nm 

Run Time  13 minutes for standards and 30 minutes for samples 

Peak width  0.5 

Bandwidth  1 

Wash Solvent  50% Methanol 

 

Run mobile phase for at least 15 minutes to allow column to equilibrate.  

 

Preparation of Calibration Standard Solution:  

Weigh accurately 0.15 - 0.19 g of ketamine hydrochloride reference standard into a 50 mL 

volumetric flask and dissolve in water, dilute to volume with water.  

 

To be prepared in duplicate to provide a recovery standard 

 

Preparation of Test Sample Solution (0.3%w/v): 

Add by pipette 2.0 mL of well mixed sample into a 10 mL volumetric flask and dissolve in 

water. Dilute to volume with water and mix well. 

 

Preparation of 0.5% Limit Test Solution:  

Dilute 1.0mL of Calibration Standard Solution to 200mL with water.  

 

Preparation of 0.25% Limit Test Solution: 

Dilute 5.0mL of 0.5% Limit Test Solution to 10mL with water.  

 

Preparation of 0.1% Limit Test Solution:  

Dilute 2.0mL of 0.5% Limit Test Solution to 10mL with water.  

 

Analytical Solution Stability:  

Standard solutions are stable for 21 days when stored at ambient temperature. 
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Calculations  

 

All standard weights are corrected for purity  

A factor is shown in each calculation to convert to the correct salt form. 

 

Corrected standard weight for Ketamine (mg/mL) = 

Standard weight x 1000 x Purity x 237.7 

50 x 100 x 274.2 

Calculation of Ketamine =  

Corrected Standard weight x area ketamine in sample x 100  =  mg/mL ketamine 

Area ketamine in std 

Calculation of Ketamine Related Substances = 

Corrected Standard weight x area related substance in sample x 1000 =  %w/v ketamine 

Area ketamine  in std  x 5 

 

 

The expected retention time for each analyte is below: 

 

Component Approx. Retention Time 

Ketamine 9.3 mins 

Impurity A 10.3 mins 
 

Figure P.5.2.1: Chromatogram of atypical Calibration Standard injection 
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Figure P.5.2.2: Chromatogram of a typical test sample injection: 

 
 

Figure P.5.2.3 Baseline scaled chromatogram of a spiked sample demonstrating the retention 

time of known impurity. 

 
 

P.5.3 Validation of Analytical Procedures 

The validation of analytical procedures is not required as they are taken from the European 

Pharmacopeia and British Pharmacopeia, if not stated otherwise below. 

 

Parameter/Assessment Acceptance criteria Result 

Specificity • The peak due to Ketamine hydrochloride must be 

free from interference 

• The minimum resolution between Ktamine 

hydrochloride and any other peak must be >1.5. 

• Peak purity of Ketamine hydrochloride in all 

unadulterated samples should be between 98.0 – 

102.0 % of the standard. 

• The UV spectra of Ketamine hydrochloride must 

be concurrent between sample and standard. 

Specificity confirmed 

Linearity 

(Samples of Ketamine 

hydrochloride at 0.05-

120%) 

Correlation Co-efficient R2 >99.9% R2 = 100.00 

 

Accuracy Recovered amounts should be as below: Accuracy confirmed for 
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(spiked samples 0.05, 

80, 100 and 120%; 6 

repeats) 

At 0.05%, 0.1%, within 85.0 – 115.0% 

At 1.0% within 90.0 – 110.0% 

At 80,100, 120% - within 98.0-102.0%  

Ketamine hydrochloride 

Precision (repeatability) 

a) 6 replicates tested 

in duplicate,  

b) 10 repeats of same 

sample  

 

a) %RSD ≤2.0 

 

b) %RSD ≤1.0 

 

a) 0.8%RSD 

 

b) 0.1%RSD 

 

Limit of Detection and Quantification of Ketamine hydrochloride 

Ketamine can be easily quantified at 0.05% of nominal concentration. Signal:Noise Ratios 

below are taken from the accuracy solutions at 0.05% which is below the reporting threshold 

of the specification. 

Identification 
Signal to noise ratio 

Mean 
Injection 1 Injection 2 Injection 3 

0.05% accuracy 1 10.3 11.3 11.3 

11.5 0.05% accuracy 2 12.3 10.3 11.0 

0.05% accuracy 3 11.3 12.2 13.1 

Acceptance Criteria: >10 

All acceptance criteria met. 

 

Intermediate Precision is not required at this stage of the application. 

