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1. Introduction 
 

This IMP dossier supports the cysteamine bitartrate Domain-Specific Appendix (DSA) of the 

REMAP-CAP clinical trial protocol entitled:  

" REMAP-CAP: Randomized, Embedded, Multifactorial Adaptive Platform trial for Community-

Acquired Pneumonia", Cysteamine Domain-Specific Appendix Version 1 dated 21st June 2021 

(EudraCT Number: 2015-002340-14). 

The IMPD contains data on the drug substance and investigational medicinal product.  

2. Information on the chemical and pharmaceutical quality 

concerning investigational medicinal products in clinical trials  
 

2.1.S Drug substance  
 

Cysteamine bitartrate is an aminothiol salt that was approved first in 1994 by US-FDA and 

followed by approval in 1977 by EMA for the treatment of nephropathic cystinosis in oral 

form. Cysteamine ophthalmic solution was approved by both FDA and EMA in the year 2012 

and 2017 respectively for the treatment of corneal cystine crystal accumulation in patients 

with cystinosis.  The marketing authorisation details of the products using the active 

substance, cysteamine bitartrate are provided in Table 1 below. 

NovaBiotics has been granted orphan drug designation for cysteamine bitartrate by both EMA 

(2011) and FDA (2014) for the treatment of cystic fibrosis. NovaBiotics was also granted Fast 

Track Designation status for cysteamine bitartrate for the treatment of pulmonary 

exacerbations in cystic fibrosis by FDA in February 2018. 
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  Approved by both EMA & FDA FDA 

Brand Name Cystagon Procysbi Cystadrops Cystaran 

Generic name Cysteamine 

bitartrate 

Cysteamine 

bitartrate 

Cysteamine 

hydrochloride 

Cysteamine 

hydrochloride 

Therapeutic area Nephropathic 

cystinosis 

Nephropathic 

cystinosis  

Ocular cystinosis Ocular 

cystinosis 

Active Substance Mercaptamine 

bitartrate 

Mercaptamine 

bitartrate 

Mercaptamine 

hydrochloride 

Cysteamine 

hydrochloride 

Dosage form 50 and 150 mg 

capsules 

25 and 75 mg 

capsules 

Ophthalmic 

solution: 0.37%, 

containing 3.8 

mg/mL of 

cysteamine 

Ophthalmic 

solution 0.44%, 

containing 4.4 

mg/mL of 

cysteamine 

ATC Code A16AA04 A16AA04 S01XA21 S01XA21 

Date approved 

by FDA 

15 Aug 1994 30 April 2013 25 Aug 2020 

 

October 2, 2012 

Date approved in 

EU 

23 June 1997 5 September 

2013 

19 January 2017 - 

EU Marketing 

authorisation 

number  

EU/1/97/039/001 

EU/1/97/039/002 

EU/1/97/039/003 

EU/1/97/039/004 

EU/1/13/861/001 

EU/1/13/861/002 

 

EU/1/15/1049/001 

EU/1/15/1049/002 

 

- 

US FDA New 

Drug Application   

NDA: 020392 NDA: 213491 

& NDA: 203389 

NDA: 211302 NDA: 200740 

Marketing 

authorization 

holder 

Recordati Rare 

Diseases 

Chiesi 

Farmaceutici 

S.p.A* 

Recordati Rare 

Diseases 

Sigma-Tau 

Pharmaceutical, 

Inc. 

Table 1: Marketing authorisation details of the products using the active substance, cysteamine 
bitartrate from the EMA and FDA regions.  

*In February 2017, Raptor Pharmaceuticals Europe B.V changed name to Horizon Pharma Europe B.V. 

In November 2017, Horizon Phama Europe B.V. changed name to Chiesi Orphan B.V. The sponsorship 
was transferred to Chiesi Farmaceutici S.p.A., Italy, in May 2018. 
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2.1.S.1 General information 
 

2.1.S.1.1 Nomenclature 
 

International non-proprietary name (INN) or 

common name 

Mercaptamine bitartrate 

Compendial Name Non-pharmacopoeial.  

Not described in U.S pharmacopeia, 

European and British pharmacopoeia 

IUPAC • 2-aminoethanethiol 

• 2,3-dihydroxybutanedioic acid 

Chemical Name • Ethanethiol,2-amino, [R-(R*,R*)] 

• 2,3-dihydroxy-butanedioate (1:1) salt 

• Mercaptamine bitartrate 

• 2-aminoethanethiol bitartrate 

BANM, USAN Cysteamine bitartrate 

CAS Number 27761-19-9 

COMPANY CODE  

(Cambrex Profarmaco Milano S.r.l.) 

123 

 

2.1.S.1.2 Structure 
 

 

 

 

 

 

 

 

 

 

Molecular formula:  C2H7NS * C4H6O6 

Molecular mass:  227.24 
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2.1.S.1.3 General properties 
 

Description White crystalline powder with characteristics sulfide-like odour 

Physical appearance   White crystalline powder 

Solubility Freely soluble in water and methanol (at 40°C); insoluble in 

organic solvents 

Dissociation constants Acid pKa 8.19; Basic pKa 10.61 

Partition coefficient Log Kow = - 0.20 [Cysteamine (base)] 

Log Kow < - 1.0 (Cysteamine bitartrate) 

Melting range about 118 - 121°C 

Hygroscopicity Highly hygroscopic powder 

Reactivity Rapidly oxidizes in atmosphere conditions to Cystamine; Stored 

under nitrogen atmosphere to avoid degradation.  

Optical rotation Cysteamine bitartrate does not show optical activity 

Polymorphism Cambrex Profarmaco Milano current production of cysteamine 

bitartrate is consistent from the point of view of the polymorphic 

form: the IR spectra, the DSC thermograms and the X-ray 

diffraction patterns of different lots are perfectly 

superimposable. 

See Section 2.1.S.3.1 "Elucidation of structure and other 

characteristics – Polymorphism" for the detailed description of 

the study. 

 

2.1.S.2 Manufacture 
 

2.1.S.2.1 Manufacturer(s) 
 

ADMINISTRATIVE ADDRESS, REGISTERED OFFICE, AND MANUFACTURING FACILITY 
 
Cambrex Profarmaco Milano S.r.l. 
Via Curiel, 34 
20067 Paullo, Milano – Italy 
Telephone: +39 02 9062601 
Fax: +39 02 90630995 
 
D-U-N-S Number (Data Universal Numbering System): 43-805-1401 
FEI number (Facility Establishment Identifier): 3003723076 
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RESPONSIBLE OFFICIAL 
Dr. Aldo Magnini 
Managing Director 
Via Curiel, 34 
20067 Paullo, Milano – Italy 
 
US AGENT 
Mark TePaske 
Sr. Director, Global Regulatory Affairs, Quality and Compliance 
Cambrex Corporation 
1205 11th Street 
Charles City, IA 50616 
Telephone: 1-(641)257-1026 
Fax: 1-(641)228-4152 
 
IN-HOUSE STABILITY TESTING LABORATORY 
Cambrex Profarmaco Milano S.r.l 
Via Curiel, 34 
20067 Paullo (Milano) – Italy 
 
ALTERNATIVE STABILITY TESTING LABORATORY (*) 
PRC (Pharma Research Centre) TICINUM LAB 
Via Bovio, 6 
28100 NOVARA, Italy 
 
D-U-N-S Number: 43-733-9604 
FEI number (Facility Establishment Identifier): 3005987780 
(*) The description of the external stability testing laboratory is included in section 3.2.1.S.7.1. 
 
WAREHOUSE FOR THE STORAGE OF API UNDER REFRIGERATED CONDITIONS  
NEOLOGISTICA SRL 
Largo Boccioni 1 
21040 Origgio (Milano) 
Italy 
 
2.1.S.2.1 Description of manufacturing process and process controls  

The scheme of the synthesis of CYSTEAMINE BITARTRATE is: 
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Solvents used in the manufacturing process 

Ethanol (Final Purification Solvent) 
 
Metal catalysts used in the manufacturing process 

None 

 

2.1.S.2.2 Control of materials 
 

The raw materials used in the manufacturing process of cysteamine bitartrate and their 

specifications are confidential information of the API manufacturer, Cambrex Profarmaco 

Milano S.r.l.. Therefore, a detailed manufacturing information would be provided to the 

assessor directly by Cambrex Profarmaco Milano S.r.l. as and when required by the 

authorities. 

2.1.S.2.3 Control of critical steps and intermediates 
 

This information would be provided to the assessor directly by Cambrex Profarmaco Milano 

S.r.l. as and when required by the authorities. 

2.1.S.2.4 Process validation 
 

Not applicable for substances to be used in clinical trials.  

2.1.S.2.5 Manufacturing process development  
 

This information would be provided to the assessor directly by Cambrex Profarmaco Milano 

S.r.l. as and when required by the authorities. 

 

2.1.S.3 Characterisation 
 

2.1.S.3.1 Elucidation of structure and other characteristics 
 

Spectral analysis 

The elucidation of the chemical structure of cysteamine bitartrate is based on the IR, NMR, 

MS spectra and Elemental analysis. 

IR spectrum 

The Infrared Absorption Spectrum of cysteamine bitartrate in KBr when run on a Jasco FT-IR 

420 Spectrometer exhibits maxima as shown on the attached spectrum. 
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1H NMR spectrum 

 
The Nuclear Magnetic Resonance Spectrum of cysteamine bitartrate in D2O was recorded on 

EM360-60MHz NMR Spectrometer. The chemical shifts and spectral assignments of the 

protons are reported in Table 2 below. 

 

 
Table 2 

Assignments Chem. Shifts (ppm)  N° of hydrogens 

a 2.3-2.9 4H 

b 4.1 2H 

c 4.3 7H 

 
NMR spectrum is provided in the following page.  
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13C NMR spectrum 

 
The NMR 13C spectrum of cysteamine bitartrate in D3O was recorded on BRUKER AC300. The 

chemical shifts and spectral assignments are reported in the Table 3 below.  

 

 
Table 3 

Assignments Chem. Shifts (ppm) 

A 22.48 

B 43.64 

C 74.32 

D 177.32 

 

NMR spectrum is provided in the following page.  
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MS spectrum 

 

The Mass spectrum of cysteamine bitartrate in Methanol was recorded using a FINNIGAN 

INCOS 50 instrument. The fragmentation peaks in Table 4 conform to the proposed structure: 

 
Table 4 

Attribution m/z 

MW-H2O 209 

Peak of tartaric acid 150 

150- H2O 132 

150-COOH 105 

HSCH2CH2NH2 76 
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Elemental analysis 

 

The results of the elemental analysis of cysteamine bitartrate agree with the proposed 

structure, as reported in Table 5 below. 

 

Table 5 

 % C % H %N %S 

% theoretical 31.7% 5.72% 6.16% 14.09% 

% experimental 31.76% 5.76% 6.12% 14.01% 

 

Potential isomerism 
 
Cysteamine bitartrate does not show optical activity. 

 

Polymorphism 

 

In order to examine the polymorphism of the active ingredient cysteamine bitartrate, a deep 

study was conducted to demonstrate the consistency of the CAMBREX PROFARMACO 

MILANO manufacturing process from the point of view of the crystalline form.  

 

Initially three different lots (lot #650101; #650202; #650303) of cysteamine bitartrate active 

ingredient had been examined by using the Infrared Spectrophotometry (IR), the Differential 

Scanning Calorimetry (DSC), the Thermal Gravimetric Analysis and the X-Ray Powder 

Diffraction (XRPD).  

 

In parallel, the possibility of obtaining potential polymorphs of cysteamine bitartrate by 

crystallization of one of the previous lots has been evaluated so the cysteamine bitartrate 

active ingredient has been crystallized from different solvents and the resulting powders have 

been characterized by IR, DSC, TGA and XRPD. 

  

CAMBREX PROFARMACO MILANO current production of cysteamine bitartrate is consistent 

from the point of view of the polymorphic form: the IR spectra, the DSC thermograms and the 

X-ray diffraction patterns are superimposable. All techniques used for its characterization 

have given totally comparable results for the lots examined.  
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2.1.S.3.2 Impurities 
 

Potential impurities and degradation products 

The specified impurities for cysteamine bitartrate are the following: 
 
- CYSTAMINE   NMT 2.0% 

(potentiometric titration) 

The limit for this impurity is reported on the Certificate of analysis. 

The levels of the impurity in the batches of cysteamine bitartrate recently manufactured are 

reported in Section 2.1.S.4.4 (Batch analysis). 

Description of specified impurities 

Cystamine 

NH2-CH2-CH2-S-S-CH2-CH2-NH2 

This is an impurity coming from the oxidation of cysteamine. It can be considered a synthesis 

as well as a degradation impurity. 

Degradation products 

CYSTAMINE can be also considered a degradation product coming from the oxidation of 

cysteamine bitartrate. 

Residual solvents 

The organic solvent used during the synthesis of cysteamine bitartrate is: 

- Ethanol (Final Purification Solvent) 

Ethanol (Class 3 solvent) is controlled on the final API by Loss on Drying NMT 0.5%. 

Elemental Impurities (ICH Q3D) 

1) With reference to metals used in the manufacturing process:  

• No metal catalysts are used during the manufacturing process of cysteamine bitartrate. 

2) With reference to metals with high probability of occurrence across different sources: 

• According to Guideline ICH Q3D, Cambrex Profarmaco Milano has performed risk 

assessment on all its manufacturing processes to identify the most critical active 

ingredients to be analysed for the content of elemental impurities. A screening of 

potential sources of elemental impurities was performed and the following metals with 

ubiquitous nature were chosen for the study: Cd, Pb, As, Hg (Class 1), Ni, Co, V (Class 2A), 

Li, Sb, Ba, Mo, Cu, Sn, Cr (Class 3). 
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• 5 APIs have been identified from the risk assessment as the most critical products, and on 

these five active ingredients we have verified absence of contamination through validated 

ICP-MS methods. 

• The methods were validated considering as LOQ limit the 30% of ICH parenteral limit 

Option 1. 

• From the results obtained on the 5 risk assessment APIs, we confirm that all metals were 

never detected in the batches analysed (3 batches for each API) above LOQ. 

Risk Management Summary is reported in the Table below: 

Element Class Intentionally 
added? * 

Considered in risk 
management? 

Conclusion** 

Cd 1 NO YES Absent 

Pb 1 NO YES Absent 

As 1 NO YES Absent 

Hg 1 NO YES Absent 

Co 2A NO YES Absent 

V 2A NO YES Absent 

Ni 2A NO YES Absent 

Tl 2B NO NO Absent 

Au 2B NO NO Absent 

Pd 2B NO NO Absent 

Ir 2B NO NO Absent 

Os 2B NO NO Absent 

Rh 2B NO NO Absent 

Ru 2B NO NO Absent 

Se 2B NO NO Absent 

Ag 2B NO NO Absent 

Pt 2B NO NO Absent 

Li 3 NO YES Absent 

Sb 3 NO YES Absent 

Ba 3 NO YES Absent 

Mo 3 NO YES Absent 

Cu 3 NO YES Absent 

Sn 3 NO YES Absent 

Cr 3 NO YES Absent 

* Yes / No; ** Absent (below 30% ICH Q3D Option 1 parenteral limit) 
 

Conclusions 

According to the results of the Risk Assessment, Cambrex Profarmaco Milano S.r.l. can 

consider that elemental impurities are not present in cysteamine bitartrate above 30% of ICH 

Guideline Q3D Option 1 parenteral limit. 
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2.1.S.4 Control of drug substance 
 

2.1.S.4.1 Specification(s) 
 

Cysteamine bitartrate (M) manufactured by Cambrex Profarmaco Milano S.r.l. is controlled 

for compliance with the following specifications.  

 

TSN° Product Name Date 

010.001 Cysteamine bitartrate (M) 05/2013 

Revised on 10/2019 

 

Requirements 

Formula  M.W. CAS n° 

C2H7NS * C4H6O6 227.2 27761-19-9 

 

 

TEST SPECIFICATIN/LIMITS N°.  Ed. Rev 

Description White crystalline powder with 
characteristics sulfide-like odour 

1.0601 

Solubility (water) Clear solution 2.0601 

Colour (water) Abs. 420 nm NMT 0.100 3.0601 

Identification (IR) Conforms to standard 4.0601 

Identification (Melting Range) 118 - 121°C 5.0601 

Residue on ignition NMT 0.1% 6.0801 

Loss on drying NMT 0.5% 7.0601 

Chlorides NMT 100 ppm 8.0601 

Assay by titration 97.0 – 102.0% (on dried basis) 9.0601 

Free Tartaric Acid NMT 1.0% 10.0601 

Cystamine content  NMT 2.0% 11.0701 

Particle Size NLT 50% < 150 microns 
NLT 90% < 450 microns 

12.0601 

Retest date: 9 months; Storage conditions: triplex aluminium, not vacuum-packed,  

5°C +/- 3°C. (COA – 010.004).  

 

 

 

 

 

 

 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 20 of 255 
 

2.1.S.4.2 Analytical procedures 
 

The following analytical specifications were followed by Cambrex Profarmaco Milano S.r.l.  

DESCRIPTION 

Description White crystalline powder 1.0601 

 

Method: Visual inspection 

Distribute the powder on a white surface and visual-inspect under a source of light.  

• No foreign matters must be present 

• The product is a white crystalline powder, with characteristics sulfide-like odour 

SOLUBILITY 

Solubility (water) Clear solution 2.0601 

 

Method: House method 

Water (10% solution) 

• Dissolve 1g of product in 10 mL of water 

The solution must be clear and without presence of foreign matters. 

COLOUR 

Colour (water) NMT 0.100 (Abs. 420 nm) 3.0601 

 

Equipment 

UV Spectrophotometer, Jasco V-530 or similar, 1 cm cell 

Procedure (2% solution) 

1. Dissolve 1 g of product in 50 mL of water 

2. Reset the UV to zero using water at 420 nm 

3. Read the absorbance of the solution at 420 nm  

Absorbance420 <0.100 

IDENTIFICATION 

Identification (IR) Conforms to standard 4.0601 

 

Method: USP <197 K> 
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Equipment 

IR Spectrophotometer, Jasco FTIR 420 or similar 

Procedure  

1. Mix about 5 mg of cysteamine bitartrate with 500 mg of dry, finely powdered KBr 

2. Put the mixture in the proper holder in the IR spectrophotometer 

The IR exhibits maxima at the similar wavenumbers and with similar relative intensities as to 

the reference spectrum.  

IDENTIFICATION (MELTING RANGE) 

Identification (Melting Range) 118 - 121°C 5.0601 

 

Equipment 

Buchi B-545 or similar 

Procedure 

1. Introduce a sufficient quantity of product into a capillary tube 

2. Compact the product in order to obtain about 4-6 mm 

3. Raise the temperature of the bath to about 10°C below the melting point (108°C) 

4. Adjust the rate of heating to 1°C per minute 

5. Introduce the capillary when the temp. is about 5°C below the melting point (113°C) 

 

RESIDUE ON IGNITION 

Residue on ignition NMT 0.1% 6.0801 

 

Method: USP <281> 

Equipment 

• Balance Mettler Toledo AG 245 or similar 

• Muffle 

Procedure 

1. Weigh accurately 1 g of the product to be examined in a suitable crucible, that 

previously has been ignited, cooled, and weighed 

2. Heat gently at first until the substance is thoroughly charred 

3. Cool, then moisten the residue with 2 mL of 98% conc. Sulphuric acid 

4. Heat gently until white fumes are no longer evolved and ignite at 600°C +/- 50°C until 

carbon is consumed.  

Before weighing, let the product cool to room temperature into a desiccator.  
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Calculations 

 Product weight = Gross weight (before ignition) – Crucible tare weight 
 Residue  = Gross weight (after    ignition) – Crucible tare weight 

 
Residue on ignition % = __Residue x 100_ 

       Product weight 

LOSS ON DRYING 

Loss on drying NMT 0.5% 7.0601 

 

Method: USP <731> 

Equipment 

• Balance Mettler Toledo AG 245 or similar, Oven Heraeus or similar 

Procedure 

1. Tare an aluminium plate 

2. Weight accurately 5 g of product in the plate 

3. Dry at 40°C under vacuum for 4 hours, until constant weight 

Before weighing, let the product cool to room temperature into a desiccator.  

Calculations 

 Product weight = Gross weight (before drying) – Plate tare weight 
 Lost weight  = Gross weight (before drying) – Goss weight (after drying)  

 
Loss on Drying % = Lost Weight x 100_ 

           Product weight 

 

CHLORIDES 

Chlorides NMT 100 ppm (0.01%) 8.0601 

 

Method: USP <221> Modified 

Reagents Preparation 

Sodium Chloride (pure reagent)   

Water (Deionized)  

Nitric Acid 2 N  

Silver Nitrate Solution Dissolve 1.7 g in 100 mL of water 
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Test solution (0.033 g/mL) 

 Dissolve 0.5 g of product in 15 mL of water 

Stock Standard solution (5 ppm) 

1. Dissolve exactly 824 mg of NaCl in 1 L of water 

2. Take 1 mL and dilute to 100 mL with water 

NB: this solution can be stored and used many times.  

Standard Solution (50 µg – corresponding to 100 ppm in the test solution) 

• Take 10 mL of the Stock Standard Solution and add 5 mL of water 

Procedure 

Using the Test and Standard Solution, perform the following test. 

1. Add 1 mL of Nitric Acid 2 N, mix well 

2. Add the solution into a test tube containing 1 mL of Silver Nitrate Solution 

3. Protect from light and wait 5 minutes 

4. Observe the opalescence against a black background 

The Test Solution should show less turbidity than the Standard Solution.  

 

ASSAY BY TITRATION 

Assay by titration 97.0 – 102.0% (on dried basis) 9.0601 

 

Equipment 

• Titroprocessor Metrohm 751 or similar 

• Dosimat Metrohm 685 or similar 

• Balance Mettler Toledo AG 245 or similar 

Solent: Water/Sulfuric Acid 

Potassium Iodate 0.1 N (Titrating agent): Dissolve 3.567 g of potassium iodate, previously 

dried at 110° to constant weight, in water and bring to 1000 mL.  

Sulfuric acid 3.6 N: Carefully and with constant cooling, dilute 19 mL of 98% Sulfuric acid to 

100 mL of water.  

Procedure 

1. Dissolve about 0.350 g of sample in 100 mL of water 

2. Add 10 mL of 3.6 N Sulfuric Acid 

3. Add 1.0g of Potassium Iodide and 2 mL of fresh starch indicator 

4. Titrate with Potassium Iodate 0.1 N to a pale blue end point, persisting for more than 

30 seconds 
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5. Perform a blank determination and make any necessary correction 

Calculations 

Assay (Iodate, as is) % = mL Iodate x factor x 2.272 

    Weight (g) 

 

The assay must be calculated on dried substance with the formula: 

Assay (Iodate, ODB) % = __Assay%_ x 100 

       100 - LOD 

LOD is the Loss on drying.  

 

Remark: The Assay (Iodate, as is) is used also for the calculations reported in the following 

tests. 

• test n°10 (Free tartaric acid) 

• test n°11 (Cystamine content) 
 

FREE TARTARIC ACID 

Free Tartaric Acid NMT 1.0% 10.0601 

 

Equipment 

• Titroprocessor Metrohm 751 or similar 

• Dosimat Metrohm 685 or similar 

• Balance Mettler Toledo AG 245 or similar 

Solvent: Water 

Titrating agent: Sodium hydroxide 0.1 N (NaOH) 

Procedure 

1. Dissolve about 0.350 g of sample in 100 mL of water 

2. Titrate with NaOH 0.1 N, determining the end point potentiometrically 

3. Perform a blank determination and make any necessary correction 

Calculations 

 

Assay (NaOH) % = mL NaOH x factor x 2.272 (usually between 98% - 101%) 

        Weight (g)                  

 

Free Tartaric acid % = Assay (NaOH) – Assay (Iodate, as is) 

      2 

Remark: if Assay (Iodate, as is) is higher than the Assay (NaOH), free cysteamine is present.  
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CYSTAMINE CONTENT 

Cystamine content  NMT 2.0% 11.0701 

 

Equipment 

• Titroprocessor Metrohm 751 or similar 

• Dosimat Metrohm 685 or similar 

• Balance Mettler Toledo AG 245 or similar 

Solent: Acetic Acid 

Titrating agent: Perchloric Acid 0.1 N (HClO4) 

Procedure 

1. Dissolve about 0.300 g of sample in 80 mL Acetic acid 

2. Titrate with perchloric acid, determining the end point potentiometrically 

3. Perform a blank determination and make any necessary correction 

Calculations 

Assay (HClO4) % = mL HClO4 x factor x 2.272 

   Weight (g) 

 

Cystamine % = Assay (HClO4) - Assay (Iodate, as is) 

 

PARTICLE SIZE 

Particle Size NLT 50% < 150 microns 

NLT 90% < 450 microns 

12.0601 

 

Equipment 

• Microscope Leitz SM-LUX 

Procedure 

1. Distribute the powder on a glass-plate, using paraffin oil 

2. Verify that the granulometric distribution is homogeneous 

3. Evaluate the dimension of the particles using the graduated scale 

At least 50% of the particles must be lower than 150 microns 

At least 90% of the particles must be lower than 450 microns 
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CYSTEAMINE BITARTRATE 

(Mercaptoethyl) ammonium hydrogen tartrate 

 

 

RELATED SUBSTANCES 

Cystamine 

 
Tartaric Acid 
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2.1.S.4.3 Validation of analytical procedures 
 

The titration methods for: 

• ASSAY – Titration with Potassium Iodate 

• FREE TARTARIC ACID – Titration with NaOH and Potassium Iodate 

• CYSTAMINE - Titration with HClO4 and Potassium Iodate 

have been developed in-house at Cambrex Profarmaco Milano S.r.l. and validated.  