 

P.5.3.1 Validation of the Test for Bioburden 

Not required at this stage of the application. 

 

P.5.3.2 Validation of the Test for Sterility 

The method validation report has been included as Attachment 5. 

 

P.5.3.3 Validation of the Test for Bacterial Endotoxins 

The method validation report has been included as Attachment 6. 
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P.5.4 Batch Analysis 

The below batch is representative of a batch intended for use in the proposed clinical trial. 

Test 

Batch no: 300218X 

Manufacturing Date: 18Feb2020 

Batch size: 2.5L (567 units sub batch) 

Acceptance Criteria Result 

Examination 
A clear, colourless to pale yellow solution 

free from particulate contamination 
Complies 

pH 3.5 – 5.5 4.5 

Identification of 

Ketamine 

1. Retention time comparison with a 

reference standard 

2. UV Spectral Comparison with a 

reference standard 

1. Complies 

 

2. Complies 

Assay of Ketamine 14.25 – 15.75mg/mL  

Known/Unknown 

Related Substances 

Not greater than 0.5% wrt API 

With not more than one >0.25% wrt API Complies 

Total 

Known/Unknown 

Related Substances 

(%wrt API) 

Not greater than 1.0% wrt API 

 
Complies 

Sterility Test Pass Pass 

BET <17.0 EU/mg  

Particle counts 
10µm ≤6000/container 

25µm ≤600/container 

9.1 

0.4 

 

 

P.7 Container Closure System 

Primary Packaging  

2ml Type 1  Fiolax clear Form D glass ampoules according to Ph. Eur. 3.2.1. 

 

P.8 Stability 

Storage Conditions: 

Store in a dry place. Protect from light. 
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Shelf-life: 

Based on historical data of existing ketamine products an initial expiry of 12 months will be 

assigned for Ketamine 15mg/mL in 2mL glass ampoules containing 1.2mL with a rolling 

program to extend the shelf-life to 18 months (for subsequent batches) from data available via 

an ongoing stability study plan (see ‘Shelf-life Extension Program’ below). 

The preparation is to be used immediately after opening so no in-use stability data will be 

presented. 

Samples from three batches of ampoules will be included in a supporting ongoing stability 

study program with analysis performed as described below. Data from this study will be 

reviewed at each time point to verify the predicted shelf life of 18 months. 

 

Stability control  

The stability study protocol has been designed to provide assurance of ongoing stability: 

Product Code KET01S Batch number 300218X DOM 18Feb2020 

Product Name Ketamine injection 

Strength 15mg/mL Pack size 1mL in 2mL ampoule 

Aim of Study 

Development batch to perform stability study in support of Packman Clinical Trial C013 

Duration of Stability Study 18M 

Timepoints required 0,1,2,3,6,9,12,14,18M 

Storage Condition(s) 25°C/60%RH, 30°C/65%RH, 40°C/75%RH  

 

Testing Requirements 

Test Description  

(a) Physical (appearance) 

(b) pH 

(c) Assay of Ketamine and Related Substances 

(d) Sterility 

(e) Particle Counts 

(f) Bacterial Endotoxins 

 

Timepoints No. of samples to pull (testing requirements in brackets) 
 

 T=0 1M 2M 3M 6M 9M 12M 14M 18M 

5°C  

 

97 

(a – f) 

        

25°C   12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c) 82 (a-e) 

30°C   12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c)   

40°C 12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c)     

 

Specifications are as stated in P.5.1 
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Shelf-life Extension Program 

 

The initial 12 months expiry may be extended during the Clinical Trial based on the results of 

the stability study performed on a test batch. In the extension, extrapolation will be used 

requiring real-time data of ketamine assay and degradation products before an expiry is set as 

follows: 

 

Real-time stability data available Proposed shelf-

life 

3 months at accelerated conditions (40°C/75%RH) 12 months 

14 months at ambient temperatures (25°C/60%RH) 14 months 

18 months at ambient temperatures (25°C/60%RH) 18 months 

 

The specification used will be the same as the Release analysis. Shelf-life will not be 

extended if the trend analysis performed according to ICH Q1E shows that the specification 

at the end of shelf-life is not met.  

 

Stability results available at the time of submission are included in Attachment 9. 
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B. MORPHINE 10MG/ML (2ML AMPOULES CONTAINING 

1ML) 

 

S DRUG SUBSTANCE 

 

Morphine sulfate Ph. Eur. is manufactured by Johnson Matthey, now known as 

MACFARLAN SMITH LIMITED GB EH11 2QA Edinburgh. 

 

Johnson Matthey manufacture Morphine sulfate Ph. Eur. in accordance with EDQM 

Certificate of Suitability No. R1-CEP 2001-239-Rev 06, a copy of which is included in the 

application (Attachment 3). 

 

 

P INVESTIGATIONAL MEDICINAL PRODUCT UNDER 

TEST 

 

P.1 Description and Composition 

The product contains Morphine sulfate as the active pharmaceutical ingredient, in aqueous 

solution at a concentration of 10mg in 1ml. The product is presented as a sterile, clear, 

colourless solution as below. 

MOR19S -  1mL in a 2mL Type 1 glass ampoule  

One 1mL dose of Morphine sulfate 10mg/mL solution contains the following: 

Component Function Amount in 5mL Ref to Std 

Morphine sulfate Therapeutic agent 10mg+ Ph. Eur 

Sodium Chloride Osmotic agent 9mg Ph. Eur 

Disodium edetate Chelating agent 1mg Ph. Eur 

Distilled water Solubiliser, Vehicle To 1mL Ph. Eur 

+ = adjusted for purity and loss on drying 
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P.2 Pharmaceutical Development 

Morphine sulfate is commercially available as an injection in various strengths and pack 

sizes. It was originally licenced by Bristol Laboratories Limited and a number of generic 

equivalents are available. 

 

Morphine is one of a group of medicines called opioid analgesic, which act at specific points 

in the brain and nervous tissue to alter the patient’s sensitivity to pain. 

P.3 Manufacture 

P.3.1 Manufacturer(s) 

The manufacture of the ampoules will be carried out by: 

Calderdale and Huddersfield NHS Foundation Trust trading as Huddersfield 

Pharmacy Specials (HPS) 

Manufacturing site: Acre Mills, Gate 2, School Street West, Lindley, Huddersfield, 

HD3 3ET, UK 

MIA(IMP) Authorisation: MIA(IMP) 19055 

A copy of the MIA(IMP) authorisation has been included as part of this submission 

(Attachment 1). 

P.3.2 Batch Formula 

Batch size: Approximately 2 litres of solution will be prepared per batch.  

1 litre contains: 

 

Excipient  Amount 

Morphine sulfate 10.0g 

Sodium Chloride 9.0g 

Disodium edetate 1.0g 

Distilled water q.s.1L 
 

 

P.3.3 Description of Manufacturing Process and Process Controls 

Description 

1. Add water for injection to the main vessel 

2. Sparge the vessel with nitrogen throughout 

3. Add the Morphine Sulfate and mix until dissolved 

4. Add the sodium chloride and mix until dissolved 

5. Add the disodium edetate and mix until dissolved 

6. Make to volume with water for injection 

7. Record the pH 

8. Fill into ampoules 

9. Sterilise by autoclave 
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Flow chart 

 

Sterile Manufacture  
 

   
In Process Controls 

 

Environment 

 

  The Excipient and API are weighed Check of balance Grade C 

  ↓   

  Nitrogen sparge throughout Check for bubbles/flow meter reading Grade C 

  ↓   

  Dissolution of API in WFI Visual check dissolved Grade C 

  ↓   

  Dissolution of exipient in WFI Visual check dissolved Grade C 

  ↓   

  Make to Volume in WFI Visual volume check Grade C 

  ↓   

  Verify pH is in range 4.0 – 5.0 Check of pH meter Grade C 

  ↓   

  Dissolution of exipient in WFI Visual check dissolved Grade C 

  ↓   

  Sterile filtration 0.2 µm 
Pre-filtration bioburden (<10cfu/100 ml) 

Filter integrity test 
Grade A  

  ↓   

  Dispensing 
Filling weight 

(1.3mL ± 0.1mL per ampoule)* 
Grade A 

  ↓   

  Terminal sterilisation Check of cycle printout  

     

  Visual inspection Visual inspection  

  ↓   

  Bulk Packaging   

 

 

P.3.4 Control of Critical Steps and Intermediates 

No critical steps have been identified in the manufacturing process.  

A visual check of the solution is performed after mixing to ensure full dissolution of the 

API/excipient prior to continuation to the next step. 

The pH of the final solution is checked to verify that it is within the required range of pH4.0 – 

5.0 

P.3.5 Process Validation and/or Evaluation 

Process Validation is not required at this stage of the application. 