All these methods are routinely used on all batches. A summary of the available validation 

results using a sample of cysteamine bitartrate coming from the standard production (Lot# 

460202) is reported below. All the acceptance criteria have been met. 

Analyte/Method 
Range Linearity 

Correlation coefficient 

Precision 

(%RSD) 

Cysteamine bitartrate -Titrate 

with 0.1 N potassium iodate 

 

80-120% 

 

1.000 

 

0.06% 

Free tartaric acid -Titration with 

0.1 N NaOH 

 

80-120% 
 

1.000 

 

0.07 % 

Cystamine - Titration with HClO4 
 

80-120% 

 

1.000 

 

0.07 % 
*RSD: Relative Standard Deviation 

2.1.S.4.4 Batch analyses 
 

The analytical results of the recent standard production batches of cysteamine bitartrate from 

Cambrex Profarmaco Milano are reported in the Section 2.1.S.5. The results enclosed show 

that cysteamine bitartrate complies with the specifications for the final product. 

2.1.S.4.5 Justification of specification(s) 
 

The active ingredient cysteamine bitartrate is not described in any official Pharmacopoeia. All 

the tests included in the specification for the final product have been internally developed by 

Cambrex Profarmaco Milano. Further information on the justifications of specifications would 

be provided to the assessor directly by Cambrex Profarmaco Milano S.r.l. as and when 

required by the authorities. 

2.1.S.5 Reference standards or materials 
 

Reference FTIR Spectra for cysteamine API is provided below.  
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A copy of the certificate of analysis for the working standard is provided below and the 

characterization and spectrum are reported in Section 2.1.2.3 Characterization.  The standard 

batch size for cysteamine bitartrate manufactured by Cambrex Profarmaco Milano is about 

140 Kg (± 15%) (*).  

Cysteamine bitartrate 

Lot number 822324 822526 822728 860202 880304 890102 

Manufacturing 
date 

Jun 2019 Jun 2019 Jun 2019 June 2020 Mar 2021 Oct 2021 

Re-analysis date Feb 2020 Mar 2020 Mar 2020 Mar 2021 Dec 2021 Jul 2022 

Batch size 276 Kg 259 Kg 279 Kg 145 Kg 292.8 Kg 291 Kg 
(*) According to Cambrex Profarmaco Milano internal SOP a maximum scale factor of 3 can be applied. 

Cysteamine bitartrate API from the lot number # 860202 was used in the GMP manufacturing 

of the IMP, IV cysteamine bitartrate for use in the REMAP-CAP trial. API from lot number 

#880304 and 890102 wereas used as a reference standards for IMP batch release and testing. 

References standard from the fresh batch of API will be purchased whenever required for 

testing or release.   
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CoA of the reference standard of cysteamine bitartrate Batch No. 822324. 
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CoA of the reference standard of cysteamine bitartrate Batch No. 822526. 
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CoA of the reference standard of cysteamine bitartrate Batch No. 822728. 

 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 32 of 255 
 

CoA of the API and reference standard of cysteamine bitartrate Batch No. 860202. 

 

 

 
 

 

 

Via Curiel 34, 20067 Paullo (MI) - ITALY Tel.: 

+39 02 90 62 60.1 

 

Certificate of Analysis 

Cambrex Profarmaco Milano S.r.L. 

 

 

 

Product 

Batch 

Production date 

Re-Analysis Date 

CYSTEAMINE BITARTRATE (M) 

 

860202 

June 2020 

 

March 2021 

C.A.S. n. 

Formula 

M.W. 

T.S. 

27761-19-9 

C2H7NS(C4H6O6) 

227.2 

010.004 

Analysis July 7 2020 Coa issued on November 26 2020 

Coa Number CA12.846 
 

 

DETERMINATION 

 

SPECIFICATION 

 

RESULT 

 

DESCRIPTION White crystalline powder COMPLIES 

SOLUBILITY Water Clear solution COMPLIES 

COLOUR Abs at 420 nm in water NMT 0.100 0.002 

IDENTIFICATION IR spectrum 

Melting Range 

Conforms to standard 

118 / 121 °C 

COMPLIES 

118 

RESIDUE ON IGNITION NMT 0.1 % 0.0 

LOSS ON DRYING NMT 0.5 % 0.1 

CHLORIDES NMT 100 ppm COMPLIES 

ASSAY By titration (on dried basis) 97.0 / 102.0 % 98.0 

FREE TARTARIC ACID NMT 1.0 % 0.3 

CYSTAMINE CONTENT NMT 2.0 % 1.4 

PARTICLE SIZE < 150 microns 

< 450 microns 

NLT 50% 

NLT 90% 

COMPLIES 

COMPLIES 

This batch has been manufactured, packaged and tested in accordance with EU GMP 

Guideline Volume 4 Part II (ICHQ7) 
 

Storage conditions: Triplex 

aluminium, not under vacuum-

packed, 5 +/- 3 °C 

 

 

Approved by Qualified Person / 

Quality Director 

Laura 

Bigini 11-
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CoA of the reference standard of cysteamine bitartrate Batch No. 880304 
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CoA of the reference standard of cysteamine bitartrate Batch No. 890102 
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2.1.S.6 Container closure system 
 

The commercial packaging system for cysteamine bitartrate composed of aluminium bags, 

plastic drums and closure systems is fully described in this section. The specifications of the 

suppliers, reporting the general characteristics of drums and bags and certifying their food-

grade are enclosed. 

Cysteamine bitartrate is packed into LDPE polyethylene coated aluminium bag, heat sealed 

but not under vacuum. Aluminium bags are packed inside a polyethylene bag and then into 

plastic drums. The material must be stored in refrigerated conditions (2-8°C), according to 

label reported in the following section. 

The top lid of the drum is sealed with an aluminium seal with our trademark, not removable 

without breaking. We use plastic drums of different capacities, as reported in the following 

table: 

Capacity U.M. 

6 (*) litres 

8  litres 

17(*) litres 

28 litres 

50 litres 

60 litres 

110 litres 

125 litres 

150 litres 

 

The drums and bags are stored in a proper room protected from contamination. Every plastic 

drum and bag is checked for cleanliness by the operator before use. The drums, containing 

the final API and coming from the finishing department, are weighed in a proper room 

protected from contamination, opened for visual inspection and the labels are replaced with 

the official ones (one internal on the polyethylene bag and one external on the drum’s body). 

ALUMINUM BAGS 

Characteristics: 

The aluminium bags have different sizes. 

They are heat sealed with a special machine and then put inside plastic drums. 

 

POLYETHYLENE BAGS 

Characteristics: 

The bags used are made of polyethylene of low density (LDPE) and are food-grade. 
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PLASTIC DRUMS 

Characteristics: 

Body    HDPE HMW 

Lid    HDPE 

Gasket   Natural gum / Polyurethanic bi-component gum 

Closure ring   in zinc steel, with sealing lever 

(*) The plastic drums of 6 and 17 litres are closed with a screw top lid and sealed with a plastic 

lace with our trademark non removable without tampering. 

 
CLOSURE SYSTEMS 

Characteristics: 

Each aluminium bag is heat sealed and put into plastic drums. 

The top lid for plastic drums is sealed with an aluminium seal with our trademark in order to 

avoid tampering. 

 

SPECIFICATIONS 

 

The specifications of the suppliers, the commercial packaging system, reporting the general 

characteristics of drums and bags, analytical specifications of the bags (aluminium and 

polyethylene bags) and certifying their food-grade are enclosed in the following pages.  
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Aluminium bag – Analytical specifications 
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Polyethylene bag – Analytical specifications 
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IR Polyethylene bag 
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Aluminium bags 
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03/03/2014 
 
DECLARATION OF CONFORMITY  
(English version of “DICHIARAZIONE DI CONFORMITA’”) 
 
We herewith confirm that the material PET/ALU/PE140 we supply you is in compliance with 

the following Community legislation CE: 

 
Regulations 1935/2004/CE 
Regulations 1895/2005/CE 
Regulations 10/2011/CE 
Directive 2002/72/CE and following updates and modifications 
Directive 94/62/CE on the limits for Pb, Hg, Cd, Cr (VI) 
Directive 85/572, 82/711, 93/48, 97/48 
 
and the following Italian legislation: 

DM 21/03/73 and following updating and modifications 
DPR 777/82 and following updating and modifications 
 

According to Regulation 2023/2006/CE this film is manufactured according to Good 
Manufacturing Practices (GMP) 
 
The above product is manufactured with the following materials: 
 
PET 
Adhesive (bicomponent Polyurethanic without solvent) 
Aluminium 
Adhesive (bicomponent Polyurethanic without solvent) 
Polyethylene (in contact with the food stuff) 
 
The material contains substances which are subject to restrictions in the mentioned laws. The 

material complies with the limit of overall migration and the specific restrictions in the 

following test conditions: 

 
Simulant: A (Ethanol 10%)   < 1 mg/dm2  (DM 21/03/1973 Gravimetric) 
Simulant: B (Acetic acid 3%)   1.2 mg/dm2  (DM 21/03/1973 Gravimetric) 
Simulant: D2 (Olive oil)   < 1 mg/dm2  (DM 21/03/1973 Gravimetric) 
 
The limit of overall migration together with the other specific restrictions which the 

monomers and/or additives of the material can be subject to are satisfied in the above 

mentioned use conditions. This is supported by analytical tests performed in compliance with 

Directives 82/711/CE, 85/572/CE and 97/48/CE and DM 21/03/73. The calculations have been 

carried out assuming that 1 kg of food comes in contact with 6 dm2 of packaging material. 

We can declare that dual use additives are totally absent. 
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The material can come into contact with: 

Pasta, biscuits and oven products, patisserie, coffee, milk and derivatives, vegetables, frozen 
products, meat. 
Alimentary allergens according to Directive 2007/68/EC Attachment III are absent. 

 

This declaration is valid starting from the above indicated date and will be replaced when 

important changes occur in the production of material so as to modify some essential 

requirements in terms of conformity or when the legislative references indicated are modified 

and updated so that a revision will be necessary in order to comply with them. This 

declaration is in any case valid for 24 months. 
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July 1st, 2011 
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DECLARATION OF POLIETHYLENE SUITABILITY FOR FOODSTUFFS  
(English version of “DICHIARAZIONE DI IDONEITA’ ALIMENTARE”) 

 
 

We declare herewith that the above product is suitable for coming in contact with 
foodstuffs as required by Art. 5 D.M. Ministero della Sanità dated 21/03/1973 and 
following updating and according to relevant CEE directives. 
 
The above product has passed the test for all the four food simulants indicated in D.M. 
220 dated 26/04/1993 and is suitable for coming in contact with all kinds of food as 
described in the table included in the Decree itself. 
 
Monomers and the other substances used to produce the films are included in CEE 
Directive  90/128 dated 23/02/90 and following updating. 
 
The suitability for foodstuffs is to be intended for clean materials. 
 
We also declare that the products comply with CE regulations N. 2023/2006 dated 
22/12/2006 on the good manufacture practices of the materials intended to come in 
contact with foodstuffs. 
 
A copy of the chemical analysis of the materials can be provided by Celvil on request. 
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POLIMERI EUROPA 
DECLARATION OF CONFORMITY TO EUROPEAN PHARMACOPOEIA 
 
RIBLENE F22, F33, F34, FL23, FL30 (produced in Italy), FL 34E, FM 34E, FM53, MP30 
(produced in France), MP31, MP31R, FL34D 
 
The products supplied in original container conform for composition to Pharmacopoeia 
monographs for Polyolefines: 
 
EuPh 3.1.3 Polyolefines (Edition 7th, 2011) 
EuPh 3.1.5 Polyethylene with additives for containers for preparations for 

parenteral use and for ophthalmic preparations (Edition 7th, 2011) 
 
USP 34 Polyethylene containers 
 
 
No wastes or recycled material is used to produce the mentioned products. 
 
Specific characterization for pharmacopoeias must be performed by the user with 
respect to conditions of use. 
 
The user must ascertain that the product can be used for contact to pharmaceutical 
products. 

 
Declaration valid for three years 
March 24, 2011 
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Polyethylene bags 

Polymer components: ExxonMobil LD150AC / LD150BW 
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Antistatic additives 

Antistatic additives: Polybatch VLA66 or CESA-Stat 3101 
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Pulse welder 

 

 

- The welder external vertical structure is composed of stainless steel AISI 304 with the 
ground support area of 750x800 mm and the height of 1850 mm, with support 
adjustable feet. 

- The welder is equipped with two operating accesses: a lateral access 950x530 mm 
equipped with an external roller track with lifter, in order to facilitate the inclusion of 
various size drums, a front door 600x800 mm provided with glass of 100x200mm. 

- The fixed roller and sealing bars are located within the welding’s room. 

- The command and the operator panel for the control of the welding operations are 
located in the high part head on. 

- The electric circuits and system control are located in the electric panel in the rear of the 
cab. 

- The sealing bars with related support will be constructed in order to facilitate a quick 
disassembly for cleaning operations. 

- The internal structure of the cab has satin surface and it is realized in order to facilitate 
the cleaning operations. 
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Plastic drums (HDPE) 
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Anti-tampering seals 

External seals for drums 
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Internal seals for PE bags 
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Labeling 

Label used for the packaging of the final API 

 

 

Label used for the packaging of the final API only for US market 
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2.1.S.7 Stability 
 

Stability summary and conclusions  

PRC -TICINUM Lab is an alternative stability testing laboratory (external). In May 2001, 

Cambrex Profarmaco Milano, in joint venture with another supplier of active pharmaceutical 

ingredients, decided to open a new laboratory named PRC TICINUM LAB, located in the 

Scientific and Technological Pole of Novara, Italy. The aim of this laboratory is to support 

Cambrex Profarmaco Milano in some analytical and research studies, with the exclusion of 

the approval and release of raw materials, intermediates, and final active ingredients. In 

particular PRC TICINUM LAB is equipped to store and analyse stability samples.  

The analytical methods used to perform the Long-term stability studies have been transferred 

to PRC TICINUM LAB according to a specific procedure (PRC 01/13/PF, Analytical technology 

transfer). PRC TICINUM LAB is responsible for keeping the samples in accordance with the 

established stability protocol and for performing the tests at the agreed timing, by using only 

the analytical methods that have previously undergone the above mentioned methodology 

transfer procedure. Cambrex Profarmaco Milano is responsible for sending the samples 

packaged as defined and for handling and presenting the analytical data obtained from PRC 

TICINUM LAB. 

General stability protocol 

Stability studies are conducted in compliance with the ICH guidelines Q1A/Q1E 'stability 

testing of new drug substances and products' and GMP for Active Pharmaceutical Ingredients 

and are classified into two groups: Refrigerated long term stability (LTS) and Accelerated 

stability (AS). 

For stability studies, the product is maintained in a similar packaging of the finished product. 

This means that the samples are stored in the same type of bags and closures. The bags are 

then packaged into small plastic drums.  

Stability specifications 

Cysteamine bitartrate is analysed according to the stability specifications given below and 

were used to test the product during the Long-term stability and the Accelerated stability 

studies. The main potential degradation impurity is cystamine. This impurity is already 

included in the release specification of the final active ingredient and can be easily detected 

and quantified by volumetric titration. The test methods reported in the stability specification 

refer to those used for the release of the final active ingredient. 
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TEST LIMITS N°.  Ed. Rev 

Description White crystalline powder 1.0601R 

Loss on drying NMT 0.5% 7.0601R 

Assay by titration 97.0 – 102.0% (on dried basis) 9.0601R 

Free Tartaric Acid NMT 1.0% 10.0601 

Cystamine (*) Content  NMT 2.0% 11.0701R 

(*) known degradation impurities. 

Retest and expiration dates 

The Long-term stability study is conducted for 12 months. If after this time the product is 

stable, the retest date can be fixed in 12 months. On the contrary, if the product is not stable 

the expiry date depends on the degradation trend of the product. The Accelerated stability 

study is conducted for 6 months but can be extended if requested. For stability studies, the 

product is maintained in a similar packaging of the finished product. This means that the 

samples are stored in the same type of bags and closures. The bags are then packaged into 

small plastic drums.  

For new products, the first three lots manufactured are put under Accelerated stability and 

Long-term stability. As per Cambrex Profarmaco Milano’ stability protocol, every year, only 

one batch (as representative of commercial production every year), is added to the Long-term 

stability study unless no production is done. The API lot No. 860202 that was used for 

manufacturing the cysteamine IMPAPI was not put under stability study. 

Frequency of analysis 

 
For Accelerated stability, the frequency of testing is the following:  

 

For all the lots under testing 0, 1, 3, 6 months 

 

For Long term stability (LTS), the frequency of testing is the following:  

 

For the first 3 batches 0, 1, 3, 6, 9, 12 months 

For additional batches 0, 12 months (at minimum) 

 

Post-approval stability protocol and stability commitment 

Cambrex Profarmaco Milano, as the manufacturer of Cysteamine Bitartrate, is committed to 

perform stability tests not only as pre-approval studies, but also during the complete life of 

the product.  
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According to Cambrex’s internal procedures, based on the current ICH guidelines: 

• The first three batches of the active ingredients manufactured are put under Accelerated 

stability and Refrigerated Long Term conditions stability. 

• Every year, one batch is added to the Refrigerated Long term stability study, unless no 

production is done. 

• The first batches, usually 3, manufactured after a major change (submitted to authorities 

and customers) are put under Accelerated stability and Refrigerated Long Term condition 

stability. 

Cambrex Profarmaco Milano is committed to withdraw from the market, batches that do not 

meet specifications and if it is a single occurrence to discuss the issue with proper parties. 

Refrigerated Long-term stability studies 

Refrigerated Long-term stability studies of cysteamine bitartrate are on-going on the 

following batches: 
 

Batches Batch size (Kg) Date of 
manufacture 

812122 275 12/2018 
812324 267 12/2018 
812526 294 12/2018 

 

The lots were stored under the following conditions: 

REFRIGERATED LONG TERM STABILITY (LTS) 
Temperature: 5°C ± 3°C 
Relative humidity: -  
 
Conclusions of the Long-term stability study 

The refrigerated Lon- term stability data generated until now according to the ICH guidelines, 

show that no significant degradation occurs after 9 months. 

Therefore,  

Cambrex Profarmaco Milano S.r.l. have assigned to cysteamine bitartrate a retest period 

under refrigerated conditions of 9 months. 

The Long-term stability data are provided in the tables below. 
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Cysteamine bitartrate: Long-term stability study data 
 

Storage conditions: 5 ± 3 °C 

Type of packaging: Alluminio NON sott ovuot o 

Duration of the study: 2 years 

Batch number: 812122 

Manufacturing date: 12/12/2018 

Stability study start: 20/12/2018 

 

Test Description Release 

1 Description 004-001 

2 Loss on drying 004-001 

3 Assay 004-001 

4 Cystamine content 004-001 

 

 Months T0 1M 3M 6M 9M 12M 18M 24M 

Test Limits                                                    Date: 12-2018 1-2019 3-2019 6-2019 9-2019 12-2019 6-2020 12-2020 

1 White crystalline powder Complies Complies Complies Complies Complies    

2 NMT 0.5% 0.1 0.1 0.2 0.2 0.2    

3 By titration (on dried basis) 97.0-102.0% 98.9 99.6 99.6 98.0 99.1    

4 NMT 2.0% 1.1 0.7 0.7 1.2 1.1    
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Cysteamine bitartrate: Long-term stability study data 
 

Storage conditions: 5 ± 3 °C 

Type of packaging: Alluminio NON sottovuoto 

Duration of the study: 2 years 

Batch number: 812324 

Manufacturing date: 12/12/2018 

Stability study start: 20/12/2018 

 

Test Description Release 

1 Description 004-001 

2 Loss on drying 004-001 

3 Assay 004-001 

4 Cystamine content 004-001 

 

 Months T0 1M 3M 6M 9M 12M 18M 24M 

Test Limits                                                    Date: 12-2018 1-2019 3-2019 6-2019 9-2019 12-2019 6-2020 12-2020 

1 White crystalline powder Complies Complies Complies Complies Complies    

2 NMT 0.5% 0.1 0.1 0.2 0.2 0.4    

3 By titration (on dried basis) 97.0-102.0% 99.2 99.5 99.5 97.7 99.0    

4 NMT 2.0% 0.4 0.6 0.7 1.7 1.2    
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Cysteamine bitartrate: Long-term stability study data 
 

Storage conditions: 5 ± 3 °C 

Type of packaging: Alluminio NON sottovuoto 

Duration of the study: 2 years 

Batch number: 812526 

Manufacturing date: 13/12/2018 

Stability study start: 20/12/2018 

 

Test Description Release 

1 Description 004-001 

2 Loss on drying 004-001 

3 Assay 004-001 

4 Cystamine content 004-001 

 

 Months T0 1M 3M 6M 9M 12M 18M 24M 

Test Limits                                                    Date: 12-2018 1-2019 3-2019 6-2019 9-2019 12-2019 6-2020 12-2020 

1 White crystalline powder Complies Complies Complies Complies Complies    

2 NMT 0.5% 0.0 0.1 0.1 0.1 0.1    

3 By titration (on dried basis) 97.0-102.0% 99.1 99.7 99.4 97.9 99.0    

4 NMT 2.0% 0.5 0.5 0.7 1.9 1.1    
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Accelerated stability studies 

 

Accelerated stability studies of cysteamine bitartrate have been conducted on the following 

batches: 

 

Batches Batch size (Kg) Date of 
manufacture 

812122 275 12/2018 
812324 267 12/2018 
812526 294 12/2018 

 

These lots were stored under the following conditions: 

ACCELERATED STABILITY (AS) 
Temperature: 25°C ± 2°C 
Relative humidity: 60% ± 5% 

 

Conclusions of the accelerated stability study 

 

The accelerated stability data generated until now according to the ICH guidelines show that 

significant degradation occurs after 6 months. 

 

The Accelerated stability data are provided in the tables below. 
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Cysteamine bitartrate: Accelerated stability study data 
 

Storage conditions: 25 ± 2 °C 

Relative humidity: 60% ± 5% 

Type of packaging: Alluminio NON sottovuoto 

Duration of the study: 6 months 

Batch number: 812122 

Manufacturing date: 12/12/2018 

Stability study start: 20/12/2018 

 

Test Description Release 

1 Description 004-001 

2 Loss on drying 004-001 

3 Assay 004-001 

4 Cystamine content 004-001 

 

 Months T0 1M 3M 6M     

Test Limits                                                    Date: 12-2018 1-2019 3-2019 6-2019     

1 White crystalline powder Complies Complies Complies Complies     

2 NMT 0.5% 0.1 0.1 0.2 0.1     

3 By titration (on dried basis) 97.0-102.0% 98.9 99.3 98.5 97.2     

4 NMT 2.0% 1.1 0.7 1.6 2.5     
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Cysteamine bitartrate: Accelerated stability study data 
 

Storage conditions: 25 ± 2 °C 

Relative humidity: 60% ± 5% 

Type of packaging: Alluminio NON sottovuoto 

Duration of the study: 6 months 

Batch number: 812324 

Manufacturing date: 12/12/2018 

Stability study start: 20/12/2018 

 

Test Description Release 

1 Description 004-001 

2 Loss on drying 004-001 

3 Assay 004-001 

4 Cystamine content 004-001 

 

 Months T0 1M 3M 6M     

Test Limits                                                    Date: 12-2018 1-2019 3-2019 6-2019     

1 White crystalline powder Complies Complies Complies Complies     

2 NMT 0.5% 0.1 0.1 0.3 0.1     

3 By titration (on dried basis) 97.0-102.0% 99.2 99.7 99.7 96.9     

4 NMT 2.0% 0.4 0.6 0.5 3.0     
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Cysteamine bitartrate: Accelerated stability study data 
 

Storage conditions: 25 ± 2 °C 

Relative humidity: 60% ± 5% 

Type of packaging: Alluminio NON sottovuoto 

Duration of the study: 6 months 

Batch number: 812526 

Manufacturing date: 13/12/2018 

Stability study start: 20/12/2018 

 

Test Description Release 

1 Description 004-001 

2 Loss on drying 004-001 

3 Assay 004-001 

4 Cystamine content 004-001 

 

 Months T0 1M 3M 6M     

Test Limits                                                    Date: 12-2018 1-2019 3-2019 6-2019     

1 White crystalline powder Complies Complies Complies Complies     

2 NMT 0.5% 0.0 0.1 0.2 0.1     

3 By titration (on dried basis) 97.0-102.0% 99.1 99.6 98.4 97.2     

4 NMT 2.0% 0.5 0.6 1.8 2.4     
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2.1.P Investigational medicinal product under test 
 

2.1.P.1 Description and composition of the investigational medicinal product 
 

An intravenous (IV) formulation of cysteamine bitartrate, (containing 500 mg/2.5 mL) was 

developed to use in REMAP-CAP clinical trial. The IV formulation was manufactured using the 

cysteamine bitartrate API (batch# 860202) that was obtained from Cambrex Profarmaco 

Milano S.r.l.  