The method of sterilization by autoclave cycle has been fully validated for the proposed 

container closure system. Sterility is assured by QC evaluation of the Drug Product as per 

pharmacopoeia. 
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P.4 Control of Excipients 

P.4.1 Specifications 

Water for Injection in bulk is produced by the drug product manufacturer by distillation. The 

water system is qualified and monitored on a scheduled basis in accordance with EU GMP 

and the Ph. Eur. 

 

Excipient Reference to standard 

Sodium Chloride Ph Eur 

Disodium edetate Ph Eur 

 

 
 

P.4.5 Excipients of Animal or Human Origin 

Excipients are not derived from animal sources and hence there is no BSE/TSE risk regarding 

the used materials. 

 

P.4.6 Novel Excipients 

Not applicable 
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P.5 Control of the Drug Product 

P.5.1 Specifications 

Test Method Acceptance Criteria 

Examination Visual Inspection 

A clear, colourless to pale yellow 

solution free from particulate 

contamination 

pH BP Appendix V L  (Ph Eur 2.2.3) 2.5 – 6.5 

Identification of 

Morphine sulfate 

HPLC (Assay of Ketamine and 

Known/Unknown Related 

substances) 

 

BP Appendix III D (Ph Eur 2.2.29) 

1. Retention time comparison 

with a reference standard 

2. UV Spectral Comparison with 

a reference standard 

Assay of 

Morphine sulfate 
9.5 – 10.5mg/mL 

Codeine 

(Impurity A) 
Not greater than 0.5%wrt API 

Any other single 

Known Related 

Substance 

Not greater than 0.2% wrt API 

Any other single 

Unknown Related 

Substance 

Not greater than 0.2% wrt API 

Total 

Known/Unknown 

Related 

Substances (%wrt 

API) 

Not greater than 2.0% wrt API 

 

Sterility Test BP Appendix XVI A (Ph Eur 2.6.1) Pass 

BET BP Appendix XIV C (Ph Eur 2.6.14) <17.0 EU/mg 

Sub-visible 

particle count 
BP Appendix XIII A (Ph Eur 2.9.19) 

10µm ≤6000/container 

25µm ≤600/container 
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P.5.2 Analytical Procedures 

Ph. Eur. and BP methods are used throughout except where specified below: 

 

Assay of Morphine sulfate, known and unknown related substances by HPLC-UV 

 

Note with respect to the HPLC method 

 In the future, chromatographic conditions may be adjusted to attain or optimize system 

performance and suitability.  Equivalent chromatographic columns and related equipment 

may be substituted if found suitable.  Quantities proportionally larger or smaller than the 

specified weights and volumes of samples, standards, and reagents may be used.  Subsequent 

steps, such as dilution, may be adjusted accordingly to yield concentrations equivalent to 

those specified.  As required, calculation of results may be corrected to account for changes 

in weights and/or volumes.  However changes to the method may only be incorporated after 

successful completion of the applicable validation. 

 

Equipment: A suitable HPLC system fitted with a Diode Array UV detector. 

 

Analytical column : Ace Excel  5 super C18 250 x 4.6mm 

Chromatographic Conditions 

 

Mobile phase A (1L) 1.35g  sodium acetate trihydrate in water adjusted to pH 4.0 

with glacial acetic acid 

Mobile phase B  Acetonitrile 

Gradient  

Time (min)        0        0.5        6.0        7.5        8.0        10.0 

%B              7          7          20         20          7             7 

Flow Rate   1.5 mL/min 

Sample volume  50µL 

Oven Temperature  40ºC 

UV Wavelength  285 nm 

Diode Array Detector  190 – 380 nm   Bunchwidth  1 

Run Time   10 minutes 

Wash Solvent   50:50 water:methanol 

 

Preparation of Stock Standard Solution:  

Weigh accurately 0.095 - 0.105 g of Morphine Sulfate reference standard into a 100 mL 

volumetric flask and dissolve in water. Dilute to volume with water and mix well.  
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Preparation of Calibration Standard Solution:  

Pipette 5.0mL of stock standard solution into a 50 mL volumetric flask and dilute to volume 

with water.  

To be prepared in duplicate to provide a recovery standard. 

 

Preparation of a Test Sample Solution:  

Pipette 1.0 mL of well mixed sample into a 100 mL volumetric flask and dissolve in water. 

Dilute to volume with water and mix well.  