The IV formulation was developed as IV is the preferred route for administering cysteamine 

bitartrate for severe acutely ill patients hospitalized in the intensive care unit. It is intended 

that cysteamine bitartrate will be given as IV bolus infusion in the REMAP-CAP trial, and the 

composition of each vial is provided in the table below.  

IV cysteamine bitartrate (500 mg/2.5 mL) 

(2 mL vial with 2.5 mL fill volume) 

Material Function IV cysteamine bitartrate  

Cysteamine bitartrate Active ingredient 500 mg/2.5 mL fill volume 

(200 mg/mL) 

Water for Irrigation (WFI) 

Ph. Eur. (contained in 

bottles) 

Sparged WFI used for preparation of the 

10 M NaOH and cysteamine bitartrate 

solution. 

- 

10 M Sodium hydroxide 

(NaOH) solution, Ph.Eur, 

BP, FCC, JP, NF, E524  

(CAS # 1310-73-2) 

To adjust pH of cysteamine bitartrate 

solution to target pH of 5.5 (limits pH 

5.0-6.0)  

- 

Nitrogen Overlay of vials / purging of bulk solution - 

 

2.1.P.2 Pharmaceutical development 
 

Oral cysteamine bitartrate has been licensed for over 25 years with safety data collected over 

30 years. This is the first IV formulation of cysteamine bitartrate developed to be used in the 

REMAP-CAP clinical trial for COVID associated pneumonia. Cysteamine bitartrate, 200 mg/mL 

is a sterile solution in a sealed 2 mL vial with a fill volume of 2.5 mL. 

 Manufacturing process development 
 

Formulation strategy: Cysteamine bitartrate is a non-cytotoxic, small molecule with good 

aqueous solubility (˃100 mg/mL). The parenteral formation of cysteamine bitartrate was 

developed as a simple aqueous solution for frozen storage with minimal/no additional 

excipients.  
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Formulation development study 

 

PH SOLUTION STABILITY ASSESSMENT 

The manufacturer undertook a pH screening exercise to identify an appropriate pH for 

optimum cysteamine bitartrate solution stability. The effect of pH on solution stability 

comprised the first aspect of the formulation screening exercise.  

 

The stability of nominal 200 mg/mL cysteamine bitartrate solution was assessed over a range 

of pH’s (5.5, 6.5 and 7.5). Small volumes (40 mL) were prepared (materials and formulations 

shown below in table), sealed in Type I glass vials and set down on short term stability at three 

storage conditions ( -20°C, 2-8°C and 25°C/60% RH). The vials were assayed for cysteamine 

content and purity at T = 0, T = 6 hours and T = 24 hours. The appearance and pH were also 

recorded. To reduce the oxygen levels in the WFI, it was sparged with nitrogen before use. 

After identifying the stable formulation, the formulation was transferred to manufacturing 

GMP clinical batch.  

 

The materials used during the pH solution stability assessment are given in Table below.  

Table: Materials 

Material Supplier Lot 

Cysteamine bitartrate Cambrex 002155CYSFA 

WFI Baxter 20BIOBAIB 

10M Sodium hydroxide Merck B1359182727 

 

The formulations (prepared at a 40 mL scale) and stability conditions are provided in the 

Tables below.  

 

Table: Formulation details 

Formulation [Cysteamine bitartrate] (mg/mL) Target pH 

F1 200 5.5 

F2 200 6.5 

F3 200 7.5 

 

Storage condition Time-point 

 T = 0 T = 6 hours T = 24 hours 

-20°C APH APH APH 

2-8°C APH APH 

25°C/60% RH APH APH 

A=Appearance of solution; P=pH; H =HPLC 
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Results 

 

Appearance and pH results 

 

There was no significant change in appearance or pH for Formulation 1, 2 and 3 at any of the 

storage conditions throughout the pH solution stability study.  

 

Assay results 

 

Assay results for Formulation1: Assay (mg/mL) 

Formulation/ 
storage 

Prep 1 
(mg/mL) 

Prep2 
(mg/mL) 

Mean 
(mg/mL) 

Theoretical1 
(%) 

Rec./T = 0 
(%)2  

T = 0 192.644 190.592 191.618 95.8 - 

T = 6 h, -20°C 189.208 192.240 190.724 95.4 99.5 

T = 6 h, 2-8°C 190.362 192.119 191.240 95.6 99.8 

T = 6 h,  
25°C/60% RH 

188.149 185.321 186.735 93.4 97.5 

T = 24 h, -20°C 187.944 193.378 190.661 95.3 99.5 

T = 24 h, 2-8°C 189.135 189.324 189.230 94.6 98.8 

T = 24 h, 
25°C/60%RH 

185.604 181.125 183.365 91.7 95.7 

1Calculated as percentage of theoretical 200 mg/mL; 2Calculated as a percentage of recovery v T = 0. 

 

No significant loss in % Recovery was noted over the 24 h stability period for Formulation 1 

when stored at -20°C. There is a slight drop in % Recovery for formulation 1 when stored at 

conditions, 2-8°C and 25°C/60% RH. The % Recovery loss is more significant at the accelerated 

condition, 25°C/60% RH. 

 

Assay results for Formulation2: Assay (mg/mL) 

Storage Prep 1 
(mg/mL) 

Prep2 
(mg/mL) 

Mean 
(mg/mL) 

Theoretical 
(%)1 

Rec./T = 0 
(%)2 

T = 0 187.779 187.633 187.706 93.9 - 

T = 6 h, -20°C 181.677 183.746 182.712 91.4 97.3 

T = 6 h, 2-8°C 179.223 165.852 172.537 86.3 91.9 

T = 6 h,  
25°C/60% RH 

176.753 172.846 174.799 87.4 93.1 

T = 24 h, -20°C 185.296 184.307 184.801 92.4 98.5 

T = 24 h, 2-8°C 181.280 175.690 178.485 89.2 95.l 

T = 24 h, 
25°C/60% RH 

157.975 159.414 158.695 79.3 84.5 

1Calculated as percentage of theoretical 200 mg/mL; 2Calculated as a percentage of recovery v T=O. 

 

Slight loss in % Recovery for Formulation 2 over the 24hr stability period when stored at 20°C. 

There is a significant loss for samples stored at 2-8°C at the T = 6 h time point however, after 
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24 h the % Recovery increases. The initial loss potentially could be due to sample preparation 

as the sample area for the replicates between the samples at T = 6 h varies. There is a 

significant drop in % Recovery (>10%) over the 24 h period at 25°C/60% RH. 

 

Assay results for Formulation3: Assay (mg/mL) 

Storage Prep 1 
(mg/mL) 

Prep2 
(mg/mL) 

Mean 
(mg/mL) 

Theoretical 
(%)1 

Rec.IT = 0 
(%)2 

T = 0 169.903 157.172 163.538 81.8 - 

T = 6 h, -20°C 177.846 172.789 175.317 87.7 107.2 

T = 6 h, 2-8°C 163.057 161.418 162.237 81.1 99.2 

T = 6 h,  
25°C/60% RH 

132.848 156.177 144.512 72.3 88.4 

T = 24 h, -20°C 173.892 149.443 161.668 80.8 98.9 

T = 24 h, 2-8°C 164.630 136.752 150.691 75.3 92.1 

T = 24 h, 
25°C/60% RH 

136.748 125.133 130.940 65.5 80.1 

1Calculated as percentage of theoretical 200 mg/mL; 2Calculated as a percentage of recovery v T=0. 

 

Initial recovery (T = 0) for Formulation 3 is lower than expected (<90%) and the lowest 

recovery obtained when compared to the other two formulations. The % Recovery for the 

-20°C condition at T = 6 h increased however, at T = 24 h the recovery was comparable to T 

= 0. There is a significant loss in % Recovery for both 2-8°C and 25°C/60% RH conditions 

throughout the stability study. 

 

Related substances 

 

Formulation1; Related Substances (rel area%) 

RRT Time-point/storage 
Initial 
(T = 0) 

T = 6 h, 

-20°C 

T = 24 h, 

-20°C 
T = 6 h, 
2-8°C 

T = 24 h, 
2-8°C 

T = 6 h, 
25°C/60% RH 

T = 24 h, 
25°C/60% RH 

3.06 ND ND ND ND ND ND ND 

3.38 ND ND ND ND ND ND ND 

Cystamine 
(base) 

3.04 3.70 4.64 4.17 5.05 5.77 8.22 

Total 3.0 3.7 4.6 4.2 5.1 5.7 8.2 

ND: Not Detected 
 

There is a significant increase in cystamine (base) for all storage conditions over the 24 h 

stability study. The most significant increase in % rel area of Cystamine is obtained at the 

25°C/60%RH storage condition. 
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Formulation2 ; Related Substances (rel area%) 

RRT Time-point/storage 
Initial 
(T = 0) 

T = 6 h, 

-20°C 

T = 24 h, 

-20°C 
T = 6 h, 
2-8°C 

T = 24 h, 
2-8°C 

T = 6 h, 
25°C/60% RH 

T = 24 h, 
25°C/60% RH 

3.06 ND ND ND ND ND ND ND 

3.38 ND ND ND ND ND ND ND 

Cystamine 
(base) 

3.80 7.45 6.13 12.81 10.40 11.81 21.45 

Total 3.8 3.5 6.1 12.8 10.4 11.8 21.5 

 

There is a significant increase in cystamine (base) for all storage conditions over the 24 h 

stability study. There is a larger increase in cystamine obtained with Formulation 2 than 

what was obtained with Formulation 1 and the most significant increase in % rel area of 

cystamine was obtained at condition 25°C/60% RH. 

 

Formulation3; Related Substances (rel area%) 

RRT Time-point/storage 
Initial 
(T = 0) 

T = 6 h, 
-20°C 

T = 24 h, 

-20°C 
T = 6 h, 
2-8°C 

T = 24 h, 
2-8°C 

T = 6 h, 
25°C/60% RH 

T = 24 h, 
25°C/60% RH 

3.06 ND ND ND ND ND ND ND 

3.38 ND ND ND ND ND ND ND 

Cystamine 
(base) 

19.90 14.38 22.52 21.42 28.05 31.42 38.50 

Total 19.9 14.4 22.5 21.4 28.1 31.4 38.5 

 

There is a significant increase in cystamine (base) for all storage conditions over the 24 h 

stability study with the exception of T = 6 h for -20°C which sees a decrease in Cystamine. 

However, it has increased at T =2 4 h and is greater than the% rel area at T = 0. 

Formulation 3 sees the largest increase in cystamine in comparison to Formulation 1 and 

Formulation 2 with the most significant increase in % rel area obtained at condition 

25°C/60% RH. 

 

Conclusion 

 

The pH of the three formulations remained stable throughout the stability study for all 

assessed storage conditions. 

 

There is a clear trend of decreasing assay after 24 hours storage at 25°C/60% RH with 

increasing pH target for the formulation (F1 = 95.7%, F2 = 84.5%, F3 = 80.1%). 
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The related substances data shows that with increasing pH the total related substances, 

primarily cystamine (base), also increases (F1 = 8.2 % rel area, F2 = 21.5 % rel area, F3 = 38.5 

% rel area). 

Based on these findings a target pH of pH 5.5 was selected for the upcoming non-GMP 

technical batch as this formulation (F1) was the most stable with regards to assay and related 

substances. 

 

Description of technical batch (Batch No: 001/NVB/20) 

 

Small scale non-GMP technical batch (Batch No: 001/NVB/20) of IV cysteamine bitartrate was 

first manufactured in May 2020 using the formulation and processes as identified in preceding 

stages. A non-GMP batch size of 1400 mL active solution at 200 mg/mL cysteamine 

corresponding to 500 vials was manufactured. The formulation composition of the non-GMP 

technical batch, (Batch No: 001/NVB/20) is reported in the table below. The vials were 

labelled standard label of the IMP manufacturer and stored in the freezer at -15 to -25°C. The 

technical Batch Record (TBRs) was prepared to document the manufacture and support 

future technical transfer to GMP manufacturing.  

 

Material description Concentration (mg/mL) Weight for 1400 mL batch 

Cysteamine bitartrate 

(API lot number: 751111) 

200 282 g* 

Sodium hydroxide solution 

10M 

- q.s. pH 5.5 

Water for Irrigation (WFI) - q.s. 1400 mL 

*no potency correction required. 

The non-GMP was manufactured with the final formulation composition to support the 

developmental analytical work, analytical method validation, non-GMP stability testing and 

in preparation for GMP manufacture and validation of sterility testing.  

 

Clinical batch (lot No. P04620) 

 

Large scale GMP production of the IMP was manufactured on Dec 2020. A batch size of 

approximately 18,500 mL, corresponding to 7000 vials was manufactured for clinical trial use 

and also for supporting the GMP stability data. The formulation of the GMP clinical batch is 

provided below in Section 2.1.P.3.2 (Batch formula). After manufacturing, the vials were 

stored in freezer at -15°C TO -25°C.  

 

 

 

 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 102 of 255 
 

Method of preparation and administration of IV cysteamine bitartrate 

 

IV cysteamine bitartrate 200 mg/mL should be reconstituted in 100 mL of 0.9% NaCl prior to 

administration. The stability and compatibility testing of the cysteamine bitartrate solution 

with the diluent and IV administration sets are provided in the Stability Section 2.1.P.7. The 

instructions for preparation and IV administration cysteamine bitartrate are summarised 

below and a full description for thawing process and instructions for administration are 

provided in the pharmacy guide version 3 dated 18 August 2021. 

 

Instructions for IV administration of cysteamine bitartrate 

 

• Cysteamine bitartrate 200 mg/mL is a concentrated solution and should be diluted in 0.9% 

NaCl prior to administration intravenously. 

• Calculate the volume (mL) of cysteamine bitartrate required based on patient’s estimated 

or actual body weight. 

• Withdraw the required volume of cysteamine bitartrate using a needle and 1 mL or 5 mL 

syringe and add to a 100 mL 0.9% NaCl solution infusion bag. 

• Invert the infusion bag 10 times to ensure homogenous mixture of the solution. Inspect 

the bag and only bags which are clear and free of visible particles can be infused. 

• Attach the bag to the IV administration set and then set the rate to administer the entire 

infusion bag within 15 minutes. 
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 Manufacturer(s) 
 

Both non-GMP and GMP batch of IV cysteamine bitartrate was manufactured by:  

Curia (Scotland) Limited 

Todd Campus,  

West of Scotland Science Park,  

Glasgow G20 0XA, 

United Kingdom. 

Albany Molecular Research Inc. (Glasgow) Limited changed its company name from AMRI to 

Curia (Scotland) Limited in July 2021. However, the address remained same. As the company 

changed its name during the project, AMRI and Curia (Scotland) are being mentioned 

interchangeably throughout the document.  

 

Albany Molecular Research Inc. (Glasgow) Limited performed the developmental analytical 

works, In-Process Controls, In-use testing, stability testing, batch release, GMP batch 

certificate and QP release of the bulk IMP product and labelling and packaging of the vials. A 

copy of the manufacturer’s authorization and GMP certificate of Albany Molecular Research 

Inc. (Glasgow) Limited is enclosed in Appendix 3.1.A.1.  

In Apri 2022, NovaBiotics moved the clinical trial supply services to Catalent CTS (Edinburgh) 

Limited.  

 

Catalent CTS (Edinburgh) Limited 
Unit 1, Inchwood Park,  
Bathgate,  
West Lothian, EH48 2FY 
United Kingdom 
 

Under the QP-to-QP agreement between Curia (Scotland) Limited and Catalent CTS 

(Edinburgh) Limited, Curia will perform interim QP release before shipping IMP vials (both 

labelled and unlabelled vials) to Catalent. Catalent will perform labelling and packaging of the 

cysteamine vials, final QP release and supply of cysteamine IMP kits to clinical sites. A copy of 

the manufacturer’s authorization, GMP and GDP compliance certificate of Catalent CTS 

(Edinburgh) Limited are enclosed in Appendix 3.1.A.1. 

 

Sterility testing was conducted by AMRI contractors:  
 
Charles River Laboratories Ireland Limited 
Carrentrilla, Ballina 

Co. Mayo 

Ireland 

F26 A786 
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 Batch formula 
 

The batch size (lot No. P04620) of 7000 vials corresponding to 18,500 mL of cysteamine 

bitartrate solution was manufactured and filled in a 2 mL clear glass vials with a fill volume of 

2.5 mL per vial. The batch formula is reported in the table below.  

Material description Concentration (mg/mL) Quantity required for 

GMP batch (18,500 mL) 

Cysteamine bitartrate 200 3775.5 g 

Sodium hydroxide 

solution 10 M 

- 800 g 

Water for irrigation (WFI) - 20368.5 g 

   

 

 Description of manufacturing process and process controls 

 

This section summarises the manufacturing process of the IMP.   

 

Drug product, Bulk Manufacturing 

The API cysteamine bitartrate was dissolved in purged WFI and mixed with NaOH solution to 

attain a target pH for the IV cysteamine bitartrate solution. WFI was sparged for ≥30 minutes 

ahead of all manufacturing activities. Nitrogen was used to overlay vials and for purging bulk 

solution. Cysteamine bitartrate is oxygen sensitive, therefore headspace of material 

weighed/vessels/vials were blanketed with nitrogen during all compounding activities due to 

stability of product.  

 

Calculations for preparing NaOH solution and cysteamine bitartrate solutions for bulk 

manufacturing are provided in the tables below.  

Sodium hydroxide solution calculation: 10 M NaOH Solution. Density 1.33 g/mL 
Material Ingredient Item 

Master number 

Quantity required Quantity 

weighed 

Sodium hydroxide - Ph.Eur, BP, 

FCC, JP,NF, E524 (CAS # 1310-73-2) 

GRMA0105 800 g 800 g 

Water for irrigation (WFI in Bulk) Ph. 

Eur. (Contained in Bottles) 

GRMA0042 2660.0 g 2660.02 g 

Mole x Relative Molecular Mass = Mass 

RMM of Sodium hydroxide (NaOH) = 40.00 g/mol Mole = 10 

10 mol x 40.00 g/mol = 400 g; 2 L x 400 g = 800 g 
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Cysteamine bitartrate calculations: Density: 1.101 g/mL 

Material Ingredient Item 

Master number 

API batch 

number 

Quantity 

required 

Quantity 

weighed 

Cysteamine bitartrate (API) GAPI0263 860202 3775.5 g 3775.5 g 

Water for irrigation (WFI in Bulk) Ph. 

Eur. (Contained in Bottles) 

GRMA0042  20368.5 g 20418.6** 

Assay (by titration on dried basis) *: 98.0% (per API CoA) 
Concentration required: 200 mg/mL 
Batch volume required: 18500 mL 
API required: Concentration x volume: 200 mg/mL x 18500 mL = 3775510 mg = 3775.5 g 
                         Correction factor                         98.0% 

Batch weight= volume x density = 18500 mL x 1.101 g / mL = 20368.5 g 
70% Batch weight = 20368.5 g x 0.70 = 14258.0 g 

*Assay value used for correction factor 
**Target bulk weight was 20368.5 g, however the actual weight recorded after transferring solution 
to compounding vessel 2 was 20418.6**. Therefore, the target weight was overshot by 50.1 g 
(represents 0.2% overshot). Authorisation was given to proceed without further adjustment as this 
overage will not impact on the quality of the product. This issue was discussed with QA and the 
cause of the issue was found to relate to the way the solution was prepared. The initial dissolution 
weight should have been 70% of the target batch volume instead of the target batch weight and as 
a corrective action, this should be followed for the future manufacturing of the product to prevent 
recurrence of this issue. A note to file was prepared documenting this deviation and signed by QA.  

Batch configuration is as given in the table below: 

Batch configuration 

VIAL SIZE AND TYPE Vial – 2 mL clear (VC002-13C) 

STOPPED SIZE AND TYPE 13 mm Injection Stopper Flurotec (New Generation) 4023/50 

B2-40 Westar RS (WPS # 1012- 2737) INJ13TB3WSRS 

OVERSEAL SIZE AND TYPE 13 mm Tear Off Overseal CETW13 WPS # 5920-2274 

FILTER TYPE (PRE-FILTRATION) Millipak 100 MPGL1GCL3 (0.22 µm) 

FILTER TYPE (STERILE FILTRATION) Millipak 60 PUPSIT System MIL0001L1807247 (0.22 µm) 

HOLDING VESSEL / TUBING 20 L Jacketed Bottle with 3.2 mm bung assembly/1.6 mm filling 

line 

 

The handling requirements of the materials are as follows: 

Material description Handling requirements 

Cysteamine bitartrate Hygroscopic, keep container sealed, store in desiccator. 

Sodium hydroxide Corrosive, wear appropriate PPE and use in fume hood. 

WFI Purge WFI with nitrogen prior to use 
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A flow chart of the IV cysteamine bitartrate manufacturing process is provided below 
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Drug product, sterile filtration and filling of vials 

IMP solution was passed through two sterile filter, Millipak 60 (0.22 μm) and the headspace 

of holding vessel was blanketed with nitrogen throughout the filling process. After the sterile 

filtration, filtrate was filled by peristaltic pump, into 2 mL Type I glass vias (Schott). The vials 

were filled and purged with nitrogen after dosing and were closed with butyl rubber Flurotec 

coated stoppers (West) and secured with over-seals (West). Weight checks were carried out 

for every 200 vials and at the end of the tray. Crimps were checked at the end of every tray. 

If crimp filling failed, vials were passed out of the clean room for reconciliation. 

 

Visual inspection 

Vials were visually inspected. As the drug product is temperature sensitive, IMP was stored 

at -20 ± 5°C and visual inspection was carried out on dry ice on a box-by-box basis to minimize 

the time out of storage. Due to the limitations of inspecting frozen vials, a destructive test 

method was applied whereby 20 vials were thawed and inspected as liquid vials.  

Naked primary containers were packed into black Corex boxes following visual inspection and 

identified using standard label text of Albany Molecular Research Inc. (Glasgow) Limited. 

 

Premises, equipment, and materials 

All manufacturing operations were carried out according to the current Good Manufacturing 

Practices. All product contact items including vials, glassware and peripherals will be sterilised 

by depyrogenation in the hot air oven at 250°C for 120 minutes after twice rinsing with WFI. 

Product contact tubing, stoppers and over-seals will be twice rinsed with WFI then sterilised 

by autoclaving for >15 minutes at 121°C then dried overnight in a drying oven. The cleanliness 

of premises and equipment was checked before each manufacturing operation. All operations 

followed approved standard operating procedures. Personnel wore suitable clothes. 
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 Control of critical steps and intermediates 
 

The following In-Process tests were carried out.  

In-Process Controls 

The following In-Process controls executed during the bulk manufacturing process. 

Bioburden samples were taken from the bulk formulation (10 mL) and post pre-sterilisation 

filtration (100 mL). Both samples were tested as part of routine GMP batch manufacture. 

Using the bulk formulation, verification of the standard AMRI Glasgow bioburden approach 

was undertaken. Formulation was passed through a filter and growth promotion performed 

with two challenge organisms: 

• Staphylococcus aureus 

• Candida albicans. 

Control Phase/Test Sample size Storage Specification 
criteria 

Bioburden 
sampling 

Pre-filtration bulk 
solution (Pre-bioburden 
reducing filtration) 

10 mL sample/ 
Millipak 100  

pre-filter. 

Checked for 
appearance and 
stored at -20 °C 
prior to testing 

<100 cfu/100 mL 

Bioburden 
sampling 

Pre-filtration bulk 
solution (Post bioburden 
reducing filtration) 

100 mL sample <10 cfu/100 mL 

 

Results: Samples passed bioburden testing.  

 

ADSORPTIVE LOSSES ON FILTRATION  

During GMP manufacture, the bulk solution was filter sterilised (0.22 µm pore size). 

Therefore, as part of formulation development work, a filtration assessment for cysteamine 

bitartrate drug product at a concentration of 200 mg/mL was carried out. Compatibility with 

the filter and possible loss of material by adsorption onto the filter membrane and housing 

was investigated. The useful in-house arrangement was to ensure that the ratio of filtered 

volume (mL) to total filter surface (cm2) is ≥5.  

Table: Batch details  

Component Concentration (mg/mL) 

Cysteamine bitartrate 200 

WFI q.s. 400 mL 

10M Sodium Hydroxide q.s. pH 6.5 

 

The formulation detailed in Table above was prepared at 400 mL scale.  
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A bulk solution (500 mL) was prepared at a selected pH of 6.5 pH (selected prior to completion 

of pH solution stability assessment).  A known volume was passed, by peristaltic pump and 

platinum-cured silicone tubing through proprietary grade filter capsules of known surface 

area to assess adsorptive losses per cm² of filter surface area. The two filter membrane types 

which were assessed were Polyvinylidene fluoride (PVDF) and polyether sulfone (PES). 