 

Preparation of a Limit Stock Solution:  

Pipette 5.0 mL of Calibration Standard Solution into a 100 mL volumetric flask and dilute to 

volume with water (5%) 

 

Preparation of 0.05% Limit Test Solution:  

Pipette 1.0mL of Limit Stock Solution into a 100 mL volumetric flask and dilute to volume 

with water.  

 

Preparation of a System Suitability Solution:  

Pipette 5.0 mL of stock standard solution into a 50 mL volumetric flask and add 2.0 mL of 10 

volume peroxide. Dilute to volume with water and mix well. Fill a HPLC vial with the 

solution and heat for 30 minutes at 80ºC. When cooled inject this solution.  

 

Analytical Solution Stability 

Standard solutions are stable for 42 days when stored at ambient temperature. 

 

Calculation of Amounts 

 

Morphine sulfate and related substances are quantified by external standard and single point 

calibration. Related substances are quantified relative to Morphine sulfate with the use of 

relative response factors. 

 

Corrected Std Weight = weight taken (g) x purity of standard 

100 

 

Morphine sulfate (%w/v) = Corrected std weight x Area Morphine sulfate in spl x 100 x 100 

Area Morphine Sulfate in std  x 1 
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Rel Subs (%w/v) = Corrected std weight x Area Rel Subs in spl x 100 x 100 x Factor 

Area Morphine Sulfate in std  x 1 

 

Results are calculated in %w/v, they can be converted to mg/mL using the following 

equation: 

Result (mg/mL) = Result (%w/v) x 100 

    1000 

 

Expected retention times: 

Component 

Retention time window/ 

Relative Retention Time 

(RRT) 

Relative Response 

Factor 

Morphine sulfate 4.1- 4.5 minutes  RRT 1.0 1.0 

Impurity A (codeine) 7.4 – 8.0 minutes RRT 1.8 1.0 

Impurity B (pseudomorphine) 3.2 – 3.5 minutes RRT 0.8 0.5 

Impurity C 6.7 – 7.2 minutes RRT 1.6 0.4 

Impurity E 4.4 – 4.7 minutes RRT 1.1 0.5 

Impurity F 5.0 – 5.5 minutes RRT 1.2 1.0 

 

 

Example chromatograms: 
 

 
Figure P.5.2.1 – Chromatogram of a typical injection of calibration standard solution 
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Figure P.5.2.2 – Chromatogram of a typical injection of test sample solution 

 

 
Figure P.5.2.3 – Chromatogram of an injection of morphine sulfate spiked with known impurities 

(baseline zoomed) 

 

 
Figure P.5.2.4 – Chromatogram of an injection of the system suitability solution demonstrating 

resolution between morphine sulfate and Impurity B (pseudomorphine) 
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P.5.3 Validation of Analytical Procedures 

The validation of analytical procedures is not required as they are taken from the European 

Pharmacopeia and British Pharmacopeia, if not stated otherwise below. 

 

Assay of Morphine sulfate and known/unknown related  substances by HPLC-UV 

 

Parameter/Assessment Acceptance criteria Result 

Specificity • The peak due Morphine sulfate must be free from 

interference 

• The minimum resolution between Morphine 

sulfate and any other peak must be >1.5. 

• Peak purity of Morphine sulfate in all 

unadulterated samples should be between 98.0 – 

102.0 % of the standard. 

• The UV spectra of Morphine sulfate must be 

concurrent between sample and standard. 

Specificity confirmed 

Linearity 

(Samples of Morphine 

sulfate at 0.05-120%) 

Correlation Co-efficient R2 >99.9% R2 = 100.00 

 

Accuracy 

(spiked samples 0.05, 

0.1, 1.0, 80, 100 and 

120%; 6 repeats) 

Recovered amounts should be as below: 

At 0.05%, within 70.0 – 130.0% 

0.1%, within 80.0 – 120.0% 

At 1.0% within 90.0 – 110.0% 

At 80,100, 120% - within 98.0-102.0%  

Accuracy confirmed for 

Morphine sulfate 

Precision (repeatability) 

c) 6 replicates tested 

in duplicate,  

d) 10 repeats of same 

sample  

 

c) %RSD ≤2.0 

 

d) %RSD ≤1.0 

 

c) 0.4%RSD 

 

d) 0.3%RSD 

Limit of Detection of 

Morphine sulfate 

S:N of approx. 10 0.025%, S:N 5.8 

Limit of Quantification 

of Morphine sulfate 

S:N of approx. 3 0.05%, S:N 10.5 

Intermediate precision is not performed at this stage of the application. 

 

P.5.3.1 Validation of the Test for Bioburden 

Not required at this stage of the application 

 

P.5.3.2 Validation of the Test for Sterility 

The validation report has been included as Attachment 7. 
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P.5.3.3 Validation of the Test for Bacterial Endotoxins 

The validation report has been included as Attachment 8. 

 

P.5.4 Batch Analysis 

The below batch is representative of a batch intended for use in the proposed clinical trial. 

 

Test 

Batch number 200217X 

Date of Manufacture 17Feb2020 

Batch size 2.5L (710 units sub batch) 

Acceptance Criteria Result 

Examination 

A clear, colourless to pale yellow 

solution free from particulate 

contamination 

Complies 

pH 2.5 – 6.5 4.6 

Identification of 

Morphine sulfate 

1. Retention time comparison 

with a reference standard 

2. UV Spectral Comparison 

with a reference standard 

Complies 

 

Complies 

Assay of 

Morphine sulfate 
9.5 – 10.5mg/mL 10.1mg/mL 

Codeine 

(Impurity A) 
Not greater than 0.5%wrt API 0.05%wrt API 

Any other single 

Known Related 

Substance 

Not greater than 0.2% wrt API Complies 

Any other single 

Unknown Related 

Substance 

Not greater than 0.2% wrt API Complies 

Total 

Known/Unknown 

Related 

Substances (%wrt 

API) 

Not greater than 2.0% wrt API 

 Complies 
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Sterility Test Pass Pass 

BET <17.0 EU/mg TBC 

Sub-visible 

particle count 

10µm ≤6000/container 

25µm ≤600/container 

28.5 

0.7 

 

 

 

P.7 Container Closure System 

Primary Packaging  

2ml Type 1  Fiolax clear Form D glass ampoules according to Ph. Eur. 3.2.1. 

 

P.8 Stability 

Storage Conditions: 

Store in a dry place. Protect from light. 

 

Shelf-life: 

Based on historical data of existing morphine products an initial 12 months expiry is set for 

morphine 10mg/mL in 2mL glass ampoules containing 1mL with a rolling program to extend 

the shelf-life to 18 months (for subsequent batches) from data available via an ongoing 

stability study plan (see ‘Shelf-life Extension Program’ below). 

The preparation is to be used immediately after opening so no in-use stability data will be 

presented. 

Samples from one batch of ampoules will be included in a supporting ongoing stability study 

program with analysis performed as described below. Data from this study will be reviewed 

at each time point to verify the predicted shelf life set at 18 months. 
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Stability control  

The stability study protocol has been designed to provide assurance of ongoing stability: 

Product Code MOR19S Batch number 200217X DOM 17 Feb 2020 

Product Name Morphine sulphate injection 

Strength 10mg/mL Pack size 1mL in 2mL ampoule 

Aim of Study 

Development batch to perform stability study in support of Packman clinical Trial C013 

Duration of Stability Study 18M 

Timepoints required 0,1,2,3,6,9,12,14,18M 

Storage Condition(s) 25°C/60%RH, 30°C/60%RH, 40°C/75%RH  

 

Testing Requirements: 

Test Description  

(a) Examination 

(b) pH 

(c) Assay and Related Substances 

(d) Sterility 

(e) Particle Counts 

(f) Bacterial Endotoxins 

 

Timepoints No. of samples required (tests in brackets) 

 T=0 1M 2M 3M 6M 9M 12M 14M 18M 

5°C  

 

97 

(a – f) 

        

25°C   12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c) 82 (a-e) 

30°C   12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c)   

40°C 12 (a–c) 12 (a–c) 12 (a–c) 12 (a–c)     

 

 

Shelf-life Extension Program 

 

The initial 12  months stability may be extended during the Clinical Trial based on the results 

of the stability study performed on a test batch. In the extension, extrapolation will be used 

requiring real-time data of ketamine assay and degradation products before an expiry is set as 

follows: 

 

Real-time stability data available Proposed shelf-life 

3 months accelerated (40°C/75%RH) 12 months 

14 months at ambient 14 months 

18 months at ambient 18 months 
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The specification used will be the same as the Release analysis. Shelf-life will not be 

extended if the trend analysis performed according to ICH Q1E shows that the specification 

at the end of shelf-life is not met.  