Ease of filtration, measured as the back pressure up-stream of the filter was assessed for each 

filter type. Cysteamine bitartrate concentration in the five successive early samples of the 

filtrate and the final bulk filtrate have been determined by HPLC. The pH of the pre-filter and 

final bulk solution has been measured. Typically, a pre-filtration sample is retained and 

analysed by HPLC along with the five successive samples of the filtrate. Unfortunately, in this 

case, a pre-filtration sample was not taken in error, this was only discovered once the sample 

had been passed through each of the filters. 

The filter details and materials used are provided in the Table below.  

Filter details 

Description Filter 

membrane 

Filter housing Supplier Item no. Lot no. 

Mini Kleenpak PES Polypropylene/ 

polycarbonate 

Pall KAOZEBVPZS IE9176 

Millipak 20 PVDF Polycarbonate Millipore MPGLO2GH2 C0AB89480 

 

Table: Materials 

Component Concentration (mg/mL) Supplier  Lot 

Cysteamine bitartrate 200 Cambrex 751111 

WFI q.s. Baxter 20B10BA1B 

10 M Sodium hydroxide q.s. Merck B1359182727 

 

Table: Testing requirements  

Test Sample size Method Criteria 

Appearance N/A Visual Record results 

for 

information 

only 

Cysteamine bitartrate Assay & Related 

substances 

N/A IMPD v01 of oral 

cysteamine 

bitartrate 
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Experimental 

Preparation of 200 mg/mL cysteamine bitartrate solution 

The formulation detailed in Table above was prepared at 400 mL scale as per the following 

method:  

Approximately 500 mL of WFI was sparged with nitrogen gas for 15 minutes and 80.0543 g of 

cysteamine bitartrate API was weighed into a glass beaker. Following this, 200 mL of nitrogen 

sparged WFI was measured and transferred to a 600 mL glass beaker containing a magnetic 

stirrer bar. The API was added to the 200 mL of the nitrogen sparged WFI whilst stirring until 

completely dissolved, dissolution took approximately 15 minutes. 

The pH of the solution was measured, pH 3.38, and adjusted to pH 6.47 using approximately 

35 mL of 10 M NaOH. Once the pH was adjusted, the solution was transferred to two 200 mL 

volumetric flasks and made to volume with the nitrogen sparged WFI. The flasks were 

inverted to mix and combined in the original compounding beaker. 

Filtration of 200 mg/mL cysteamine bitartrate solution 

The bulk was split into two 200 mL solutions to assess both filter types.  200 mL of solution 

was filtered through each of the capsule filters using a 150 cm length of PharMed®   BPT 

tubing and a peristaltic pump.  Filtration was carried out at a speed of 15 rpm.  No significant 

increase in backpressure was observed in the BPT tubing upstream of the filter. 

Aliquots were collected throughout the filtration process as follows: 

•     0-10 mL 

•     10-20 mL 

•     20-30 mL 

•     30-40 mL 

•     40-50 mL 

•     Hold sample 

•     Bulk filtrate (~150-200 mL) 

The aliquots, hold sample and bulk filtrate were analysed by HPLC for assay and related 

substances to determine whether there was a loss of assay on the filter membrane or 

extractables/leachables indicating incompatibility with the membrane or filter housing. The 

appearance of each aliquot was also recorded. 
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Results for Adsorptive losses on filtration 

Appearance  

There was no significant change in appearance between early aliquots, the hold sample or 

the final post-filtration final bulk using the PES or PDVF filter. From the data obtained, there 

was no significant difference between PES and PVDF filters when assessing appearance.  

Assay (concentration)  

The data for the PES membrane filter showed a 103.8% theoretical recovery was achieved for 

the first aliquot, 0-10 mL, Table below. In the second aliquot, 10-20 mL, a slight drop in 

theoretical assay was observed, 97.9%. However, all other recoveries, including the hold 

sample and the bulk filtrate, were within 99.3-100.9% of the theoretical concentration. This 

suggested that there were no significant losses on filtration when using the PES filters. 

Table: Assay, PES filter 

Sample Prep 1 
(mg/mL) 

Prep 2 
(mg/mL) 

Mean 
(mg/mL) 

Rec./theory* 
(%) 

Early aliquot 1, 0-10 mL 201.305 213.767 207.536 103.8 

Early aliquot 2, 10-20 mL 199.818 191.648 195.733 97.9 

Early aliquot 3, 20-30 mL 199.990 197.169 198.579 99.3 

Early aliquot 4, 30-40 mL 200.784 201.999 201.392 100.7 

Early aliquot 5, 40-50 mL 200.734 202.722 201.728 100.9 

Hold sample 202.926 200.002 201.464 100.7 

Final bulk 200.040 199.650 199.845 99.9 

*As percentage of theoretical 200 mg/mL. 

The data for the PVDF membrane filter showed a 100.9% theoretical recovery was achieved 

for the first aliquot, 0-10 mL, Table below.   All recoveries, including the hold sample and the 

bulk filtrate, were within 99.1 - 101.9% of the theoretical concentration. This suggested that 

there were no significant losses on filtration when using the PVDF filters. 

Table: Assay, PVDF filter 

Sample Prep 1 
(mg/mL) 

Prep 2 
(mg/mL) 

Mean 
(mg/mL) 

Rec./theory* 
(%) 

Early aliquot 1, 0-10 mL 202.952 200.703 201.828 100.9 

Early aliquot 2, 10-20 mL 200.986 195.428 198.207 99.1 

Early aliquot 3, 20-30 mL 199.488 202.577 201.033 100.5 

Early aliquot 4, 30-40 mL 195.978 201.384 198.681 99.3 

Early aliquot 5, 40-50 mL 202.805 202.183 202.494 101.2 

Hold sample 203.539 204.048 203.793 101.9 

Final bull 203.243 201.630 202.436 101.2 

*As percentage of theoretical 200 mg/mL. 
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Conclusion 

In conclusion, there was no significant difference in appearance or cysteamine bitartrate 

theoretical concentration after filtration using PES or PVDF membrane filters. 

Comparing the two filter membrane types, PES and PVDF, both behave similarly with no 

significant loss of active material in the early aliquots. There was slightly more variability in 

the assay results for aliquots collected after filtration through the PVDF membrane filter 

(range 99.1 % - 101.9 %) compared to the PES filter data (range 99.3 % - 100.0 %). 

Both filter types are appropriate for use when manufacturing the 200 mg/mL cysteamine 

bitartrate formulation detailed in Table: Batch details above. PVDF membrane filters were 

selected for use in manufacturing the non-GMP technical batch. 

BULK SOLUTION STABILITY 

The stability of the non-GMP technical batch (lot No: 001/NVB/20) bulk solution was assessed 

at two storage conditions: refrigerated (2-8°C) and ambient. Volumes of the bulk filtrate 

sealed in Schott bottles were held at refrigerated (2-8°C) and ambient conditions for up to 48 

hours. Bulk solution was assessed by means of appearance, pH and HPLC at T = 0 and three 

other time-points (T = 15 h, T = 24 h and T = 48 h).  

Results 

There is no significant change in appearance over the 48 h stability study period when samples 

were stored at both 2-8°C and ambient conditions.  

Assay and related substances 

Table: Pre- and Post-filtration assay 

Timepoint/storage Vial 1 

cysteamine 

bitartrate 

(mg/mL) 

Vial 2 

cysteamine 

bitartrate 

(mg/mL) 

Mean 

cysteamine 

bitartrate 

(mg/mL) 

Rec./theory 

(%)1 

Rec./Pre-

filt (%)2 

001/NVB/20 Pre-filt 205.273 203.270 204.272 102.1 - 

001/NVB/20 Post-filt 204.479 203.047 203.763 101.9 99.8 
1Calculated as percentage of theoretical 200 mg/mL; 2Calculated as a percentage of recovery v pre-

filtration.  
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Table: Pre- and Post-Filtration related substances 

RRT Pre-filtration Post-filtration 

3.06 0.15 0.14 

3.38 <LOQ <LOQ 

Cystamine (base) 1.53 1.57 

Total1 1.68 1.71 
1Sum of related substances ≥0.05%. 

 

Table: Assay, 2-8°C 

Timepoint/ 
storage 

Prep 1 
(mg/mL) 

Prep 2 
(mg/mL) 

Prep 3 
(mg/mL) 

Mean 
(mg/mL) 

Theoreti
cal1 (%) 

Rec./         
T = 02 (%) 

Rec./Pre
-filt3 (%) 

Initial (T = 0) 203.533 203.726 204.791 204.017 102.0 - 99.9 

2-8°C T = 15 h 206.191 206.621 - 206.406 103.2 101.2 101.0 

T = 24 h 206.784 206.995 - 206.889 103.4 101.4 101.3 

T = 48 h 205.668 206.986 - 206.327 103.2 101.1 101.0 
1Calculated as percentage of theoretical 200 mg/mL; 2Calculated as a percentage of recovery v T = 0; 
3Calculated as a percentage of recovery vs pre-filtration.  
 

Table: Assay, Ambient 

Time-point/ storage Prep 1 
(mg/mL) 

Prep 2 
(mg/mL) 

Prep 3 
(mg/mL) 

Mean 
(mg/mL) 

Theoreti
cal1 (%) 

Rec./         
T = 02 (%) 

Rec./Pre
-filt3 (%) 

Initial (T = 0) 203.533 203.726 204.791 204.017 102.0 - 99.9 

Ambient T = 15 h 206.512 206.410 - 206.461 103.2 101.2 101.1 

T = 24 h 206.417 206.525 - 206.471 103.2 101.2 101.1 

T = 48 h 205.726 206.602 - 206.164 103.1 101.1 100.9 
1Calculated as percentage of theoretical 200 mg/mL; 2Calculated as a percentage of recovery v T = 0; 
3Calculated as a percentage of recovery vs pre-filtration.  
 
 

Table: Related substances, 2-8°C 

RRT Timepoint 

Initial (T = 0) 15 h 24 h 48 h 

3.06 0.14 0.12 0.14 0.13 

3.38 <LOQ <LOQ <LOQ <LOQ 

Cystamine (base) 1.61 1.52 1.58 1.85 

Total1 1.75 1.64 1.72 1.98 
1Sum of related substances ≥0.05%. 
 

Table: Related substances, Ambient 

RRT Timepoint 

Initial (T = 0) 15 h 24 h 48 h 

3.06 0.14 0.09 0.09 0.06 

3.38 <LOQ <LOQ <LOQ <LOQ 

Cystamine (base) 1.61 1.63 1.70 2.03 

Total1 1.75 1.72 1.79 2.09 
1Sum of related substances ≥0.05%. 
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Conclusions 

There was no significant difference in assay or related substances between pre-filtration and 

post-filtration samples for the technical batch bulk solution stability study. 

No significant changes in appearance were observed over the 48 h stability study period for 

samples stored at 2-8°C or ambient conditions. 

There was no significant difference in assay for bulk stability samples over the 48 h time 

period at both 2-8°C and ambient conditions. All recoveries were within 101.2 - 101.4% 

(compared to T = 0). A slight increase in total related substances was observed after the 48 h 

time-point for both 2-8°C and ambient conditions. This was due to an increase in cystamine 

(base) impurity. 

 

 Process validation and/or evaluation 
 

Pre-filtration bioburden testing of cysteamine bitartrate 200 mg/mL was validated based 

upon the European Pharmacopoeia (2.6.12) methodology. To show suitable validation of the 

method, growth of the five designated compendial Challenge microorganisms (and 1 house 

organism) were assessed and evaluated.  The challenge microorganisms and incubation 

period were: 

Challenge Microorganism Temperature Duration 

Staphylococcus aureus, ATCC 6538  30-35°C 64 hours 59 minutes 

Pseudomonas aeruginosa, ATCC 9027  

Bacillus subtilis, ATCC 6633 

Micrococcus luteus (house organism) 

Candida albicans, ATCC 10231  20-25°C 67 hours 15 minutes 

Aspergillus brasiliensis, ATCC 16404  
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Results 

CHALLENGE 

MICROORGANISM 

CFU CFU 
+VE CONTROL 

PERCENTAGE OF CONTROL PASS/ 
FAIL 

Staphylococcus aureus 60 52 115.38 PASS 

Pseudomonas 

aeruginosa 

46 53 86.79 PASS 

Bacillus subtilis 45 58 77.59 PASS 

Candida albicans 38 46 82.61 PASS 

Aspergillus brasiliensis 21 21 100 PASS 

Micrococcus luteus 71 80 88.75 PASS 

Negative control 0   PASS 

The positive control plates were within <100 CFU specification, which confirms a valid 

recovery concentration of organisms inoculated onto the membrane. 

The percentage recoveries of all organisms on the membrane following exposure to 

cysteamine and neutralisation buffer are all within the 50-200% criteria. 

Conclusion: The data generated supports the method suitability for the challenge 

microorganisms and demonstrates successful neutralisation of any antimicrobial activity 

present in the cysteamine samples. This method is therefore suitable for in-process testing in 

support of manufacture. 

 

Thawing process  

 

USP 790 test was performed to check that the IMP solution was clear of contamination. 20 

vials were thawed at ambient temperature for an hour and were then manually agitated each 

vial for 30 seconds and checked for any particulates in solution. If particulates were evident, 

the vial was agitated again for a further 30 seconds to ensure the solution was clear and there 

was no material. Any particulates observed after second agitation was considered as a foreign 

to the solution and was marked as failed test. During various analytics testing and stability 

testing, thaw time for IMP vials noted to be 25 minutes at ambient and 40 minutes at 2-8°C.  

 

2.1.P.3 Control of excipients 
 

 Specifications  
 

Water for irrigation (water for injection in bulk) and sodium hydroxide were the excipients 

that were used in the manufacture of cysteamine bitartrate 200 mg/mL.  Both excipients are 

complaint European Pharmacopoeia (Ph.Eur.) and the specifications are provided below.  
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Specification for water for irrigation 

Product details 

Item Master Number: GRMA0042 Status: Active 

Description: Water for irrigation (water for injection in bulk) 

Standard Expiry Period: 730 Storage: Ambient (15-25°C) 

Supplier: TPS Supplier Part Number: UKF7114 

Grade: Ph Eur Drawing reference:  N/A 

 

Sample requirements 

Release: 1 bottle Full Compendial: N/A 

Retest: N/A Retain: None 

 

Approval requirement  

Test 1: Appearance: Clear, colourless 
liquid 

Test 2: Complies with 
Pharmacopeial 
requirements for TOC 

Test 3: Complies with Pharmacopeial 
requirements for Conductivity 

Test 4: 0 

Endotoxin 
Level: 

From CofA Calculation of 
Bioburden: 

From CofA 

 

Documentation requirements  

TSE/BSE Statement: Yes Certificate of Analysis/Conformity: Yes 

Certificate of Irradiation: No Certificate of Sterility: No 

Other 1: NIA Other 2: NIA 

 

Specification for sodium hydroxide 

Product details 

Item Master Number: GRMA0105 Status: Active 

Description: Sodium hydroxide: Ph. Eur, BP, FCC, JP, NF, E524  

(CAS # 1310-73-2) 

Standard Expiry Period: 730 Storage: Ambient (15-25°C) 

Supplier: VWR International 

Ltd 

Supplier Part 

Number: 

1.06482.1000 

Grade: BP, Ph Eur, NF Drawing 

reference:  

N/A 
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Sample requirements 

Release: 1g Full Compendial: 30 g 

Retest: N/A Retain: 60 g 

 

Approval requirement  

Test 1: Appearance: White 
to off-white powder 

Test 2: Complies with Ph Eur 
Identity Tests 

Test 3: N/A  Test 4: N/A 

Endotoxin Level: Not Applicable  Calculation of 
Bioburden: 

Not Applicable 

 

Documentation requirements  

TSE/BSE Statement: Yes Certificate of Analysis/Conformity: Yes 

Certificate of Irradiation: No Certificate of Sterility: No 

Other 1: NIA Other 2: NIA 

 

 

 Analytical procedures 
 
Not applicable 

 

 Validation of the analytical procedures 
 

Not applicable 

 

 Justification of specifications 
 

Not applicable 

 

 Excipients of animal or human origin 
 

No excipients are of human or animal origin. Refer to Section 3.1.A.2. 

 

 Novel excipients 
 

None involved. 

 

 

 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 118 of 255 
 

2.1.P.4 Control of the investigational medicinal product 
 

 Specifications 
 

Product shelf-life specifications for cysteamine bitartrate 200 mg/mL vials 

Test Method Specification 

Appearance Visual, C/TE/8257 Clear solution: Colourless, free from visible 

particles 

pH C/EQ/8007 

Ph Eur 2.2.3, USP<791> 

Report results 

Osmolality C/EQ/8009 

Ph. Eur. 2.2.35, USP <785> 

Report results 

Identification 

(Retention Time) 

QCP003 (HPLC) Retention peak compares to the reference 

standard 

Identification 

(DAD Spectra) 

QCP003 (HPLC) λ max in the reference solution and in the 

sample solution are the same within ±3 nm 

Assay QCP003 (HPLC) 90.0 – 105.0%  

Purity QCP003 (HPLC) NLT 95%  

Impurities QCP003 (HPLC) Cystamine (base): ≤5.0% 

Any single unknown impurity: ≤0.15% 

Total unknown impurities: ≤0.5% 

Total impurities: ≤5.0% 

Volume in Container 

(Extractable Volume) 

AMRI 

C/GE/8516 

Ph Eur 2.9.17, USP<697> 

NLT 2.2 mL 

Particulate Matter C/EQ/8042 

Ph Eur 2.9.19 Method 1 

USP<788> Method 1 

Complies with Ph. Eur./USP 

Sterility Charles River Laboratories 

Ireland 

Ph Eur 2.6.1, USP<71> 

Sterile 

Endotoxins M/TE/5273 

Ph Eur 2.6.14, USP<85> 

NMT 10 EU/mL 
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Release specifications for cysteamine bitartrate 200 mg/mL vials 

Test Method Specification 

Appearance Visual, C/TE/8257 Clear solution: Colourless, free from visible 

particles 

pH C/EQ/8007 

Ph Eur 2.2.3, USP<791> 

Report results 

Osmolality C/EQ/8009 

Ph. Eur. 2.2.35, USP <785> 

Report results 

Identification 

(Retention Time) 

QCP003 (HPLC) Retention peak compares to the reference 

standard 

Identification 

(DAD Spectra) 

QCP003 (HPLC) λ max in the reference solution and in the 

sample solution are the same within ±3 nm 

Assay QCP003 (HPLC) 95.0 – 105.0%  

Purity QCP003 (HPLC) NLT 95%  

Impurities QCP003 (HPLC) Cystamine (base): ≤5.0% 

Any single unknown impurity: ≤0.15% 

Total unknown impurities: ≤0.5% 

Total impurities: ≤5.0% 

Volume in Container 

(Extractable Volume) 

AMRI 

C/GE/8516 

Ph Eur 2.9.17, USP<697> 

NLT 2.2 mL 

Particulate Matter C/EQ/8042 

Ph Eur 2.9.19 Method 1 

USP<788> Method 1 

Complies with Ph. Eur./USP 

Sterility Charles River Laboratories 

Ireland 

Ph Eur 2.6.1, USP<71> 

Sterile 

Endotoxins M/TE/5273 

Ph Eur 2.6.14, USP<85> 

NMT 10 EU/mL 
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 Analytical procedures 
 

The following analytical methods were carried out by Albany Molecular Research Inc. 

(Glasgow) Limited [AMRI] for cysteamine bitartrate, 200 mg/mL sterile drug product sealed 

in a 2 mL vial (fill volume 2.5 mL). All the analytical method verification procedures were based 

on AMRI standard operating procedures (SOPs) for each method and are designed to comply 

with USP and Ph. Eur. Requirements intended to support the technical studies, GMP batch 

release and clinical stability studies of cysteamine bitartrate, 200 mg/mL drug product. 

Sample preparation 

As samples were stored frozen, the following sample preparation was performed for all the 

analytical procedures:  

• Thaw sample vials at ambient conditions for 1 hour. 

• Manually agitate each vial for 30 seconds and check for any particulates in solution. 

• If particulates are evident agitate again for a further 30 seconds to ensure material is fully 

in solution and no visible particulates are observed.  

APPEARANCE 

Clear, colourless solution, free from visible particulate matter. 

Method: Visual observation.  

Procedure 

• Sample solutions were assessed as it was. No further dilution or manipulation of the 

sample was performed. 

• For each test sample vial, the container was held by its top, and carefully swirled the 

contents so that the solution into contact with all surfaces including the stopper. 

• Looked at the container contents in an area with suitable lighting for approximately 5 

seconds each. Recorded the results for each test sample vial in terms of colour, clarity and 

level of particulates present. 

• Compared colour and clarity against a sample of a similar volume of Water for Irrigation. 

This comparator was used to assess any colour or turbidity in the product samples. 

 

Method verification by: Precision (Method Repeatability and Intermediate Precision) 

 

Acceptance criteria:  

• All sample vials contain ‘clear, colourless solution, free from visible particulate matter’. 

• Results achieved between analysts are consistent. 
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pH DETERMINATION 

Method: pH determination by combination electrode. 

Procedure 

• Ensure the calibration of the pH meter is suitable, by assessing the certified pH standard 

solutions (4.01, 7.00 & 10.00). 

• Place the electrode into the sample vial and allow to equilibrate. Record the measured 

pH. 

 

Method verification by: Precision (Method Repeatability and Intermediate Precision) 

 

Acceptance criteria:  

• A pH target ~5.5 is expected for the test samples therefore the pH standards were chosen 

to fully encompass this range. 

The Precision for pH will comply if: 

• Repeatability results, RSD ≤1% (n = 6, both analysts) 

• Intermediate precision, RSD ≤2% (n =12) 

 

OSMOLALITY 

Method: Osmolality determination by depression in freezing point method (Gonotec 

Osmomat 3000 model). 

Procedure 

• Prior to testing, perform a 1:10 v/v dilution (1 part drug product, 9 parts WFI). Diluted 

samples should be tested and reported as is, without applying any dilution factor.  

• Ensure the calibration of the Osmometer meter is suitable, by assessing water (blank) and 

certified Osmolality standard solutions. 

• Transfer the defined amount of sample in the sample tube and read the osmolality. 

 

Method verification by: Precision (Method Repeatability and Intermediate Precision) 

 

Acceptance criteria 

The Precision for Osmolality will comply if: 

• Repeatability results show an RSD of <3% (n = 18). 

• intermediate precision shows an RSD of <3% (n = 36). 
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SUB-VISIBLE PARTICULATES MEASUREMENT 

Method: by light obscuration. 

Procedure 

• Prepare 3 test solutions, each by pooling 10 sample vials into a single clean container. 

Pooled samples should give a volume of ~25 mL each. Perform a 1:5 v/v dilution on each 

pooled sample (i.e. 1 part pooled drug product and 4 parts Water for Irrigation). The 

diluted samples will be assessed. 

• Ensure the calibration of the HIAC 9703+ Liquid Particle Counter is suitable and is within 

it calibration/maintenance period. 

• Analyse each of the three diluted test samples prepared in 4.1.1. The instrument software 

will automatically adjust results for the dilution performed. 

 

Method verification by: Precision (Method Repeatability) 

 

Acceptance criteria 

The assessment will comply if: 

• Each sample set of samples (triplicate) meet the pharmacopoeial requirements of <6000 

particles/vial at ≥10 µm and <600 particles/vial at ≥25 µm are achieved. 

 

Conclusion 

The method for appearance, pH, osmolality, and sub-visible particles measurement of 

cysteamine bitartrate were successfully verified and demonstrated to be suitable for the 

assessment of cysteamine bitartrate, 200 mg/mL drug product.  
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 Validation of the analytical procedures 
 

Validation of the HPLC method for determination of assay and related substances 

An HPLC method was obtained by Novabiotics Ltd. from our cysteamine IMPD v 1.0 for the 

oral dosage form. The method was transferred to AMRI (Glasgow) and used in support of the 

formulation development activities. Validation exercise was carried out to confirm the 

method is suitable for the determination of assay and related substances of cysteamine 

bitartrate in 200 mg/mL cysteamine bitartrate drug product, Table below. The method was 

validated in accordance with ICH guideline Q2 (R1) as suitable for the phase (I) of clinical 

development. 

Table 

Component Concentration (mg/mL) 

Cysteamine bitartrate 200 

WFI q.s. 

10 M sodium hydroxide q.s. 

 

Validation requirements 

To following parameters were evaluated: 

1. System suitability  
2. Specificity (including forced degradation assessment with light and heat)  
3. Linearity  
4. Accuracy  
5. Precision  
6. Identity  
7. Sensitivity (limit of detection and limit of quantification)  
8. Robustness: Solution stability (up to 3 days) and intermediate precision  

 

Materials, reagents, and equipment 

All materials/reagents were HPLC grade as appropriate, and equipment were suitable for use.  
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Materials and reagents 

Details Supplier Batch/lot number 

Cysteamine bitartrate API Cambrex Lot: 751111 

200 mg/mL cysteamine bitartrate Drug 

Product 

AMRI Batch Number: 001/NVB/20 

Methanol Fisher 2066189 

Purified Water Millipore Q084 

HPLC Grade Acetonitrile VWR 20J061957 

Sodium Dodecyl Sulphate Sigma Aldrich  

85% Phosphoric Acid Sigma Aldrich  

 

Equipment 

HPLC system- Agilent HP 1100/1200 or equivalent with VWD and DAD 

Thermo Scientific, BDS Hypersil C18, 250 x 4.6 mm, 5 µm 

Analytical balances 

Call A volumetric glass pipettes 

Positive displacement pipettes, Gilson or equivalent 

Volumetric glassware, various 

 
HPLC METHOD 
HPLC conditions 
Column:    Thermo Scientific, BDS Hypersil C18, 250 x 4.6 mm, 5 μm 
Column temperature:  25°C 
Detection wavelength:  210 nm 
Autosampler temperature: 5°C 
Flow rate:   1.4 mL/min 
Injection volume:  100 μL 
Mobile phase A:  40 mM sodium dodecylsulphate in 38:32:30:0.14, water:    

methanol:acetonitrile:phosphoric acid, v:v:v:v 
Mobile phase B:  100% acetonitrile 
Diluent:   100% water 
Working concentration:  Cysteamine bitartrate, 1.5 mg/mL 
Needle wash:    Acetonitrile/water (80:20) 
The gradient program for the analysis is shown in Table below. 