 

Stability results available at the time of submission are included in Attachment 9. 
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2.1.A Appendices 

2.1.A.1 Facilities and Equipment 

Role: Development and manufacture of ampoules, clinicals trials labelling, packaging, final 

QP release and storage/distribution 

Calderdale and Huddersfield NHS Foundation Trust trading as Huddersfield Pharmacy 

Specials (HPS) 

Manufacturing site: Acre Mills, Gate 2, School Street West, Lindley, Huddersfield, HD3 

3ET, UK 

MIA(IMP) Authorisation: MIA(IMP) 19055 

 

 

2.1.A.2 Adventitious Agents Safety Evaluation 

All materials used in the manufacture are assessed for compliance against TSE/BSE 

regulations during the supplier assessment by the respective manufacturers. The following 

TSE-free statements have been included as attachments to this dossier: 

• Attachment 4:  TSE-free statement for sodium chloride 

• Attachment 10: TSE-free statement for disodium edetate 

• Attachment 11: TSE-free statement for ketamine hydrochloride 

• Attachment 12: TSE-free statement for morphine sulphate 

 

 

 

2.1.A.3 Novel excipients 

Not applicable. 

 

 

2.1.A.4 Solvents for Reconstitution and Diluents 

Not applicable. 
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2.1.A.5 Labelling 

Secondary packaging label: Packs 

PACKMaN 

Pack Number: pre-printed number as per randomisation list  

 

3 x 1mL ampoules containing either: 

Ketamine 15mg/ml solution for injection or  

Morphine 10mg/ml solution for injection 

 

Directions for use: To be administered via the intravenous or intraosseous route as 

directed in the clinical trial protocol. 

 

Storage Conditions: Store in a dry place. Protect from light. 

 

Batch number: pre-printed information assigned at manufacture 

Expiry Date: dd/mmm/yyyy (assigned at manufacture) 

 

For emergency unblinding contact the regional ambulance control centre: 

Yorkshire Ambulance Service: TBC. 

West Midlands Ambulance Service: TBC. 

 

 

Contact: Dr Michael Smyth, The University of Warwick, Gibbet Hill Road, 

Coventry, CV4 7AL.  Telephone: 02476 150478 (Warwick Clinical Trials Unit). 

FOR CLINICAL TRIAL USE ONLY           EudraCT No.: 2020-000154-10 

 

Notes: 

• Labels will be white with black text 

 

Primary packaging label: ketamine and morphine ampoules 

PACKMaN    Pack No.: pre-printed  

Ketamine 15mg/mL or Morphine 10mg/mL 

intravenous or intraosseous injection 

BN: pre-printed information assigned at manufacture 

The University of Warwick 

Notes: 

• Labels will be white with black text 
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Rear of all IMP packs: 

Inclusion criteria 
• Age >16 

• Patient reports a pain score ≥7/10 on a 0-10 

NRS following  acute traumatic injury 

• Intravenous or intraosseous access obtained 

• Determined by a paramedic to require IV 

morphine or equivalent 

Exclusion criteria 

• Known or suspected pregnancy 

• Unable to articulate severity of pain using the 

0-10 NRS 

• Lack of capacity due to a reason other than pain  

• Ketamine or opioid analgesia prior to 

randomisation 

• Contraindication to either ketamine or 

morphine as per the SmPC 

• Patient declines participation 

• Known prisoner 

 

2.1.A.6 Attachments 

Attachment 1:  MIA(IMP) for Calderdale and Huddersfield NHS Foundation Trust trading 

as Huddersfield Pharmacy Specials (HPS) 

Attachment 2:  Certificate of Suitability for ketamine hydrochloride 

Attachment 3:  Certificate of Suitability for morphine sulfate 

Attachment 4:  TSE-free statement for sodium chloride 

Attachment 5:  Sterility testing method validation report for ketamine hydrochloride 

injection 15mg in 1ml 

Attachment 6:  LAL validation report for ketamine hydrochloride injection 15mg in 1ml  

Attachment 7:  Sterility testing method validation report for morphine sulfate injection 10mg 

in 1ml 

Attachment 8:  LAL validation report for morphine sulfate injection 10mg in 1ml 

Attachment 9:  IMP stability test protocols and results 

Attachment 10:  TSE-free statement for disodium edetate 

Attachment 11:  TSE-free statement for ketamine hydrochloride 

Attachment 12: TSE-free statement for morphine sulphate 
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Version Control 

Version Date Comments 

1.0 29 July 2020 New document. 

1.1 16 Oct 2020 P.8 Stability (for both products): 

- Storage conditions amended to remove the 25°C restriction. 

 

2.1.A.5 Labelling: 

- IO route of administration added to primary and secondary 

labels 

- Main contact details amended on the secondary label 

- Storage conditions amended on the secondary label 

- Emergency unblinding details amended on the secondary 

label 

- Label for rear of all packs: inclusion and exclusion criteria 

added 

 

Attachments:  

- Attachment 9: Stability results updated to include T6. 
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Product Code MOR19S
Batch 
number

DOM 17-Feb-20

Product Name

Strength

3M 6M 9M 12M 15M 18M 24M

1st Filled

Complies Complies Complies

4.58 4.66 4.54

10.13 10.15 10.09

IMP A 0.05 ND 0.03

IMP B ND ND ND

IMP C 0.07 0.03 0.03

IMP E 0.05 0.02 0.01

IMP F 0.04 ND ND

Unknown @ RT 3.9 0.04 ND 0.01

Unknown @ RT 5.0 0.06 ND 0.00

0.31 0.05 0.08 0.00 0.00 0.00 0.00 0.00

MOR19S version I
ND = None detected
NT= Not Tested

Morphine Sulphate Injection

10mg/mL
1mL in 2mL 
ampoule

Stability Protocol Reference SLJ_MOR19S_001_results

0.7

Duration of Stability Study 24M

Pack size

Timepoints required 0,3,6,9,12,18,24M

Storage Condition(s) 25°C/60%RH

Timepoint/pull date

Random

Complies Complies

Record

200217X

Method reference

Test Specification

0.19

Morphine Sulphate (10mg/mL)
Release: 9.5-10.5mg/mL (95.0-105.0% nominal)           Over Shelf 

Life: 9.25-10.75mg/mL (92.5 - 107.5%)
10.12

pH

Bacterial Endotoxins 17 EU/mg

0.03

T=0

25µm    ≤ 600/container

Complies

28.5

4.63

Examination Complies Complies

2. Complies
Identification of Morphine Sulphate

1. Complies

Known/unkown related substances (%wrt API)
NGT 0.5% wrt API ,                                                                           with 

not more than one greater than 0.2%

0.03
ND

ND
0.09
0.04
ND

Total known/unkown related substances (%wrt 
API)

NGT 2.0 %

Sterility Complies

10µm    ≤ 6000/container

Particle Counts
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Product Code MOR19S
Batch 
number

17-Feb-20

Product Name

Strength 2mL

1M 2M 3M 6M

1st Filled

Complies Complies Complies Complies Complies

4.58 4.73 4.68 4.65 4.68

10.13 10.05 10.28 10.14 10.06

IMP A 0.05 0.04 0.09 ND 0.03

IMP B ND ND 0.01 0.02 0.03

IMP C 0.07 0.03 ND 0.03 0.03

IMP E 0.05 0.01 0.02 0.01 0.01

IMP F 0.04 ND ND ND ND

Unknown @ RT 3.9 0.04 0.05 0.04 ND 0.01

Unknown @ RT 5.0 0.06 ND ND ND 0.00

Unknown @ RT 8.0 ND ND 0.05 ND ND

0.31 0.13 0.21 0.06 0.12

MOR19S version I
ND = None detected
NT= Not Tested

Stability Protocol Reference SLJ_MOR19S_001_results

200217X

Morphine Sulphate Injection

10mg/mL Pack size

Duration of Stability Study 24M

Timepoints required 1M, 2M, 3M, 6M

Storage Condition(s) 40°C/75%RH

Timepoint/pull date

Test Specification T=0

Random

Examination Complies Complies

pH Record 4.63

Identification of Morphine Sulphate
1. Complies

Complies Complies
2. Complies

Morphine Sulphate (10mg/mL)
Release: 9.5-10.5mg/mL (95.0-105.0% nominal)           Over Shelf 

Life: 9.25-10.75mg/mL (92.5 - 107.5%)
10.12

Known/unkown related substances (%wrt 
API)

NGT 0.5% wrt API ,                                                                           
with not more than one greater than 0.2%

0.03

ND

0.09

0.04

ND

0.03

ND

ND

Method reference

Total known/unkown related substances 
(%wrt API)

NGT 2.0 % 0.19

Sterility Complies

Particle Counts
10µm    ≤ 6000/container 28.5

25µm    ≤ 600/container 0.7

Bacterial Endotoxins 17 EU/mg
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