Time (min) Mobile phase (A) % Mobile phase (B) % 

0 100 0 

7 100 0 

27 40 60 

32 40 60 

35 100 0 

45 100 0 
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Solution preparation for HPLC 

Alternate volumes may be prepared as required. 

Mobile phase A (1 L) 

Accurately weigh approximately 11.52 g of sodium dodecyl sulphate and add to 380 mL of 

water to dissolve. To this add 320 mL Methanol, 300 mL Acetonitrile and 1.4 mL 85% 

Phosphoric Acid then mix thoroughly. 

Mobile phase B 

100% Acetontrile. 

Diluent: 100% water. 

Needle wash: Add 800 mL of acetonitrile and 200 mL of water into a 1 L duran and mix 

thoroughly. 

Standard solutions (cysteamine bitartrate) 

Prepare in duplicate. Accurately weigh approximately 15 mg cysteamine bitartrate reference 

standard into a 10 mL volumetric flask. Dilute to volume with diluent and mix thoroughly. 

These are the working standard solutions with a nominal cysteamine bitartrate concentration 

of 1.5 mg/mL. 

Drug product solution (200 mg/mL cysteamine bitartrate drug product, Batch: 001/NVB/20) 

Using a positive displacement pipette, transfer 150 μL of drug product to a 20 mL volumetric 

flask and make to volume with diluent. 

 

Method Validation 

 

SYSTEM SUITABILITY 

A system suitability exercise was performed, before any validation exercise commences. This 

procedure was to demonstrate that system performance meets the standards required by 

the method. 

Solution preparation 

Standard solutions were prepared as described above (standard solutions). 

Analysis and acceptance criteria 

Blank (diluent) injections were performed until a stable baseline, free from interfering peaks 

is obtained. This was followed by six replicate injections of cysteamine bitartrate standard 

solution 1 and duplicate injections of standard solution 2. The following parameters were 
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monitored throughout the validation. The data obtained during validation may be used to 

refine the acceptance criteria for routine use of the method. 

Table: System suitability 

Solution System suitability parameter Nominal 

acceptance criteria 

Blank solution Specificity Absence of 

interfering peaks 

Cysteamine bitartrate 

Standard 1 solution (6 

consecutive injections) 

Retention time precision  %RSD ≤2.0% 

Peak area precision  %RSD ≤2.0% 

Peak asymmetry (USP) ≤2.0 

Theoretical plate count (USP) Read and Record 

Standard 2 solution 

(duplicate injections) 

Standard agreement = Area St 2   x Weight Std 1 x 100 
                                         Area St 1    Weight Std 2 

98.0 -102.0% 

Standard 2 solution Retention time precision throughout the analysis %RSD ≤2.0% 

Peak area precision throughout the analysis %RSD ≤2.0% 

 

Results 

The system suitability results obtained throughout the validation exercise are shown in Table 

below. The blank (diluent) chromatograms were stable with no significant interference before 

starting sample sequences. The RSD for the retention time and peak area for five replicate 

injections of Standard 1 was ≤2.0% and standard agreement was 100 ± 2.0% as required. The 

RSD of all Standard 2 injections (bracketing) within any run was also ≤2.0% indicating good 

system performance throughout the runs.  

System suitability 

Analysis Standard 1 Standard 

agreement 

Standard 2 

RT 

precision 

Peak area 

precision 

Asymmetry 

(EP) 

Plates 

(EP) 

Precision 

RT Peak area 

1 0.1 0.3 1.63 11485 99.6 0.0 0.3 

2 0.1 0.3 1.75 10615 100.1 0.0 0.3 

3 0.0 0.1 1.56 12627 99.4 0.0 0.4 

4 0.0 0.1 1.68 11121 99.8 0.1 0.1 

5 0.1 0.1 1.70 10809 100.0 0.1 0.2 

6 0.0 0.1 1.79 9659 100.3 0.2 0.0 

7 0.0 0.1 1.74 10669 99.9 0.1 0.2 

8 0.1 0.0 1.84 10099 100.1 0.1 0.6 

9 0.1 0.1 1.68 11284 100.1 0.0 0.8 

10 0.1 0.1 1.63 11490 100.2 0.0 0.7 

Acceptance: ≤2.0% ≤2.0% Record Record 100 ± 2.0% ≤2.0% ≤2.0% 
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SPECIFITY 

Specificity was demonstrated by acceptable accuracy in the presence of formulation 

excipients. 

Specificity was also demonstrated by evaluating the chromatography to ensure there is no 

interference of the main analyte peak from any excipients in the formulation, possible 

impurities/degradation products or sample solvent. 

Solution preparation 

 

Degradant specificity 

Vials of drug product were subjected to heat and light stress according to Table below (stress 

conditions) and analysed to ensure that no peaks have formed which may interfere with the 

main analyte peak. If after storage for the required time, no additional peaks are observed, 

no further attempts will be made to degrade the drug product. 

Stress conditions 

Storage condition Description Time-point (weeks or exposure to light) 

50°C Drug product After 24 hours, 1 week and up to 2 weeks 

Photostability Drug product >200 Wh/m2 and >1.2 million lux hours 

Drug product control 

(protected from light) 

>200 Wh/m2 and >1.2 million lux hours 

 

Following storage, the solutions were prepared for analysis as described for drug product. 

Analysis and acceptance criteria 

Diluent, stressed and non-stressed drug product solution were analysed using PDA with data 

collection 190 - 400 nm. 

• The main peak should have no interference from other extraneous components. 

• There should be demonstrated resolution of components from each other by 

chromatographic separation. 

• Cysteamine bitartrate peak purity will be assessed. Using the chromatographic software, 

a peak purity match of >950 will demonstrate peak purity for cysteamine bitartrate. 

With respect to sample diluent 

There were no peaks in the diluent which would interfere with the quantification of 

cysteamine bitartrate or related substances in sample solutions. 
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With respect to excipients or potential degradants 

There were no peaks in the non-stressed or stressed placebo solutions which would interfere 

with the identification/integration of cysteamine bitartrate or related substances, See Figure 

below.  

 
Figure: Placebo solution chromatograms 

 

Table: Assay data for stressed/non-stressed drug product 

Details Content (mg/mL) Recovery/Theoretical* (%) 

Heat stressed (1 day) 201.400 100.7 

Heat stressed (1 week) 199.208 99.6 

Heat stressed (2 weeks) 200.454 100.2 

Light stressed (Uncovered) 200.323 100.2 

Light stressed (Covered) 202.243 101.1 
*Calculated versus a theoretical concentration of 200 mg/mL. 

There is no significant change in the assay recoveries over the 2-week period for the heat 

stressed samples. 

There is no significant change in the assay recoveries for the light stressed uncovered sample 

vs the light stressed covered sample. 
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Table: Purity profiles for stressed/non-stressed drug product 

 
RRT 

Area % 

Control1 Light 
stressed 

(Uncovered) 

Light 
stressed 

(Covered) 

Heat 
stressed 
(1 day) 

Heat 
stressed 
(1 week) 

Heat 
stressed 

 (2 weeks) 

RRT 0.72 0.04 0.04 0.04 0.04 0.04 0.08 

RRT 0.73 0.05 0.04 0.04 0.04 0.04 0.04 

RRT 0.84 ND 0.06 0.06 0.06 0.08 0.08 

RRT 1.18 0.02 0.02 0.02 0.02 0.02 0.02 

RRT 1.32 0.03 0.02 0.02 0.02 ND ND 

RRT 1.57 0.03 0.03 0.03 0.03 0.04 0.05 

RRT 3.49 0.12 ND ND 0.01 ND ND 

RRT 3.71 0.03 0.01 ND ND 0.02 0.02 

Cystamine (base) 1.85 2.14 2.04 2.33 2.50 2.38 

Total2 2.02 2.20 2.10 2.43 2.58 2.58 
1Control sample results are taken from precision sample 1 data, analysis performed on a different 
day/system; 2Sum of all related substances ≥0.05%, totals taken from chromatographic software.  

 
When comparing the heat stressed sample at 1 day to the heat stressed sample at 1 week, 

there is an increase of >0.1% rel area for the cystamine (base) however, the % rel area of the 

cystamine (base) at 2 weeks is comparable with the 1 day. As seen in the precision and 

intermediate precision stages, there is variability between vials for the cystamine (base) due 

to the inconsistent rate that the vials reach freezing point in storage. 

There is a significant increase in cystamine (base) for all samples when compared to the 

control sample however, this is also due to the variability been vials for the cystamine (base). 

Table: Cysteamine bitartrate peak match 

Solution Peak match 
purity 

Compared to average 
bracketing standards (%) 

Heat stressed sample (1 week) 945 100.1 

Heat stressed sample (2 weeks) 942 99.8 

Light stressed sample (Uncovered) 942 99.8 

Light stressed sample (Covered) 942 99.8 

 

Peak match is not >950 indicating there is a possibility of co-elution of a related substance. 

However, for the forced degradation samples, the peak match is not reduced indicating that 

if there is any co-elution it is not from a degradation product and therefore the method can 

still be considered stability indicating.  

No peak match data obtained for 24 h timepoint due to sample being discarded in error prior 

to repeat of analysis [Refer to Section 'Investigation': Specificity at the end of this section 

(Page = 15048)].  

 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 130 of 255 
 

IDENTITY 

The suitability of the method to determine identity was assessed. 

Solution preparation 

None required, data from specificity was used. 

Analysis and acceptance criteria 

Identity for cysteamine bitartrate by HPLC requires corresponding retention time between 

the sample and reference material and corresponding UV spectra between the sample and 

reference material. 

Based on the data from specificity an appropriate criterion for retention time difference 

between sample and reference standard was produced. 

The UV spectra from the reference standard and a sample was reported, identifying any λmax 

from the spectra and suggested specification. 

LINEARITY 

1. Assay level 

The linearity of the response to cysteamine bitartrate concentration was determined over the 

range 60 – 140% of the 1.5 mg/mL working concentration. 

Solution preparation 

A stock solution was prepared at 200% of the working concentration by accurately weighing 

approximately 150 mg cysteamine bitartrate reference standard into a 50 mL volumetric flask. 

This was dissolved in and diluted to volume with diluent. The linearity series were prepared 

by dilution of the stock solution, with diluent, according to the Table below.  

Preparation of linearity solutions, assay level 

Linearity solution Solution 

(%) 

Volume stock 

solution (mL) 

Final volume 

(mL) 

Theoretical [cysteamine 

bitartrate] (mg/mL) 

1 60 3 10 0.90 

2 80 4 10 1.20 

3 100 5 10 1.50 

4 120 6 10 1.80 

5 140 7 10 2.10 

 

 

 

 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 131 of 255 
 

Analysis and acceptance criteria 

Single injections of each solution were performed in order of ascending concentration. A 

blank (diluent) injection was performed to assess any carry-over, followed by a single injection 

of each linearity solution in order of descending concentration. 

A plot of peak area versus concentration was obtained and linear regression analysis by the 

method of least squares performed. The correlation coefficient, equation of the line and 

intercept were reported. A regression coefficient (R) of ≥ 0.999 should be obtained. 

The % recovery of each individual linearity concentration level (n=10), were calculated against 

bracketing standards. The % recovery for each injection should be within 98.0 – 102.0%. 

Results: Assay level 

The response was linear in the range of 0.9 -2.1 mg/mL cysteamine bitartrate or 60 -140% of 

the working concentration, Table and Figure below. 

 

Table: Linearity of response to BST-236 concentration 

Target (%) [Cysteamine 
bitartrate] (mg/mL) 

Perak area 
(mAU/min) 

Response 
factor* 

% recovery 

60 0.9109 45.569 50.0 100.4 

60 0.9109 45.114 50.6 101.6 

80 1.2145 61.450 50.6 101.5 

80 1.2145 61.366 50.5 101.1 
100 1.5182 76.198 50.2 100.7 
100 1.5182 75.734 49.9 100.1 
120 1.8218 91.140 50.0 100.3 
120 1.8218 91.548 50.3 100.8 
140 2.1254 105.964 49.9 100.0 
140 2.1254 150.947 49.8 100.0 

  Mean 50.18  
  RSD (%) 0.6  

*Peak area divided by concentration. 
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Figure: Linearity of response to cysteamine bitartrate concentration 

The correlation coefficient, R was 1.000 and met the acceptance criterion R≥0.999. The 

intercept was 1.4% of the nominal 100% working concentration, which meets the desired 

≤2.0% criteria. The RSD for the response factors was also acceptable (≤2.0%), indicating no 

bias over the chosen concentration range. All recoveries at each concentration level pass the 

criteria of 98.0 -102.0%.  

2. Related substance level (unknown impurities) 

The linearity of response at related substance level were assessed over the range 0.02 – 1.0% 

of the working concentration. 

Solution preparation 

A 2% cysteamine bitartrate solution was prepared by transferring 2 mL of standard solution 

to a 100 mL volumetric flask and diluting to volume with diluent. The linearity series was 

prepared by dilution of the 2 % solution with diluent according to the Table below. 

Table: Preparation of linearity series, related substance level  

%Nominal working 
concentration 

Volume 2% 
stock (mL) 

Final volume 
(mL) 

[Cysteamine bitartrate] 
Theory (µg/mL) 

1.00 5 10 15.0 

0.50 5 20 7.5 

0.20 1 10 3.0 

0.10 1 20 1.5 

0.05 0.5 20 0.75 

0.02 1 100 0.3 
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Analysis and acceptance criteria 

Duplicate injections of each linearity solution were performed, bracketed by standard 

injections. A plot of peak area versus concentration was obtained and linear regression 

analysis by the method of least squares performed. The correlation coefficient, equation of 

the line and intercept were reported. A regression coefficient (R) of ≥0.99 should be obtained. 

Note: The data obtained for the related substance level linearity solutions was also used to 

assess method sensitivity, See below: Sensitivity. 

Results: Related substance level 

The response was linear over the range 0.02-1.0% of the working concentration. Table and 

Figure below, with a correlation coefficient, R of 1.00, meeting the acceptance criterion 

R≥0.99. 

 

Table: Linearity of response to cysteamine bitartrate concentration, 0.02 - 1.00% 

Target (%) [Cysteamine 
bitartrate] (µg/mL) 

Perak area 
(mAU/min) 

% Recovery S/N 

0.02 0.303 0.013 84.4 9 

0.02 0.303 0.013 82.3 9 

0.05 0.758 0.036 89.7 22 

0.05 0.758 0.034 84.2 21 

0.10 1.516 0.068 85.4 43 

0.10 1.516 0.068 85.3 42 

0.20 3.033 0.150 94.1 91 

0.20 3.033 0.148 92.6 91 
0.50 7.582 0.382 95.8 232 

0.50 7.582 0.379 95.0 230 
1.00 15.164 0.766 96.0 465 
1.00 15.164 0.768 96.3 466 
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Figure: Linearity of response to cysteamine bitartrate concentration, 0.05 - 1.00%. 

ACCURACY 

Nine solutions of cysteamine bitartrate at 70%, 100% and 130% of the nominal working 

concentration (1.5 mg/mL) were prepared and made to volume with diluent and assessed 

against verified standards.  

Solution preparation 

At each level three solutions were prepared as detailed in the Table below. 

Preparation of accuracy solutions 

%Nominal working 

concentration 

Weight cysteamine 

bitartrate (mg) 

Final volume 

(mL) 

[Cysteamine bitartrate] 

Theory (µg/mL) 

70 10.5 10 1.05 

100 15.0 10 1.50 

130 19.5 10 1.95 

 

Analysis and acceptance criteria 

A single injection of each solution was performed and the %recovery of cysteamine bitartrate 

calculated against a verified standard solution. 

The recovery was calculated as follows: 

 

Where: 

As = Cysteamine bitartrate peak area in sample solution 
Ar = Cysteamine bitartrate mean peak area in standard solution (bracketed) 

y = 0.0509x - 0.0051
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Wr = Weight cysteamine bitartrate in standard (mg) 
Ws = Weight cysteamine bitartrate in sample (mg) 
DFr = Dilution factor of standard solution (mL) (10 in preparation described) 
DFs = Dilution factor of sample solution (mL) (10 in preparation described) 
100 = Conversion to per cent 
 
Note:  No potency correction will be applied as comparing like with like. 

• All recoveries should lie within 98.0 – 102.0% of the theoretical. 

• Accuracy will be expressed as the mean (n = 9) recovery to one decimal place. 

• The %RSD of the mean (n = 3) recovery at each concentration level must be ≤2.0%. 

Results 

 

The recovery for each solution was 99.7 - 100.7% and the RSD at each concentration level was 

≤2.0% as required, Table below. The overall accuracy of the method (n = 9) was 100.4%. 

 

Table: Accuracy 

Details Recovery* (%) 

70% Solution 1 100.5 

Solution 2 100.6 

Solution 3 100.7 

Mean 100.6 

RSD 0.1 

100% Solution 1 100.2 

Solution 2 100.5 

Solution 3 100.5 

Mean 100.4 

RSD 0.2 

130% Solution 1 100.4 

Solution 2 100.0 

Solution 3 99.7 

Mean 100.1 

RSD 0.4 

*Calculated against a qualified reference standard. 
 

PRECISION 

Repeatability of the analytical method was assessed by analysing six preparations of drug 

product. 
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Solution preparation 

The sample solutions were prepared as per standard solutions for drug product (see above) 

and analysed against a verified standard solution. Standard and sample preparations from 

this experiment may be used for sample solution stability.  

Analysis and acceptance criteria 

The assay results (mg/mL) for the drug product will be calculated as follows: 

 

Where: 

As = Cysteamine bitartrate peak area in sample solution 
Ar = Cysteamine bitartrate mean peak area in standard solution (bracketed) 
Wr = Weight cysteamine bitartrate in standard (mg) 
DFr = Dilution factor of standard solution (mL) (10 for preparation described) 
DFs = Dilution factor of sample solution (mL) (133.3333 for preparation described) 
P = Purity value of reference standard, in decimal form 
 
The mean and %RSD were calculated, and the results assessed against the following 

acceptance criteria: 

• The %RSD for drug product content should be ≤2.0%. 

• The %RSD for individual related substances ≥0.05 but <0.2% should be ≤20%. 

• The %RSD for individual related substances ≥0.2% should be ≤10%. 

• The %RSD for the total related substances should be ≤5%. 

Results 

The %RSD for the cysteamine bitartrate content of the six preparations was ≤2.0% as required, 

see Table below.  

Table: Precision, cysteamine bitartrate assay 

Details Cysteamine bitartrate (mg/mL) 

Preparation 1 201.872 

Preparation 2 201.964 

Preparation 3 201.261 

Preparation 4 202.106 

Preparation 5 201.584 

Preparation 6 201.402 

Mean 201.698 

RSD 0.2 
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All detected related substances are shown in Table below. For related substances ≥0.2%, RSD 

was ≤10%. For related substances ≥0.05 and ≤2.0%, RSD was ≤10%. The RSD for total related 

substances failed specification of ≤5%. due to the variable cystamine (base) seen throughout 

the technical batch [Refer to Section 'Investigation': Variation in cystamine (base) between 

vials at the end of this section (Page = 1553)]. 

 
Table: Precision, Related substances area % 

RRT Rel Area % Mean %RSD 

1 2 3 4 5 6 

RRT 0.72 0.04 0.05 0.05 0.05 0.04 0.04 0.05 6 

RRT 0.73 0.05 0.05 0.05 0.05 0.05 0.05 0.05 4 

RRT 1.18 0.02 0.02 0.03 0.02 0.02 0.02 <LOQ 17 

RRT 1.32 0.03 0.04 0.03 0.03 0.03 0.03 <LOQ 10 

RRT 1.57 0.03 0.03 0.03 0.03 0.03 0.03 <LOQ 9 

RRT 3.49 0.12 0.12 0.12 0.12 0.12 0.12 0.12 2 

RRT 3.71 0.03 0.03 0.03 0.03 0.03 0.03 <LOQ 9 

Cystamine (base) 1.85 1.87 1.68 1.84 1.66 1.98 1.81 7 

Total* 2.02 2.09 1.90 2.06 1.83 2.15 2.03 6 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 

  

SENSITIVITY 

LOQ/LOD determination 

The limit of quantitation and limit of detection were determined using the data obtained 

during the related substance linearity assessment. 

Solution preparation: Not required. 

Analysis and acceptance criteria 

The mean peak height for each solution was compared to the mean baseline noise for the 

placebo solution analysis. A plot of signal-to-noise versus concentration was obtained and 

linear regression analysis by the method of least squares performed. The equation of the line 

was used to determine the limit of detection, S/N = 3 and limit of quantitation, S/N = 10. 

The %recovery of cysteamine bitartrate was calculated for each solution in the series as 

follows: 
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Where: 

As = Cysteamine bitartrate peak area in sample solution 
Ar = Cysteamine bitartrate mean peak area in standard solution (bracketed) 
Wr = Weight cysteamine bitartrate in standard (mg) 
Ws = Weight cysteamine bitartrate in sample (mg) 
DFr = Dilution factor of standard solution (mL) (10 in preparation described) 
DFs = Dilution factor of sample solution (mL) (various) 
100 = Conversion to per cent 
 
Note: No potency correction will be applied as comparing like with like. 

The recovery of cysteamine bitartrate at LOQ should be in the range 80 – 120%. 

LOQ confirmation 

The LOQ was confirmed at the calculated LOQ concentration, acceptance criteria of LOQ/LOD 

or 0.05%, whichever is the highest. 

Solution preparation 

A solution will be prepared at the appropriate concentration. 

Analysis and acceptance criteria 

The solution will be injected six times, bracketed by standard injections. The RSD for peak 

area and the mean signal: noise ratio and recovery calculated. 

• The RSD for peak area should be ≤10%. 

• The mean recovery should be in the range 80 - 120%. 

• The mean signal-to-noise ratio should be ≥10. 

Results 

Estimation 

The baseline noise was determined from injections of the diluent. The S/N ratio was 

calculated for the 0.02 – 1.00% solutions and plotted against concentration. Table and Figure 

below. From the linear equation, the LOD (S:N = 3) was estimated as 0.170 µg/mL or 0.01% of 

the working concentration, the LOQ (S:N = 10) was estimated as 0.398 µg/mL or 0.03% of the 

working concentration.  

The recovery of the solution at estimated LOQ level was in the acceptable range, 80 -120%.  
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Table: Sensitivity estimation 

Target (%) [Cysteamine 
bitartrate] (µg/mL) 

Peak height 
(mAU) 

Signal:Noise1 

(mAU) 
Recovery2 

(%) 

0.02 0.303 0.124 9 83.3 

0.05 0.758 0.310 21 87.0 

0.10 1.516 0.616 43 85.3 

0.20 3.033 1.309 91 93.4 

0.50 7.582 3.329 231 95.4 

1.00 15.164 6.714 466 96.1 
1Peak height divided by baseline noise; 2Calculated against a qualified reference standard. 

 

 
Figure: Linearity of response of signal to noise versus cysteamine bitartrate concentration, 
0.02 - 1.00% 

 

LOQ confirmation 

Although LOQ was calculated to be 0.03% using a linear regression, a reporting limit of 0.05% 

is sufficient for drug product analysis, therefore the LOQ was confirmed at this level. A 

solution was prepared at 0.05% of the working concentration and injected six times.  

The peak area RSD was ≤10% as required, Table below. The signal:noise ratio was consistently 

≥10. The recoveries were outwith the acceptable range of 80 -120%. This is not uncommon 

for analysis at low concentrations. As peak area precision and signal to noise comply with the 

set criteria, accurate quantitation of peaks at this level has been proven and so the LOQ is set 

at 0.05%.  
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Table: LOW confirmation, 0.05% 

Injection Peak area 
(mAU/min) 

Peak height 
(mAU) 

Signal:Noise 

(mAU) 
Recovery 

(%) 

1 0.035 0.201 21 87.4 

2 0.030 0.270 19 75.8 

3 0.033 0.284 20 83.3 

4 0.033 0.281 19 82.5 

5 0.029 0.261 18 73.8 

6 0.030 0.272 19 74.9 

Average 0.032 0.278 19 79.6 

%RSD 6.9 5.0 N/A 6.3 

 

ROBUSTNESS 

1. Stability of solutions 

The solution stability was determined by analysing standard and drug product solutions at the 

nominal working concentration, 1.5 mg/mL. 

Solution preparation 

Standard and drug product solutions prepared for precision analysis may be used. 

The solutions were stored in clear and amber glass at ambient temperature, in clear glass at 

2 - 8°C and on the autosampler in the original HPLC vial. Solutions were tested at 0, 1 and 3 

days against freshly prepared standard solutions. 

Analysis and acceptance criteria 

Standard solutions were considered stable if: 

• The cysteamine bitartrate concentration of the standard solution is within 98.0 – 102.0 % 

of the initial (T = 0) value. 

Drug product solutions were considered stable if: 

• The cysteamine bitartrate concentration of the sample solution is within 98.0 – 102.0% of 

the initial (T = 0) value. 

• No reportable related substance in the sample solutions has changed by more than 0.10% 

over the duration of the study. 

• No new related substances greater than 0.10% are observed over the duration of the 

study. 

Results 

Standard solutions were stable for up to 3 days when stored refrigerated with recoveries 

within the acceptable range, 98.0 - 102.0% of initial result, Table below. 
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Table: Standard solution stability 

Conditions T = 0 T = 1 day T = 3 days 

Assay 
(mg/mL) 

Recovery1 
(%) 

Assay 
(mg/mL) 

Recovery1 
(%) 

Assay 
(mg/mL) 

Recovery1 
(%) 

Autosampler 1.508 - 1.505 99.8 1.462 96.9 

2 - 8°C 1.508 - 1.511 100.2 1.502 99.5 

Ambient clear 1.508 - 1.493 99.0 1.410 93.5 

Ambient Amber 1.508 - 1.474 97.7 1.356 89.9 
1As a percent of the initial (T =0) result.  

Drug product solution assay values were stable for up to 3 days when stored refrigerated and 

at ambient clear with recoveries within the acceptable range, 98.0 - 102.0% of initial result, 

Table below.  

Table: Drug product solution stability, assay 

Conditions T = 0 T = 1 day T = 3 days 

Assay 
(mg/mL) 

Recovery1 
(%) 

Assay 
(mg/mL) 

Recovery1 
(%) 

Assay 
(mg/mL) 

Recovery1 
(%) 

Autosampler 201.872 - 199.286 98.7 199.183 98.9 

2 - 8°C 201.872 - 201.058 99.6 201.245 99.8 

Ambient clear 201.872 - 201.221 99.7 200.275 99.2 

Ambient Amber 201.872 - 199.179 98.7 196.752 97.6 
1As a percent of the initial (T =0) result.  

 

Table: Drug product solution stability, related substances 

RRT Storage condition (area%) and Time point 

T = 0 Autosampler Refrigerated Ambient  

Day 3 Day 3 Clear Day 3 Amber Day 3 

RRT 0.72 0.04 0.04 0.04 0.04 0.04 

RRT 0.73 0.05 0.04 0.04 0.05 0.04 

RRT 1.18 0.02 0.02 0.03 0.03 0.02 

RRT 1.32 0.03 0.05 0.04 0.04 0.03 

RRT 1.57 0.03 0.03 0.03 0.03 0.03 

RRT 3.49 0.12 0.13 0.14 0.13 0.12 

RRT 3.71 0.03 0.02 0.02 0.02 0.02 

Cystamine (base) 1.85 3.14 1.95 2.15 4.30 

Total* 2.02 3.32 2.09 2.32 4.42 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 

 

Based on the above data, Table above, both the standard and sample solutions are stable 

when stored for up to 3 days when stored at refrigerated conditions. 
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The autosampler standard and sample were both stored in amber vials for the duration of the 

solution stability study and the refrigerated standard and sample were both stored in clear 

glassware. Based on the autosampler being set at 2-8°C for analysis, it was unexpected that 

the cystamine (base) % rel area was significantly higher in comparison to the refrigerated 

data. 

When assessing the ambient clear data versus the ambient amber data, it appears the 

ambient glassware is having an effect on the cystamine (base) impurity as the % rel area of 

this impurity is significantly higher in the ambient amber glassware in comparison to the 

ambient clear, this would explain why the cystamine (base) in the autosampler samples is 

significantly higher than in the refrigerated. As highlighted in Section 'Investigation' at the 

end of this section (Page = 15048)], throughout the validation there has been some variation 

in the cystamine (base) impurity however, based on the Day 1-3 solution stability related 

substances data, the cystamine (base) is significantly increasing at each of the timepoints for 

the autosampler sample therefore, the unexpected higher % rel area is not related to the 

variability between vials. 

2. Intermediate precision 

Intermediate precision was determined by a second analyst performing the method 

reproducibility test as described in section ‘precision’. The analysis was performed on a 

different day using different standard and sample preparations (same sample batch as used 

for method reproducibility test), different instrument and different column. 

Solution preparation 

Prepare six drug product samples as above (drug product solution). 

Analysis and acceptance criteria 

The mean, SD, %RSD and 95% confidence interval were calculated and reported. The results 

assessed against the following acceptance criteria: 

• The %RSD for drug product content should be ≤2.0%. 

• The %RSD for individual related substances ≥0.05 but <0.2% should be ≤20%. 

• The %RSD for individual related substances ≥0.2% should be ≤10%. 

• The %RSD for the total related substances should be ≤5%. 

Additionally, the assay and related substances data from each analysis will be compared and 

assessed against the following acceptance criteria: 

The % difference for drug product content between the laboratories should be ≤2.0%. 

• The absolute area% difference for individual related substances should be ≤0.1%. 

• The absolute area % difference for total related substances should be ≤0.2%. 
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The mean, SD, %RSD and 95% confidence interval (n = 12) were also calculated and reported. 

Results 

The %RSD for cysteamine bitartrate content of the six preparations was ≤2.0% as required, 

Table below.  

 

Table: Intermediate precision, assay 

Details Content (mg/mL) 

Preparation 1 200.360 

Preparation 2 200.457 

Preparation 3 199.084 

Preparation 4 200.292 

Preparation 5 199.726 

Preparation 6 200.012 

Mean (n=6) 199.989 

RSD (n=6) 0.3 

 

All detected related substances are shown in Table below. For related substances ≥0.2%, RSD 

was ≤5%.  For related substances ≥0.05 and <0.2%, RSD failed the criteria of ≤10%.  The RSD 

for total related substances failed the criteria of ≤5%. 

 

Table: Intermediate precision, Related substances area % 

RRT Rel Area % Mean %RSD 

1 2 3 4 5 6 

RRT 0.72 ND ND ND ND ND ND N/A N/A 

RRT 0.73 ND ND ND ND ND ND N/A N/A 

RRT 0.85 0.02 0.02 0.02 0.02 0.02 0.02 <LOQ 4 

RRT 1.11 0.05 0.04 0.04 0.04 0.04 0.04 <LOQ 8 

RRT 1.18 0.06 0.05 0.06 0.06 0.06 0.06 0.06 2 

RRT 1.32 0.05 0.05 0.05 0.05 0.05 0.04 0.05 4 

RRT 1.57 0.03 0.03 0.03 0.03 0.03 0.03 <LOQ 4 

RRT 3.49 0.12 0.12 0.12 0.13 0.12 0.13 0.12 3 

RRT 3.71 0.03 0.03 0.03 0.03 0.03 0.03 <LOQ 3 

Cystamine (base) 1.82 2.40 2.29 1.83 2.23 1.84 2.07 13 

Total* 2.09 2.63 2.52 2.06 2.46 2.02 2.30 12 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 

 

The % difference for the cysteamine bitartrate content of the twelve preparations between 

laboratories was ≤2.0%, Table below.  
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Table: Precision (n=12) (Performed at AMRI development and Quality Control departments) 

Details Content (mg/mL) 

 Preparation 1 201.872 

Preparation 2 201.964 

Preparation 3 201.261 

Preparation 4 202.106 

Preparation 5 201.584 

Preparation 6 201.402 

 Preparation 1 200.360 

Preparation 2 200.457 

Preparation 3 199.084 

Preparation 4 200.292 

Preparation 5 199.726 

Preparation 6 200.012 

% Difference between analysts  0.9 

Mean  200.843 

SD  1.0 

RSD  0.5 

 

All detected related substances are shown in Table below for the twelve preparations.   The 

absolute area% difference for related substances was ≤0.1% with the exception of the 

cystamine (base). The absolute area% difference for total related substances failed the 

criteria of ≤0.2%, this is due to the variability in cystamine (base) from vial to vial [See Section 

Investigation: Variation in cystamine (base) between vials at the end of this section (Page = 

1553)].
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Table: Precision for related substances (n=12) (Performed at AMRI development & Quality Control departments) 

RRT Drug product preparation (area %) – Analyst 1     Drug product preparation (area %) – Analyst 2 %Diff. 

1 2 3 4 5 6 Mean 1 2 3 4 5 6 Mean  

RRT 0.72 0.04 0.05 0.05 0.05 0.04 0.04 0.05 ND ND ND ND ND ND N/A N/A 

RRT 0.73 0.05 0.05 0.05 0.05 0.05 0.05 0.05 ND ND ND ND ND ND N/A N/A 

RRT 0.84 ND ND ND ND ND ND N/A 0.02 0.02 0.02 0.02 0.02 0.02 0.02 N/A 

RRT 1.11 ND ND ND ND ND ND N/A 0.05 0.04 0.04 0.04 0.04 0.04 0.04 N/A 

RRT 1.18 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.04 

RRT 1.32 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.02 

RRT 1.57 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.00 

RRT 3.49 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.13 0.12 0.13 0.12 0.00 

RRT 3.71 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.00 

Cystamine 
(base) 

1.85 1.87 1.68 1.84 1.66 1.98 1.81 1.82 2.40 2.29 1.83 2.23 1.84 2.07 0.26 

Total* 2.17 2.21 2.02 2.17 1.98 2.30 2.14 2.18 2.74 2.64 2.19 2.58 2.19 2.42 0.25 
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Conclusion 

 

The method was successfully validated with the exception detailed below in the 'deviations 

in validation protocol'.  

 

Based on the findings of the validation exercise, the injection sequence shown in Table below 

is recommended for routine use of the method.  

 

Table: Recommended sample sequence for routine use of method 

Sequence Solution Number of injections 

1 Blank (diluent) Until stable baseline, free from interfering 

peaks is obtained 

2 LOQ 1 

3 Standard 1 6 

4 Standard 2 2 

7 Sample 1 1 

8 Sample 2 1 

9 Sample….1 1 

10 Standard 1 
1Bracketing standard injections (single) should be performed after every 10 sample injections and at 
the end of the sequence.  

 

The system suitability criteria shown in Table below should be met before sample analysis.  

 

Recommended system suitability criteria for routine use of method 

Solution System suitability parameter Nominal 

acceptance criteria 

Blank solution Specificity Absence of 

interfering peaks 

Standard 1 solution  

(6 consecutive 

injections) 

Retention time (main peak) precision %RSD ≤2.0% 

Peak area (main peak) precision %RSD ≤2.0% 

Resolution Plate count (EP) Record 

Peak asymmetry (EP) Record 

Standard 2 

(duplicate injections) 

Standard agreement = Area Std 2   x Weight Std 1 x100 
                                        Area Std 1    Weight Std 2 

100 ± 2.0% 

Standard 2 (all 

injections 

throughout run) 

Retention time and peak area precision %RSD ≤2.0% 
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Sterility Test Method Validation 

 
Albany Molecular Research Inc. (Glasgow) Limited validated the pharmacopeia sterility test 

method using samples of drug product manufactured in the development technical or clinical 

batch. Validation and testing were outsourced to an approved AMRI sub-contractor. 

 

Bacterial Endotoxins Test Method Validation 

 

AMRI Glasgow validated the pharmacopeia bacterial endotoxins test method using samples 

of drug product manufactured in the development technical or clinical batch. Testing was 

conducted by AMRI Glasgow Microbiology department. 
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Summary of validation results 

The data on the parameters for validation of the analytical methods, the acceptance limits and the results are provided in the Table below.  

Parameter Acceptance criteria Results 

System suitability 
1. Specificity 
2. Cysteamine bitartrate RT precision 

(S1, n=6) 
3. Cysteamine bitartrate peak area 

precision (S1, n=6) 
4. Cysteamine bitartrate peak 

asymmetry (EP) 
5. Cysteamine bitartrate theoretical 

plate count (EP) 
6. Standard agreement 

1. Blank free from interfering peaks 

2. RSD≤2.0% 

3. RSD≤2.0% 

4. Record 

5. Record 

6. 100 ± 2.0% 

1. PASS 

2. 0.0 – 0.1% 

3. 0.3 – 0.5% 

4. 1.6 -1.8 

5. 10986 

6. 99.4 - 100.3% 

Specificity 1. Cysteamine bitartrate peak should have no significant interference from sample 
diluent or related substances/degradants. 

2. Related substances should be sufficiently resolved from each other and from 
cysteamine bitartrate to allow accurate and reproducible integration. 

3. Cysteamine bitartrate peak purity for degraded solutions should be comparable 
to non-degraded solution 

1. PASS 
 

2. PASS 
 
3. PASS 

Linearity 
1. Assay level (60-140%) 
2. Cysteamine bitartrate Related 

Substance level (0.02-1.0%) 

 
1. R≥0.999 
2. R≥0.99 

 
1. 1.000 
2. 1.00 

Precision (method repeatability) 1. %RSD for assay/recovery (n=6) for drug product 
2. %RSD for individual related substances ≥0.05 but ˂0.2% (area%) should be ≤20% 
3. %RSD for individual related substances ≥0.2% should be ≤10% 
4. The %RSD for the total related substances should be ≤5% 

1. 0.2% 
2. 2-6% 
3. 6% 
4. 6% 
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Intermediate precision 1. The % difference for drug product content between the laboratories should be 
≤2.0% 

2. The absolute area% difference for individual related substances should be ≤0.1% 
3. The absolute area% difference for total related substances should be ≤0.2% 

1. 0.5 
 

2. 0.02-0.26%* 
3. 0.25%* 

Accuracy  1. Each individual recovery (n=9) should be 98.0-102.0% of theory 
2. %RSD of the recovery (n=3) at each concentration level should be ≤2.0% 
3. Accuracy (n=9) 

1. 99.7-100.7% 
2. 0.1-0.4% 
3. 100.4% 

Sensitivity 
1. Estimation 
 
 
2. Confirmation 

 
1. LOD (signal:noise =3): report result 
     LOQ (signal:noise =10): report result 
 

2. %RSD for LOQ peak area should be ≤10% 
Mean recovery (n=6) should be 80-120% (LOQ confirmed at 0.05% of working 
conc)  
Mean signal to noise 

 
1. 0.01% 

0.03% 
 

 
2. 6.9% 

79.6%* 
        19 

1. Solution stability   Standard solutions were stable if: 
1. Cysteamine bitartrate concentration was within 98.0 - 102.0% of the initial value. 

 
 
 
Drug product solutions were stable if: 
1. Cysteamine bitartrate concentration was within 98.0 – 102.0% of the initial value. 
2. No related substance ≥0.05% (by area) had increased by ˃0.10% from the initial 

value. 
3. No new related substance ≥0.10% was detected in the aged solutions which were 

not present at initial. 

Standard solutions were 
stable for up to 3 days 
when stored at 2-8°C in 
clear glassware. 
 
Drug product solutions 
were stable for up to 3 
days when stored at 2-8°C 
in clear glassware.  

*Refer to comment in the deviations of the validation protocol below (page = 148). 
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DEVIATIONS IN THE VALIDATION PROTOCOL 

 

Deviations made from the validation protocol are detailed below. However, the deviations 

had no impact on the validity of the data.  

 

• The %RSD for total related substances in the Precision and Intermediate Precision sections 

fail to meet the criteria of ≤5%. This is due to the variability in cystamine (base) between 

vials.  

• The absolute area % difference for individual related substances and total related 

substances during the intermediate precision analysis fails the criteria of ≤0.1% and ≤0.2% 

respectively. This is due to the variability of cystamine (base) between vials (Note 

Investigations below).  

• The recoveries of the LOQ confirmation injections were outwith the typical criteria of 80-

120%.  

• No peak match data obtained for heat stressed samples at the 24-hour timepoint due to 

24 hours samples discarded in error prior to retest (Note Investigations below).  

 

INVESTIGATIONS 

 

Investigation: Specificity 

 

The chromatography achieved for the initial specificity analysis analysed on the DAD detector 

was atypical, (See Figure below: Placebo solution chromatogram), this issue was also 

observed during another study with this product prior to the specificity samples being 

analysed on both the DAD and UV detectors. Initially, based on the chromatography achieved 

during the other study, it was thought that the reason for the atypical chromatography was 

down to the stability of the product however, based on the specificity data, this was proven 

not to be the root cause. For the specificity analysis, the same stressed solutions were run on 

two separate systems, one with a UV detector and one with a DAD detector along with 

different batches of mobile phase and column.  

 

The chromatography obtained for the sample solutions rand on the UV detector was typical 

(See Figure below: Example diluent chromatogram), and chromatography obtained for the 

same sample solutions on the DAD detector was atypical, [See Figure below: Example 

standard chromatogram (zoomed in)]. To add, the atypical chromatography obtained on the 

DAD detector and with what was seen in the previous study, it was only the samples which 

were impacted, and the chromatography obtained for the standard solutions were typical. 
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Example diluent chromatogram 

 

 
Example standard chromatogram 

 

 
Example standard chromatogram (zoomed in) 
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Example sample chromatogram 

 

As it was only the sample solutions which were impacted, to investigate this atypical 

chromatography further, the pH of the standard solution was analysed to determine if the pH 

of the standard and sample is comparable. 

 

It was determined that the pH of the standard solution was pH 3.7 and the pH of the sample 

solution was pH 5.8. Therefore, due to the standard solution being more acidic than the 

sample solution, there was a possibility that there could have been an issue with the mixing 

of mobile phase A and mobile phase B. This potential root cause was determined based on 

the fact that the pH of the standard was more acidic than the sample material, if more of the 

acidic mobile phase A was being introduced and causing the pH of the sample to drop to the 

same as the standard then this could potentially have impacted the chromatography of the 

sample only with no effect on the standard material. This atypical chromatography observed 

during the specificity section was the only time throughout the validation that this issue was 

observed, therefore there was no reason to suggest that it was related to column 

performance or method related. 

 

The specificity samples were re-prepared from the stressed sample stock solutions and re-

analysed (See Figure above: Example standard chromatogram) on the same system with the 

same column along with the investigational samples. Due to the samples being re-analysed, 

the 24 h samples had been disposed of in error therefore only the heat stressed sample (1 

week) and heat stressed sample (2 weeks) were re-analysed (Deviation from the validation 

protocol NVB-P-01-02). 

 

On the re-analysis of the stressed samples on the DAD detector, typical chromatography was 

achieved. However, peak match is not >950 indicating there is a possibility of co-elution of a 

related substance. However, for the forced degradation samples, the peak match is not 

reduced indicating that if there is any co-elution it is not from a degradation product and 
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therefore the method can still be considered stability indicating (Deviation from the validation 

protocol NVB-P-01-02). 

 

For the investigational work, the light stressed (uncovered) sample was used and the pH of 

the sample was altered using mobile phase A. The pH of the sample was altered to various 

pHs within the range of pH 4.9 - 2.7, this covered pHs between the standard and sample and 

below the standard. On review, all chromatography achieved for the samples at the different 

pH values was typical. The conclusion drawn from the investigational work was, as the pH of 

the sample decreases, the area of the sample also decreases however the resolution of the 

main peak is unaffected [See Figure above: Example standard chromatogram (zoomed in)]. 

 

 

 
Figure: 24hr heat stressed sample, DAD detector 

 

 

 
Figure: 24hr heat stressed sample, UV detector 
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Figure: Re-prepared 1 week heat stressed sample, DAD detector 
 

 

 
Figure: Light stressed (uncovered) investigational sample, pH 2.7 

As the atypical chromatography was only obtained during one section of the validation and 

could not be replicated with altering the pH of the sample, we are unable to draw a conclusion 

and establish a root cause for the atypical chromatography at this stage. All materials and 

reagents were compared across all studies for this product and there is no significant 

difference between column, materials or specifics used when the issue has been observed. 

The issue was investigated and will be further highlighted if obtained in future analysis for 

this product. 
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Investigation: Variation in cystamine (base) between vials 

Throughout the validation, it was observed that there was variability between vials for the 

cystamine (base) impurity. This was first highlighted during the precision analysis as the %RSD 

for total related substances failed the specification of ≤5%. As all other impurities obtained 

during the precision analysis were within specification for %RSD, the variable % rel area of the 

cystamine (base) resulted in the total related substances failing the criteria, (Deviation from 

the validation protocol NVB-P- 01-02). 

Similarly, during the intermediate precision analysis and the specificity analysis, variability in 

the cystamine (base) between vials was observed resulting in criteria not being met, 

(Deviation from the validation protocol NVB-P-01-02). 

On review of the technical batch in storage at -20°C, it was observed that after ~8 months 

storage, not all vials had frozen and that drug product in various vials was still in solution. This 

highlighted that the rate of the drug product freezing was variable across the batch potentially 

resulting in variability in impurity data which would explain the reason for the variable results 

seen across the validation. 

To investigate this further and determine the root cause of the variability in cystamine (base), 

the intermediate precision sample 1 was re-analysed and one of the un-frozen vials from the 

technical batch storage was analysed, the impurity data from both the frozen (precision 

sample 1) and the un­ frozen vial was then compared. 

The impurity data obtained from the intermediate precision sample 1 re-analysis was 

comparable to the results from the intermediate precision analysis and there was an increase 

in the % rel area of cystamine (base) for the un-frozen vial, (See Table below). 

Table: Related substances frozen v un-frozen vial 

RRT Rel Area % 

Intermediate Precision 
Sample 1:  Initial 

Intermediate Precision 
Sample 1: Re-analysis 

001/NVB/20:  
Un-frozen vial 

RRT 0.85 0.02 0.02 0.02 

RRT 1.11 0.05 0.02 0.04 

RRT 1.18 0.06 0.02 0.02 

RRT 1.32 0.05 0.04 0.03 

RRT 1.57 0.03 0.03 0.03 

RRT 3.49 0.12 0.07 0.09 

RRT 3.71 0.03 0.02 0.02 

Cystamine (base) 1.82 2.09 2.69 

Total* 2.10 2.16 2.78 

*Sum of related substances ≥0.05%. 

From the data above, this concludes the initial root cause for the variable results seen with 

the cystamine (base) impurity only is due to the variation in freezing rate for each of the vials 

across the technical batch.
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 Batch analyses 
 

The following batches were produced and used for different purposes: 

Formulation 

composition 

Batch 

Number 

Batch size Manufacturing 

date 

Primary 

packaging 

Use of the batch 

Final 

formulation 

(non-GMP 

batch) 

001/NVB/20 500 vials May 2020 Type I,  

2 mL clear 

glass vias 

(Schott: 

VC002-13C) 

Analytical 

testing/supportive 

stability data 

GMP batch P04620 7,000 

vials 

Dec 2020 Clinical 

Batch/ongoing 

stability 

 

The stability data of the non-GMP and GMP batches indicated above are detailed in Section 

2.1.P.8. 
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CoA for the batch release of GMP batch # P04620 is provided below.  
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The GMP certificate for the GMP batch # P04620 is provided below. 
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 Characterisation of impurities 
 

No additional Impurities / known degradants observed in the IMP other than the ones already 

described Section: 2.1.S.3.2: Impurities. 

 

 Justification of specifications 
 

The specification for cystamine impurity was set based on purity of cysteamine bitartrate by 

area% curve. This was set as 95.0 – 105.0 % for QP release and 90.0 -105.0% for shelf life 

based on the specifications that was set for our oral cysteamine bitartrate capsule (Lynovex) 

in the past and acceptable shelf-life stability (90.0 -105.0%) from the literature for the 

marketed Cystagon capsule.  

 

2.1.P.5 Reference standards and materials 
 

Refer to Section 2.1.S.5: Reference standards and materials. 
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2.1.P.6 Container closure system 
 

The sterile IMP liquid solution was filled into 2 mL Type I glass vials (Schott). The vials were 

filled and purged with nitrogen after dosing and were closed with butyl rubber Flurotec 

coated stoppers (West) and secured with over-seals (West). The product details and 

specifications, and the details of the suppliers are provided below.  

Adelphi Healthcare Packaging supplied vials, stoppers and over-seals to Albany Molecular 

Research Inc. (Glasgow) Limited [AMRI]. Container closure testing was performed in 

accordance to USP<1207>. 

Product Product details 

VIAL SIZE AND TYPE Vial – 2 mL clear (VC002-13C) 

STOPPER SIZE AND TYPE 13 mm Injection Stopper Flurotec (New Generation) 4023/50 

B2-40 Westar RS (WPS # 1012- 2737) INJ13TB3WSRS 

OVERSEAL SIZE AND TYPE 13 mm Tear Off Overseal CETW13 WPS # 5920-2274 

 

Specifications of vials 

The material specifications and the diagram of the 2 mL clear vial (VC002-13C) are provided 

below.  

Product details 

Item Master Number: GCOM0003 Status: Active 

Description: Vial- 2 mL clear (VC002-13C) 

Standard Expiry Period: 1460 Storage: Ambient (15-25°C) 

Supplier: Schott Supplier Part Number: VC002-13C 

Grade: N/A Drawing reference:  04110247 

 

Sample requirements 

Release: C/TE/8259 Appendix 2and3 (See 

3.1.A.1 Facilities and equipment) 

Full Compendial: N/A 

Retest: NIA- 

Documentation/Label check only 

Retain: 10, from QC 

Sample 
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Approval requirement  

Test 1: Component free from 

visible contamination, 

complies with AQL limits 

Test 2: Refer to drawing 

04110247 

 

Test 3: NIA Test 4: NIA 

Endotoxin Level: NIA Calculation of 

Bioburden: 

NIA 

 

Documentation requirements  

TSE/BSE Statement: Yes Certificate of Analysis/Conformity: Yes 

Certificate of Irradiation: No Certificate of Sterility: No 

Other 1: NIA Other 2: NIA 

 

The frozen IMP vial with IV cysteamine bitartrate is shown in Figure below.  

 

 

Figure: Shows a representative frozen 2 mL IMP vial with 2.5 mL fill volume, containing cysteamine 

bitartrate 200 mg/mL (500 mg/vial).  



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 163 of 255 
 

 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 164 of 255 
 

Specification of stopper 

The material specifications and the diagram of the injection stopper Flurotec (New 

Generation) are provided below.  

Product details 

Item Master Number: GCOM0018 Status: Active 

Description: 13 mm Injection Stopper Flurotec (New Generation) 

4023/50 B2-40 Westar RS (WPS# 7001-8021) INJ13TB3WRS 

Standard Expiry Period: 1460 Storage: Ambient (15-25°C) 

Supplier: West 

Pharma 

Supplier Part Number: INJ13TB3WRS 

Grade: N/A Drawing reference:  1358 

 

Sample requirements 

Release: C/TE/8259 Appendix 2and3 (See 

3.1.A.1 Facilities and equipment) 

Full Compendial: N/A 

Retest: N/A- 

Documentation/Label check only 

Retain: 10, from QC 

Sample 

 

Approval requirement  

Test 1: Component free from 

visible contamination, 

complies with AQL limits 

Test 2: Refer to drawing 

1358 

Test 3: N/A Test 4: N/A 

Endotoxin Level: N/A Calculation of 

Bioburden: 

N/A 

 

Documentation requirements  

TSE/BSE Statement: Yes Certificate of Analysis/Conformity: Yes 

Certificate of Irradiation: No Certificate of Sterility: No 

Other 1: WFI  

Final Rinse 

Other 2: N/A 
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Specifications of over-seal 

The material specifications and the diagram of the tear off over-seal is provided below.  

Product details 

Item Master Number: GCOM0032 Status: Active 

Description: 13 mm Tear Off Overseal CETW13 WPS# 5920-2274 

Standard Expiry Period: 1460 Storage: Ambient (15-25°C) 

Supplier: West 

Pharma 

Supplier Part Number: CETW13 

Grade: N/A Drawing reference:  5003 

 

Sample requirements 

Release: C/TE/8259 Appendix 2and3 (See 

Appendix 3.1.A.1 Facilities and 

equipment) 

Full Compendial: N/A 

Retest: N/A- 

Documentation/Label check only 

Retain: 10, from QC 

Sample 

 

Approval requirement  

Test 1: Component free from 

visible contamination, 

complies with AQL limits 

Test 2: Refer to drawing 

5003 

Test 3: N/A Test 4: N/A 

Endotoxin Level: N/A Calculation of 

Bioburden: 

N/A 

 

Documentation requirements  

TSE/BSE Statement: Yes Certificate of Analysis/Conformity: Yes 

Certificate of Irradiation: No Certificate of Sterility: No 

Other 1: N/A Other 2: N/A 
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Primary packaging 

The frozen IMP vials were labelled by Albany Molecular Research Inc. (Glasgow) Limited 

[AMRI] using the approved clinical label for IV cysteamine bitartrate vials, and then were 

packed into Correx boxes.  

The Correx box size of 20 cm (L) x 7 cm (W) x 7 cm (H) was used for packing and 30 vials were 

packaged into each box. Each IMP box had a dosage sufficient for a 10-day course treatment 

per patient (3 vials per day). Primary packaging was carried out by Albany Molecular Research 

Inc. (Glasgow) Limited [AMRI]. The box and insert are white.  

The boxes were manufactured by  

Sundolitt Ltd,  

Suite A2, Stirling Agricultural Centre,  

Stirling, FK9 4RN 

United Kingdom. 

 

The inserts were manufactured by 

Corplex UK,  

Madleaze Industrial Estate,  

Bristol Road, Gloucester, GL1 5SG 

United Kingdom. 

 

The technical information of the Correx boxes is provided below.  

In Apr 2022, NovaBiotics moved the clinical trial supply services to Catalent CTS (Edinburgh) 

Limited. Catalent will perform the labelling and packaging of 3,082 unlabelled cysteamine 

vials from the GMP batch (lot No. P04620) that was manufactured by Curia (Scotland limited).   
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The cysteamine bitartrate IMP box with vials and the IMP box with box label are provided in 

Figure 1 and 2 below.  

 

 

Figure 1: Shows a representative box with IV cysteamine bitartrate vials, 30 IMP vials packed in a box 

that has a dosage for a course of 10 days treatment per patient.  

 

 

Figure 2: Shows a representative IMP box with the box label.  
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2.1.P.7 Stability 
 

Albany Molecular Research Inc. (Glasgow) Limited [AMRI] carried out stability studies 

according to the appropriate ICH guidance documents, approved stability protocol and 

relevant AMRI Glasgow SOPs.  

STABILITY OF NON-GMP BATCH 

Manufacturing date: 05/2020 

The non-GMP batch was manufactured using the same formula as the intended GMP batch, 

so the stability data generated from the non-GMP batch were considered representative for 

shelf-life estimation of the clinical batch. Vials of drug product from the non-GMP technical 

batch (Batch number: 001/NVB/20) were stored under ICH conditions at -20°C and stability 

testing was completed as shown in Table below.  

Table: Batch details 

Batch Number Product description Stability 
number 

Stability start 
date 

001/NVB/20 200 mg/mL cysteamine bitartrate* RS002/21 19 May 2020 

*2.5 mL liquid drug product in each vial.  

 

Storage conditions, stability timepoints and test details are provided in the Table below. 

Initially, NovaBiotics planned stability studies up to 12-month for the non-GMP batch. As the 

IMP showed good stability at 12-months, long term stability testing was planned up to 24 

months.  

Storage 

condition 

Initial 

(T =0) 

7 

Months 

8 

Months 

9 

Months 

10 

Months 

11 

Months 

12 

Months 

18 

Months 

24 

Months 

-20°C A B* BC BC BC BC BC BC BC 

A: Appearance, pH, osmolality, assay, related substances, sub-visible particulates, 

freeze/thaw 

B: Appearance, pH, assay, related substances 

C: Sub-visible particulates 

Freeze/thaw = 3 cycles, assessing appearance, pH, assay/purity after each cycle 

*Only appearance, assay and related substances analysis was performed, pH was not done at 

7 months.
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The stability data for the non-GMP technical batch 001/NVB/20 are provided in the Table below. These data were considered as supportive 

stability data for estimating the shelf life of the clinical batch.  

 

200 mg/mL cysteamine bitartrate, Lot: 001/NVB/20, Storage condition: -20°C 

Test Stability specification Initial  
(T = 0) 

7 
Months 

8 
Months 

9 
Months 

10 
Months 

11 
Months 

12 
Months 

18 
Months 

24 
Months 

Appearance Clear, colourless solution free 

from visible particulates 

Complies Complies Complies Complies Complies Complies Complies Complies  

pH Report results 5.5 ND 5.7 5.6 5.6 5.6 5.6 5.6  

Osmolality (mOsmkg-1) Report results 234 ND ND ND ND ND ND ND  

Assay (mg/mL) 90.0% -105.0%  102.0 105.9 100.6 101.3 101.1 99.4 100.9 100.9  

Purity NLT 95%  98.3 97.5 97.8 97.8 98.2 97.8 98.7 98.7  

Impurities     

(Related substances) 

Cystamine (base) ≤5.0% 1.61 2.40 2.16 2.05 1.72 2.13 2.09 2.12  

Any single unknown 

impurity 

≤0.15% Complies Complies Complies Complies Complies Complies Complies Complies  

Total unknown impurity ≤0.5% 0.14 0.13 0.09 0.11 0.12 0.10 0.09 0.13  

Total impurities ≤5.0% 1.75 2.53 2.25 2.16 1.84 2.23 2.18 2.25  

Sub-visible 

particulates 

Ph Eur 2.9.19/USP <788> Method 1 PASS ND PASS PASS PASS PASS PASS PASS  

ND: Not Done. 
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IMP meets the expectation for appearance and pH based on target drug profile at T = 18 

months. There was no significant change observed for appearance and pH for batch 

001/NVB/20 after 18 months storage at -20°C.  

Sub-visible particulates were measured directly from the sample vial and was carried out as 

per USP <788> method 1. Result at T = 0 was within the typical specification criteria of the 

number particles with diameter ≥10 µm per vial ≤6000 = PASS and number particles with 

diameter ≥25 µm per vial ≤600 = PASS and remained so after 18 months storage at -20°C. 

Significant increase in both assay and related substances at T = 7 months when compared to 

the initial timepoint, T = 0.  For the related substances, it was only the cystamine (base) which 

had significantly increased, relative area for RRT 3.06 and RRT 3.38 were comparable with T 

= 0. The significant increase in both the assay and the cystamine (base) were monitored at 

the future timepoints. 

Significant decrease in assay at T = 8 months when compared to T = 7 months however at        

T = 9 months, the assay was comparable with the previous timepoint (T = 8 months). A new 

batch of reference material was used for stability technical batch analysis (storage: -20°C) at 

T = 8 months timepoint. Therefore, on review, it appeared that the response of the previous 

standard material (storage: 2-8°C) was the root cause of the high assay result at T = 7 months.  

During the validation which was carried out in parallel with the T = 8 months and T = 9 months 

analysis, it was highlighted that the freezing rate of the vials across the technical batch was 

variable resulting in the variability of the cystamine (base) impurity seen between the 

timepoints of the stability study. The was investigated and it was confirmed that the 

cystamine (base) was the only impurity impacted by the variable freezing time of the technical 

batch vials. This was monitored at the future timepoints. No significant change in total 

impurities at T = 8 months and T = 9 months was observed.  

No significant change in assay at T = 10 months from the previous timepoint was observed. 

The assay result obtained at T = 11 months was comparable with theoretical. However, there 

was a slight decrease compared to T = 0 data with 97.5% recovery. The assay results obtained 

for vial 1 and vial 2 at T = 11 months were comparable. The recovery v theoretical at the              

T = 12 months timepoint was within 98.0-102.0%. There was no significant change in assay at 

the T = 12 months timepoint.  

The recovery v theoretical at the T = 18 months timepoint was within 98.0-102.0%. There was 

no significant change in assay at the T = 18 months timepoint when compared to T = 0. There 

was no significant change in assay throughout the stability study when stored at conditions -

20°C. 

A significant decrease in cystamine (base) was observed at T = 10 months when compared to 

T = 9 months. However, this was comparable to the % rel area seen to T = 0. There was a 

significant increase in cystamine (base), >0.3% rel area, observed at T = 11 months when 
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compared to T = 10 months. These were due to the variation seen between the freezing rate 

of the vials when the drug product was set down at -20°C. As the cystamine (base) result was 

comparable with what has been obtained at previous timepoints, this confirmed that the 

variation seen in cystamine (base) was not stability related. There was no significant change 

in any of the other impurities.  

There was no significant increase in total or individual impurities at the T = 18 months 

timepoint when compared to T = 12 months. There was an increase in cystamine (base) of 

~0.5% rel area from T = 0 to the timepoint, T = 18 months. No variability in the cystamine 

(base) at the T = 18 months timepoint. No significant increase in any other impurity over the 

course of the 18 months stability study.  

STABILITY OF GMP BATCH 

GMP batch was manufactured on 22 Dec 2020 and stored at -20°C. As non-GMP stability 

testing showed good stability for IV cysteamine bitartrate up to 10 months, it was decided to 

carry out stability testing for the GMP batch at 6, 9, 12, 18 months and if required at the end 

of the study. If the trial ends before 18 months, the 18-month stability testing will not be 

required. Release testing results can be used for initial T = 0 timepoint if samples are placed 

on stability within 30 calendar days of initiation of release testing.  Any testing outside the 30 

days will be re-tested.  

Release testing and stability studies of the GMP batch were carried out by Curia (Scotland) in 

line with current ICH requirements relevant to Curia (Scotland) SOPs and approved stability 

protocol.  

Table: Batch details 

Batch Number Product description Stability study 
protocol 

Stability 
start date 

P04620 200 mg/mL cysteamine bitartrate S00221 09 Apr 2021 

 

Samples were stored within Curia (Scotland) stability cabinets in the original containers, as 

received. Product vials for testing were held in an upright position. Regulatory reference 

sample vials were held upright at the defined product storage condition. Contingency vials 

were stored upright. The stability cabinets were monitored continuously throughout this 

study for any excursions in storage conditions relevant to the product.  
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Storage conditions, stability timepoints and test details are provided in the Table below.  

Storage 

condition 

Initial 

(T = 0) 

6 

Months 

9 

Months 

12 

Months 

End of Trial 

Months 

-20°C A* B BC BC BC 

A: Appearance, pH, osmolality, assay, related substances, ID, volume in container, sub-visible 
particulates, endotoxin and sterility.  
B: Appearance, pH, assay, related substances 
C: Sub-visible particulates, endotoxin, sterility 
 
*IMP batch release testing results were used for T = 0 stability results. The testing breached 

the set-down window period of 30 days by few days as the reference sample was found to be 

degraded upon use in testing, the cause of which was not determined.  However, a fresh 

reference sample was obtained which showed expected results in the first attempt.    

Considering there was only a small delay from the 30 days window period, it was decided not 

necessary to perform another T = 0 assessment. 
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The stability data for the GMP technical batch P04620 are provided in the Table below. 

200 mg/mL cysteamine bitartrate, Lot: P04620, Storage condition: -20°C  

Test Stability specification Initial  
(T -0) 

6 
Months 

9 
Months 

12 
Months 

End of Trial 

Appearance Clear, colourless solution free from visible 
particulates 

Complies Complies Complies   

pH Report results 5.5 5.5 5.5   

Osmolality (mOsm/kg) Report results 219 ND ND   

Volume in Container 
(Extractable Volume) 

NLT 2.2 mL 2.4 mL ND ND   

Identification  
(Retention Time) 

Retention peak compares to the reference 
standard 

Complies Complies Complies   

Assay (mg/mL) 95.0% -105.0% 100.8% 101.4% 99.6%   

Purity NLT 95% 95.9% 95.6% 95.6%   

Impurities     
(Related substances) 

Cystamine (base) ≤5.0% 3.90 4.05 4.23   

Any single unknown impurity ≤0.15% Complies Complies Complies   

Total unknown impurity ≤0.5% 0.24 0.34 0.18   

Total impurities ≤5.0% 4.14 4.39 4.41   

Identification  
(DAD Spectra) 

λ max in the reference solution and in the 
sample solution are the same within ±3 nm 

PASS  ND ND   

Particulate Matter Complies with Ph.Eur./USP <788> Method I PASS PASS ND   

Endotoxins NMT 10 EU/mL PASS PASS ND   

Sterility Sterile PASS PASS ND   

ND: Not Done; Sterility testing was subcontracted to Charles River Laboratories Ireland Ltd, Ballin.  
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Out Of Specifications (OOS) 

At 6 months stability testing of the GMP batch, out-of-specifications (OOS) was found for 

cysteamine (base) impurity. Specification for impurity was set at NMT 5.0% but the initial 

results showed 5.77%. An investigation was carried out by Curia (Scotland), and it was found 

that the high impurity results were due to the samples being in stored in the amber glassware 

before the testing which therefore have caused increased cysteamine (base) impurity level. 

During validation it was noted that the cysteamine (base) impurity increased significantly over 

time when the product was stored in amber glassware. Therefore, the results cannot attribute 

to product degradation at 6-month stability study and the initial result was invalidated. 

Repeat testing from the fresh sample vials showed cysteamine (base) impurity was within the 

specification criteria, and the results showed no impact on the stability data and on trend 

with previous analysis.  

Furthermore, at 6 months stability test, the bacterial endotoxin testing stability results 

showed an OOS for endotoxin in just one well.  All samples were tested in duplicate, one well 

indicated no endotoxin whereas the other duplicate well indicated an endotoxin level of 

28.1EU/mL against an endotoxin limit of 10EU/mL. This OOS result was investigated. Root 

cause of the initial OOS result obtained was believed to be due to spontaneous 

(environmental) contamination (samples are tested on kinetic tube reader on lab bench which 

could be susceptible to contamination) of one well. The initial result was invalidated. Repeat 

testing from the original (vial 1) showed results of <2EU/mL and the GMP product met the 

stability criteria at 6 months stability testing.   

Shelf-Life extension plan 

The stability data collected thus far for the cysteamine bitartrate IV product confirm that the 

IMP is stable for 18 months when stored frozen at -15 to -25°C, starting from the 

manufacturing date of the product. The stability data obtained from the non-GMP batch 

allowed to define an estimated shelf-life of 18 months for the product.   

NovaBiotics has planned ongoing stabilities studies both for the non-GMP (up to 24 months) 

and GMP batches (up to 18 months) that would allow to extend the shelf-life for the product. 

The shelf-life extensions in the future will be based on the available real time stability data 

for the product that meets the predetermined specifications and acceptable criteria. At 

present, there is no plan to extrapolate the stability data to estimate the shelf-life extension. 

However, if required, NovaBiotics will analyse the trends in the stability data and will estimate 

the shelf-life based on the extrapolation criteria outlined in the following guidelines: 

• MHRA, Points to consider when preparing the IMP dossier 

• Guideline on the requirements for the chemical and pharmaceutical quality 

documentation concerning investigational medicinal products in clinical trials 

(EMA/CHMP/QWP/545525/2017) 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 180 of 255 
 

Storage condition and stability results 

The drug product must be stored frozen at -15 to -25°C. For the clinical batch, updated 

stability tables will be provided (if requested by the relevant authority) and any unexpected 

results or out of specification be revelated over the stability testing period that will potentially 

impact on quality, efficacy, and safety of drug product will be communicated immediately to 

the relevant authority, and a further decision plan will be undertaken. Furthermore, any 

unexpected results which may invalidate the extrapolated shelf life (if extrapolation used to 

extend the shelf-life) will be communicated to the relevant regulatory authorities, and the 

clinical batches will be recalled.  

IN-USE STABILITY OF DRUG PRODUCT IN CLINIC USE 

In-use study to assess stability of drug product vials in clinic was carried out at 2-8°C for 7 days 

and at ambient temperate for 48 hours.  

Materials, reagents, and equipment 

All materials and reagents were of appropriate grade/quality for intended use. All equipment 

was suitably calibrated.  

Materials and reagents 

Materials and reagents Details 

Cysteamine bitartrate drug product 001/NVB/20 

Water In-house supply 

Acetonitrile Lot: 20J061957 

99.9% Methanol Lot: 2066189 

85% Phosphoric Acid Lot: BCBZ515 

Sodium Dodecyl Sulphate Lot: MKCL7761 

 

Results 

Appearance and pH, 2-8°C study 

Time-point/storage Appearance pH 

T = 0 (Initial) Clear, colourless solution with no visible particulates 5.8 

T = 1 day Clear, colourless solution with no visible particulates 5.7 

T = 2 days Clear, colourless solution with no visible particulates 5.5 

T = 3 days Clear, colourless solution with no visible particulates 5.5 

T = 4 days Clear, colourless solution with no visible particulates 5.6 

T = 5 days Clear, colourless solution with no visible particulates 5.6 

T = 6days Clear, colourless solution with no visible particulates N/A 

T = 7 days Clear, colourless solution with no visible particulates 5.7 
Note: pH analysis for T = 6 days (2-8°C study) was not performed in error. As this was not the final time 
point, the study was not repeated in order to obtain a pH result for the T = 6 days. 
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Appearance and pH, ambient study 

Time-point/storage Appearance pH 

T = 0 (Initial) Clear, colourless solution with no visible particulates 5.6 

T = 3 hours Clear, colourless solution with no visible particulates 5.6 

T = 6 hours Clear, colourless solution with no visible particulates 5.6 

T = 10 hours Clear, colourless solution with no visible particulates 5.6 

T = 24 hours Clear, colourless solution with no visible particulates 5.7 

T = 34 hours Clear, colourless solution with no visible particulates 5.6 

T = 48 hours Clear, colourless solution with no visible particulates 5.6 

 

No significant change in appearance or pH was observed over the course of the 2-8°C and 

ambident studies.  

Sub-visible particles 

Sub-visible particles (µm), 2-8°C study 

Time-point/storage Count/vial* Pass/Fail* 

≥10 µm ≥25 µm 

T = 0 (Initial) 42 0 PASS 

T = 3 days 21 4 PASS 

T = 7 days 17 0 PASS 
*Number particles with diameter ≥10µm per vial ˂6000 = PASS and number particles with diameter 
≥25 µm per vial ˂600 = PASS. 

Sub-visible particles (µm), ambient study 

Time-point/storage Count/vial* Pass/Fail* 

≥10 µm ≥25 µm 

T = 0 (Initial) 0 0 PASS 

T = 10 hours 42 25 PASS 

T = 48 hours 4 0 PASS 
*Number particles with diameter ≥10µm per vial ˂6000 = PASS and number particles with diameter 
≥25 µm per vial ˂600 = PASS. Note: Sub-visible particulate analysis for T = 24 hours was not performed 
in error. Due to the sub-visible particulate testing being carried out at the time points immediately 
before and after T = 24 hours, the study was not repeated for T = 24 hours.  

No significant change in sub-visible particulates was observed over the course of the 2-8°C 

and ambident studies.  
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Assay and Related Substances 

Assay, 2-8°C study 

Time-point/ 
storage 

Preparation 1 
[cysteamine 
bitartrate] 
(mg/mL) 

Preparation 2 
[cysteamine 
bitartrate] 
(mg/mL) 

Mean 
[cysteamine 
bitartrate] 
(mg/mL) 

% Recovery 
vs 

theoretical1 

% Recovery 
vs T = 02 

T = 0 (Initial) 201.269 201.257 201.263 100.6 - 

T = 1 day 202.208 201.210 201.709 100.9 100.2 

T = 2 days 198.624 198.540 198.582 99.3 98.7 

T = 3 days 199.156 199.009 199.082 99.5 98.9 

T = 4 days - - - - - 

T = 5 days - - - - - 

T = 6days 200.391 201.629 201.010 100.5 99.9 

T = 7 days 197.289 197.940 197.614 98.8 98.2 
1As percentage of theoretical 200 mg/mL; 2As percentage of initial (T = 0) result. Note: No assay or 
related substances data for the T = 4 and T = 5 days timepoints was obtained due to chromatographic 
issues. As data was obtained prior to and following these timepoints the analysis was not required to 
be repeated.  

 

No assay or related substances data for the T = 4 and T = 5 days timepoints was obtained due 

to chromatographic issues. As data was obtained prior to and following these timepoints the 

analysis was not required to be repeated.  

 

At present, no reason to establish a root cause for the atypical chromatography has been 

achieved. All materials and reagents were compared across all studies for this product and 

there is no difference between column, materials or specifics used when the issue has been 

observed. This was investigated and this issue will be further highlighted if obtained in future 

analysis for this product [See Section 2.1.P.5.3 Investigations (page =15048)]. 

 

Assay, ambient study 

Time-point/ 
storage 

Preparation 1 
[cysteamine 
bitartrate] 
(mg/mL) 

Preparation 2 
[cysteamine 
bitartrate] 
(mg/mL) 

Mean 
[cysteamine 
bitartrate] 
(mg/mL) 

% Recovery 
vs 

theoretical1 

% Recovery 
vs T = 02 

T = 0 (Initial) 202.100 203.118 202.609 101.3 - 

T = 3 hours 202.341 202.098 202.220 101.1 99.8 

T = 6 hours 202.634 201.851 202.242 101.1 99.8 

T = 10 hours 200.234 201.183 202.242 100.4 99.1 

T = 24 hours 201.209 205.321 203.265 101.6 100.3 

T = 34 hours 206.257 207.707 206.982 103.5 102.2 

T = 48 hours 204.158 203.886 204.022 102.0 100.7 
1As percentage of theoretical 200 mg/mL; 2As percentage of initial (T = 0) result. 
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No significant change in assay over the course of the 2-8°C or ambident study was observed. 

All recoveries v T = 0 were within the typical criteria of 98.0 -102.0% except for T = 34 hours. 

However, the recovery drops to within this criterion at the T = 48 hours which shows the slight 

increase at T = 24 hours is anomalous and potentially due to a preparation error.  

Related Substances, 2-8°C study  

 
RRT 

Time-point/storage and amount (% Area) 

Initial  
(T = 0) 

T = 1 
day 

T = 2 
days 

T = 3 
days 

T = 4 
days 

T = 5 
days 

T = 6 
days 

T = 7 
days 

0.72 ˂LOQ 0.05 ˂LOQ ˂LOQ - - ˂LOQ ˂LOQ 

0.73 0.05 0.05 ˂LOQ ˂LOQ - - ˂LOQ ˂LOQ 

0.84 ND ND ˂LOQ ˂LOQ - - ˂LOQ ˂LOQ 

1.18 ˂LOQ ˂LOQ ˂LOQ ˂LOQ - - ˂LOQ ˂LOQ 

1.32 ˂LOQ ˂LOQ ˂LOQ ˂LOQ - - ˂LOQ ˂LOQ 

1.57 ˂LOQ ˂LOQ ˂LOQ ˂LOQ - - ˂LOQ ˂LOQ 

3.49 0.12 0.11 0.11 0.10 - - 0.08 0.06 

3.71 ˂LOQ ˂LOQ ˂LOQ ˂LOQ - - ˂LOQ ND 

Cystamine 
(base) 

2.45 2.42 2.85 2.99 - - 4.11 4.55 

Total* 2.62 2.63 2.96 3.09 - - 4.19 4.61 

*Sum of related substances ≥0.05%, totals take from chromatographic software. 

No significant increase in individual or total impurities after T = 1 day at 2-8°C storage was 

observed. At T = 2 days, there is an increase of ~0.4% relative area in the cystamine (base) 

and this continues to increase at each of the remaining timepoints.  

The average impurities of the two vials analysed at each timepoint is reported. As seen in 

previous studies, there has been some variation in the cystamine (base) content between 

vials observed due to the variable freezing rate of the drug product when stored at -20°C [See 

Section 2.1.P.5.3 Investigations (Page = 15048)]. The cystamine (base) between both vials for 

the 2-8°C study was comparable.  

There was no significant change in any of the other related substances over the course of the 

study.  
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Related Substances, ambient study 

 

RRT 

Time-point/storage and amount (% Area) 

Initial  
(T = 0) 

T = 3 
hours 

T = 6 
hours 

T = 10 
hours 

T = 24 
hours 

T = 34 
hours 

T = 48 
hours 

0.84 ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.18 ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.32 ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.57 ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

3.49 0.11 0.10 0.10 0.10 0.08 0.09 0.08 

3.71 ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

Cystamine 

(base) 

2.05 2.10 2.17 2.24 2.48 2.63 2.95 

Total* 2.16 2.20 2.27 2.34 2.56 2.72 3.03 

*Sum of related substances ≥0.05%, totals take from chromatographic software. 

No significant increase in individual or total impurities after T = 3 hours and T = 6 hours was 

observed. At T = 10 hours, there was an increase in cystamine (base) ˃0.1% relative area from 

the T = 6 hours timepoint. From the T = 10 hours timepoint, there was an increase in 

cystamine (base) of ~0.2-0.3% relative area at each of the remaining timepoints.  

Once again for the ambient study, the average impurities of the two vials analysed at each 

time point was reported. As seen in previous studies, there had been some variation in the 

cystamine (base) content between vials observed due to the variable freezing rate of the drug 

product when stored at -20°C [See Section 2.1.P.5.3 Investigations (Page = 15048)]. During 

the ambient study, there was variability observed between the two vials and the % relative 

area of cystamine (base) was consistently higher in vial 1 when compared to vial 2. At each of 

the time points, vial 1 consistently had a % relative area of ~0.4-0.5% greater than vial 2.  

There was no significant change in any of the other related substances over the course of the 

study.  

Conclusion 

No significant change in appearance, pH and sub-visible particulates was observed over the 

course of the 2-8°C and ambident studies. No significant increase in individual or total 

impurities on T = 1 day at 2-8°C storage and up to T = 6 hours in ambient storage. The % 

relative area in the cystamine (base) increased after day 1 and after 6 hours at 2-8°C and 

ambident studies respectively. 

IN-USE STUDY TO ASSESS STABILITY OF CYSTEAMINE BITARTRATE DRUG PRODUCT IN 

CLINIC: EXTENDED STUDY 

 

As the 7 days In-use stability study in clinic showed that the IMP cysteamine bitartrate was 

stable up to 7 stays when stored refrigerated at 2-8°C, NovaBiotics extended the study and 
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assessed the In-use stability of cysteamine bitartrate in clinic up to and including T = 10 days 

at 2-8°C storage condition. In the extended study, stability of cysteamine bitartrate was 

assessed only at time points, T = 0 (initial) and T = 8, 9 and 10 days.  

Materials, reagents, and equipment 

All materials and reagents were of appropriate grade/quality for intended use. All equipment 

was suitably calibrated.  

Materials and reagents 

Materials and reagents Details 

Cysteamine bitartrate drug product 001/NVB/20 

Water In-house supply 

Acetonitrile Lot: 20L152008  

99.9% Methanol Lot: 2169132 

85% Phosphoric Acid Lot: BCBZ515 

Sodium Dodecyl Sulphate Lot: MKCL7761 

 

Results 

Appearance and pH, 2-8°C study 

Time-point/storage Appearance pH 

T = 0 (Initial) Clear, colourless solution with no visible particulates 5.6 

T = 8 days Clear, colourless solution with no visible particulates 5.6 

T = 9 days Clear, colourless solution with no visible particulates 5.6 

T = 10 days Clear, colourless solution with no visible particulates 5.6 

 

No significant change in appearance or pH was observed over the course of the 10-day study.  

Sub-visible particles 

Sub-visible particles (µm), 2-8°C study 

Time-point/storage Count/vial* Pass/Fail* 

≥10 µm ≥25 µm 

T = 0 (Initial) 0 0 PASS 

T = 8 days 8 4 PASS 

T = 9 days 4 0 PASS 

T = 10 days 8 4 PASS 
*Number particles with diameter ≥10 µm per vial ˂6000 = PASS and number particles with diameter 
≥25 µm per vial ˂600 = PASS. 

No significant change in sub-visible particulates was observed over the course of the 2-8°C 

study.   
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Assay and Related Substances 

Assay, 2-8°C study 

Time-point/ 
storage 

Preparation 1 
[cysteamine 
bitartrate] 
(mg/mL) 

Preparation 2 
[cysteamine 
bitartrate] 
(mg/mL) 

Mean 
[cysteamine 
bitartrate] 
(mg/mL) 

% Recovery 
vs 

theoretical1 

% Recovery 
vs T = 02 

T = 0 (Initial) 200.102 201.233 200.668 100.3 - 

T = 8 days 200.922 200.456 200.689 100.3 100.0 

T = 9 days 201.284 199.298 200.291 100.1 99.8 

T = 10 days 202.080 202.023 202.051 101.0 100.7 
1As percentage of theoretical 200 mg/mL; 2As percentage of initial (T = 0) result.  

 

No significant change in assay over the course of the 2-8°C study was observed. All recoveries 

v T = 0 were within the typical criteria of 98.0 -102.0% and all recoveries v theoretical were 

within the typical criteria of 98.0 -102.0%.  

Related Substances, 2-8°C study  

 
RRT 

Time-point/storage and amount (% Area) 

Initial (T = 0) T = 8 days T = 9 days T = 10 days 

0.84 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.18 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.32 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.57 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

3.49 0.11 0.08 0.08 0.07 

3.71 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

Cystamine (base) 2.22 3.15 3.37 3.56 

Total* 2.33 3.23 3.45 3.63 

*Sum of related substances ≥0.05%, totals take from chromatographic software. 

At T = 8 days, there was a significant increase in the cystamine (base) of ~0.9% relative area 

from the T = 0 timepoint, this impurity continued to increase by approximately 0.2% relative 

area at each of the remaining timepoints.  

 

The average impurities of the two vials analysed at each time point was reported. As seen in 

previous studies, there had been some variation in the cystamine (base) content between 

vials observed due to the variable freezing rate of the drug product when stored at -20°C [See 

Section 2.1.P.5.3 Investigations (Page = 15048)]. During the extended 2-8°C In-use study, 

there was variability observed between the two vials and the % relative area of cystamine 

(base) was consistently higher in vial 1 when compared to vial 2. At each of the time points, 

vial 1 consistently had a % relative area of ~0.4-0.5% greater than vial 2.  

There was no significant change in any of the other related substances over the course of the 

study. 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 187 of 255 
 

ASSESSMENT OF INFUSION FLUID STABILITY AND COMPATIBILITY WITH IV 

ADMINISTRATION SETS 

 
Cysteamine bitartrate 200 mg/mL is a concentrated solution and needs to be diluted prior to 

administration intravenously. The diluted cysteamine bitartrate drug product will be given by 

infusion. To verify that the diluted cysteamine bitartrate solution is stable during infusion and 

compatible with IV sets routinely used in the hospitals, the following tests were carried out 

by AMRI as described below. 

 

• In-use study to assess the stability of the diluted cysteamine bitartrate drug product in the 

infusion bags. 

• Compatibility of diluted cysteamine bitartrate solution with the IV administration set.  

 

In-use stability of cysteamine bitartrate drug product in infusion bags 

 
The liquid product of the cysteamine bitartrate IMP was assessed at two concentrations, 1.75 

mg/mL in 100 mL 0.9% sodium chloride solution and 10 mg/mL in 50 mL 0.9% sodium chloride 

solution and assessed for stability over 24 hours at both 2-8°C and ambient conditions. The 

lower concentrations, as worst-case scenario was also assessed for compatibility with IV 

administration sets.  

 

Materials, reagents, and test method 

 
The following materials and reagents, and test method were used for the analysis.  

 

Materials and reagents 

Materials and reagents Details 

Cysteamine bitartrate drug product 001/NVB/20 

Water In-house supply 

0.9% w/v sodium chloride 100 mL Lot: FE1307G 

0.9% w/v sodium chloride 50 mL Lot: FE1306G 

5 mL syringe Lot: 20190508 

1 mL syringe Lot: 20190705 

21G needle 40mm x 0.8mm Lot: 200515 

 

Test method 

Test Method/SOP 

Appearance C.TE.8257.06 

Assay and related substances by HPLC ADP369 

Sub-visible particulates C.EQ.8042.10 
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Preparation of 1.75 mg/mL cysteamine bitartrate in 100 mL 0.9% w/v sodium chloride 

infusion solution 

 

• Transferred 0.8 mL of 200 mg/mL cysteamine bitartrate drug product into the 100 mL 

infusion bag using a needle and 1 mL syringe. 

• Inverted the infusion bag 10 times to ensure homogenous solution. 

• Repeated the above steps to prepare two bags in total. 

 

Preparation of 10 mg/mL cysteamine bitartrate in 50 mL 0.9% w/v sodium chloride infusion 

solution 

 

• Transferred 2.5 mL (contents of 1 vial) of 200 mg/mL cysteamine bitartrate drug product 

into the 50 mL infusion bag using a needle and 5 mL syringe. 

• Inverted the infusion bag 10 times to ensure homogenous solution. 

• Repeated the above steps to prepare two bags in total. 

 

Sample storage 

 
One infusion bag at each concentration was stored at ambient conditions; the remaining bag 

at each concentration was stored at 2-8°C. Samples were removed after 0, 3, 6 and 24 hours. 

Additionally, a sample was also removed from a 0.9% w/v sodium chloride infusion bag 

containing no cysteamine bitartrate and tested as a control. 

 

Analysis and acceptance criteria 

At each time point, 5 mL of sample solution was removed from each bag using a needle and 

syringe. 3 mL of the sample solution was transferred to a glass sample vial for sub-visible 

particulate testing and 2 mL was transferred to a glass sample vial for appearance and 

assay/related substances. Analytical testing was carried out according to Table below. 

 

Testing matrix 

Test Sample 

T = 0 (bag) T = 3 hour T = 6 hour T = 24 hour 

Appearance √ √ √ √ 

Sub-visible particles* √ √ √ √ 

Assay and related substances √ √ √ √ 

*Sub visible particulate testing was carried out on reduced volumes as appropriate for 
development study (1 mL tare + 4 x 0.5 mL sample runs) 
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Results 

 

Appearance, 1.75 mg/mL at both 2-8°C and Ambient 

Time-point/storage Appearance 

T = 0 Clear, colourless solution with no visible particulates 

T = 3 h Clear, colourless solution with no visible particulates 

T = 6 h Clear, colourless solution with no visible particulates 

T = 24 h Clear, colourless solution with no visible particulates 

 

Appearance, 10 mg/mL at both 2-8°C and Ambient 

Time-point/storage Appearance 

T = 0 Clear, colourless solution with no visible particulates 

T = 3 h Clear, colourless solution with no visible particulates 

T = 6 h Clear, colourless solution with no visible particulates 

T = 24 h Clear, colourless solution with no visible particulates 

 

Sub-visible particulates 

 

Sub-visible particulates (µm), 1.75 mg/mL at 2-8°C 

Time-point/storage Count/vial* Pass/Fail* 

≥10 µm ≥25 µm 

Initial (T = 0) 5 0 PASS 

T = 24 h 28 23 PASS 

*Number particles with diameter ≥10 µm per vial ˂6000 = PASS and number particles with diameter 
≥25 µm per vial ˂600 = PASS.  
 

Sub-visible particulates (µm), 1.75 mg/mL at Ambient 

Time-point/storage Count/vial* Pass/Fail* 

≥10 µm ≥25 µm 

Initial (T = 0) 2 0 PASS 

T = 24 h 18 10 PASS 

*Number particles with diameter ≥10 µm per vial ˂6000 = PASS and number particles with diameter 
≥25 µm per vial ˂600 = PASS. 

 

Sub-visible particulates (µm), 10 mg/mL at 2-8°C 

Time-point/storage Count/vial* Pass/Fail* 

≥10 µm ≥25 µm 

Initial (T = 0) 7 3 PASS 

T = 24 h 12 0 PASS 

*Number particles with diameter ≥10 µm per vial ˂6000 = PASS and number particles with diameter 
≥25 µm per vial ˂600 = PASS. 
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Sub-visible particulates (µm), 10 mg/mL at Ambient 

Time-point/storage Count/vial* Pass/Fail* 

≥10 µm ≥25 µm 

Initial (T = 0) 17 10 PASS 

T = 24 h 25 7 PASS 

*Number particles with diameter ≥ 10 µm per vial ˂6000 = PASS and number particles with diameter 
≥25 µm per vial ˂600 = PASS. 

 

Assay and Related Substances 

 
Assay, 1.75 mg/mL at 2-8°C 

Time-point/ 

storage 

Preparation 1 

[cysteamine 

bitartrate] 

(mg/mL) 

Preparation 2 

[cysteamine 

bitartrate] 

(mg/mL) 

Mean 

[cysteamine 

bitartrate] 

(mg/mL) 

% Recovery 

vs 

theoretical1 

% Recovery 

vs T = 02 

T = 0 1.466 - - 91.6 - 

T = 3 h 1.468 1.468 1.468 91.8 100.2 

T = 6 h 1.475 1.475 1.475 92.2 100.6 

T = 24 h 1.481 1.478 1.480 92.5 101.0 
1As percentage of theoretical 1.75 mg/mL; 2As percentage of initial (T = 0) result. 

 

Assay, 1.75 mg/mL at Ambient 

Time-point/ 
storage 

Preparation 1 
[cysteamine 
bitartrate] 
(mg/mL) 

Preparation 2 
[cysteamine 
bitartrate] 
(mg/mL) 

Mean 
[cysteamine 
bitartrate] 
(mg/mL) 

% Recovery 
vs 

theoretical1 

% Recovery 
vs T = 02 

T = 0 1.496 - - 93.5 - 

T = 3 h 1.496 1.498 1.497 93.5 100.0 

T = 6 h 1.493 1.493 1.493 93.3 99.8 

T = 24 h 1.510 1.506 1.508 94.3 100.8 
1As percentage of theoretical 1.75 mg/mL; 2As percentage of initial (T = 0) result. 

 

Assay, 10 mg/mL at 2-8°C 

Time-point/ 
storage 

Preparation 1 
[cysteamine 
bitartrate] 
(mg/mL) 

Preparation 2 
[cysteamine 
bitartrate] 
(mg/mL) 

Mean 
[cysteamine 
bitartrate] 
(mg/mL) 

% Recovery 
vs 

theoretical1 

% Recovery 
vs T = 02 

T = 0 8.100 - - 81.0 - 

T = 3 h 8.154 8.061 8.108 81.5 100.1 

T = 6 h 8.211 8.257 8.234 82.1 101.7 

T = 24 h 8.170 8.207 8.188 81.7 101.1 
1As percentage of theoretical 10 mg/mL; 2As percentage of initial (T = 0) result. 
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Assay, 10 mg/mL at Ambient 

Time-point/ 
storage 

Preparation 1 
[cysteamine 
bitartrate] 
(mg/mL) 

Preparation 2 
[cysteamine 
bitartrate] 
(mg/mL) 

Mean 
[cysteamine 
bitartrate] 
(mg/mL) 

% Recovery 
vs 

theoretical1 

% Recovery 
vs T = 02 

T = 0 7.853 - - 78.5 - 

T = 3 h 7.855 7.869 7.862 78.5 100.1 

T = 6 h 7.986 7.901 7.944 79.9 101.1 

T = 24 h 7.933 7.980 7.956 79.3 101.3 
1As percentage of theoretical 10 mg/mL; 2As percentage of initial (T = 0) result. 

 

Related substances, 1.75 mg/mL at 2-8°C 

RRT Time-point/storage and amount (% Area) 

Initial (T = 0) T = 3 hrs T = 6 hrs T = 24 hrs 

1.11 0.10 0.10 0.10 0.10 

1.17 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.24 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.32 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.57 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

3.49 0.13 0.13 0.14 0.14 

3.71 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

Cystamine (base) 1.75 1.69 1.75 1.69 

Total* 1.98 1.92 1.99 1.93 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 

 

Related substances, 1.75 mg/mL at Ambient 

RRT Time-point/storage and amount (% Area) 

Initial (T = 0) T = 3 hrs T = 6 hrs T = 24 hrs 

1.11 0.10 0.10 0.10 0.11 

1.17 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.24 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.32 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.57 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

3.49 0.13 0.14 0.14 0.14 

3.71 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

Cystamine (base) 1.72 1.75 1.80 1.73 

Total* 1.95 1.99 2.04 1.98 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 
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Related substances, 10 mg/mL at 2-8°C 

RRT Time-point/storage and amount (% Area) 

Initial (T = 0) T = 3 hrs T = 6 hrs T = 24 hrs 

1.11 0.10 0.05 0.05 0.05 

1.17 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.24 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.32 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

2.81 0.10 ND ND ND 

3.49 0.13 0.13 0.13 0.13 

3.71 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

Cystamine (base) 1.92 1.86 2.08 2.05 

Total* 2.24 2.04 2.26 2.23 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 

 

Related substances, 10 mg/mL at Ambient 

RRT Time-point/storage and amount (% Area) 

Initial (T = 0) T = 3 hrs T = 6 hrs T = 24 hrs 

1.11 0.05 ˂LOQ 0.06 ˂LOQ 

1.17 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

1.24 ND ND ND ND 

1.32 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

2.81 ND ND ND ND 

3.49 0.13 0.13 0.13 0.13 

3.71 ˂LOQ ˂LOQ ˂LOQ ˂LOQ 

Cystamine (base) 2.21 2.28 2.49 2.52 

Total* 2.38 2.41 2.68 2.65 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 

  

Conclusion 

 

There is no change in appearance and sub-visible particulates over the stability period for 

concentrations, 1.75 mg/mL and 10 mg/mL at either storage condition.  

There is no significant change in assay or related substances over the course of the 24 h 

stability study for the 1.75 mg/mL bags at either storage condition. All assay recoveries v            

T = 0 throughout the study were within 98.0 – 102.0% and there was no significant increase 

in individual or total impurities.  

 

There is no significant change in assay over the course of the 24 h stability study for the 10 

mg/mL bags at either storage condition. All assay recoveries v T = 0 throughout the study 

were within 98.0 – 102.0%. Variability in cystamine (base) was observed for the 10 mg/mL 

bags between vials [See Section 2.1.P.5.3 Investigations (Page = 15048)] and between the 

timepoints over the 24 h stability study. An increase of 0.3% was observed from T=0 to the    

T = 24 h timepoint for the cystamine (base) impurity at the ambient storage condition. No 

significant change was observed in this impurity when stored at 2-8°C. There was no 



Cysteamine Bitartrate (NM002/Nylexa®)             NovaBiotics Ltd. 

Investigational Medicinal Product Dossier_Version32.0 dated 13 Dec 08 Apr 20221 

 

Page 193 of 255 
 

significant increase in any other individual impurities or total impurities over the course of 

the stability study at either storage condition.  

 

Note: The volume of a 50 mL infusion bag was measured and shown to be 60 mL and the 

volume of a 100 mL infusion bag measured and shown to be 110 mL. There was 10 mL over 

the stated volume for both of the bags. Due to the bag overage, the target concentrations 

would not have been achieved hence the lower than the anticipated assay results.  

 

Compatibility of cysteamine bitartrate solution with IV administration sets 

 

Preparation of 1.75 mg/mL cysteamine bitartrate in 0.9% w/v sodium chloride infusion 

solution 

• Transferred 0.8 mL of 200 mg/mL cysteamine bitartrate drug product into the 100 mL 

infusion bag using a needle and 1 mL syringe. 

• Inverted the infusion bag 10 times to ensure homogenous solution. 

• Repeat the above steps to prepare two bags in total. 

 

Administration 

 
Fresh infusion bags were prepared following the steps above. The bags were attached to the 

administration sets and the dilute cysteamine bitartrate solution was run from the bag 

through the set by gravity. The flow rate adjusted to run/administer the entire bag within 15 

minutes at ambient temperature. A 10 mL sample was removed at the beginning, middle and 

end of the administration and the remaining solution stored as a bulk. 

 

Analysis and acceptance criteria 

 
The beginning, middle and end samples were analysed for appearance, assay and related 

substances as given in the Table below.  

 

Testing matrix 

Test Sample 

Beginning (10 mL) Middle (10 mL) End (10 mL) 

Appearance √ √ √ 

Assay and related substances √ √ √ 
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Results 

 
Appearance, IV administration sets, 1.75 mg/mL 

Time-point/storage Appearance 

T = Beginning Clear, colourless solution with no visible particulates 

T = Middle Clear, colourless solution with no visible particulates 

T = End Clear, colourless solution with no visible particulates 

 

Assay, IV administration sets, 1.75 mg/mL  

Time-

point/storage 

Preparation 1 

[cysteamine 

bitartrate] 

(mg/mL) 

Preparation 2 

[cysteamine 

bitartrate] 

(mg/mL) 

Mean 

[cysteamine 

bitartrate] 

(mg/mL) 

% Recovery 

vs 

theoretical1 

% Recovery 

vs T = 02 

T = Beginning 1.497 1.460 1.479 85.5 - 

T = Middle 1.495 1.464 1.480 84.6 100.1 

T = End 1.496 1.461 1.479 84.5 99.9 
1As percentage of theoretical 1.75 mg/mL; 2As percentage of initial (T = Beginning) result. 

 

Related substances, IV administration sets, 1.75 mg/mL 

RRT Time-point/storage and amount (% Area) 

T = Beginning T = Middle T = End 

1.11 0.10 0.10 0.11 

1.17 ˂LOQ ˂LOQ ˂LOQ 

1.32 ˂LOQ ˂LOQ ˂LOQ 

3.49 0.13 0.13 0.14 

3.71 ˂LOQ ˂LOQ ˂LOQ 

Cystamine (base) 1.74 1.74 1.74 

Total* 1.97 1.97 1.99 

*Sum of related substance ≥0.05%, totals taken from chromatographic software. 

 

Conclusion  

 

There is a no change in appearance between the beginning, middle and end of the 1.75 mg/mL 

bags which were administered with the IV administration sets over a period of 15 minutes. 

 

There is no significant change in assay or related substances between the beginning, middle 

or end of the 1.75 mg/mL bags which were administered with the IV administration sets over 

a period of 15 minutes.  
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3. Appendices 
 

 Facilities and equipment 
 

The manufacturing authorisation certification of Albany Molecular Research Inc. (Glasgow) 

Limited [AMRI] is provided below. AMRI changed its name to Curia (Scotland) limited in Jul 

2021.  
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The GMP certification of Albany Molecular Research Inc. (Glasgow) Limited [AMRI] is provided 

below. AMIR changed its company to Curia (Scotland) Limited in July 2021.  
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AMRI’s inspection and approval process for incoming IMP vials is provided below.  
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Facilities and equipment: Catalent CTS (Edinburgh) Limited 

 

The manufacturing authorisation certificate of Catalent CTS (Edinburgh) Limited is provided 

below.  
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The GMP compliance certificate of Catalent CTS (Edinburgh) Limited is provided below.  
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The GDP compliance certificate of Catalent CTS (Edinburgh) Limited is provided below. 
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 Adventitious agents safety evaluation 
 

The API and the excipients used in the formulation are not of human or animal origin.  

 

TSE agents 

The TSE/BSE statement from the API manufacturer, Cambrex Profarmaco Milano S.r.l. is 

provided below.  
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Viral safety 

 

Not applicable 

 

Other adventitious agents 

 

Not applicable 

 

 Novel excipients 
 

None involved.  

 

 Solvents for reconstitution and diluents 
 

Not applicable. 

 


