
 

 

 

 

 

 

 

 

 

Hazard analysis of falsified peptide ‘medicines’ 
 

 

 

 
 

 

 
Dissertation presented to obtain the degree of Doctor in Pharmaceutical Sciences 

 

 

Steven Janvier 
 

 

Promoters: 

Prof. Dr. Bart De Spiegeleer 

Dr Eric Deconinck 

Dr. Celine Vanhee 

 
Drug Quality & Registration (DruQuaR) lab 



 



 

  



  



 

 

 

 
HAZARD ANALYSIS OF FALSIFIED 

PEPTIDE ‘MEDICINES’ 
 

 

 

 

Steven Janvier 

Master of Science in Bioengineering 

 

 

 

 

Promoters: 

Prof. Dr. Bart De Spiegeleer  

Drug Quality & Registration (DruQuaR) lab 

 

  Dr. Eric Deconinck 

 Dr. Celine Vanhee 

Medicines and Health Products, Sciensano 

 

 

2019 

 

 

Thesis submitted to obtain the degree of  

Doctor in Pharmaceutical Sciences 



  



 

 

Copyright 

 

 
The author and the promotors give the authorization to consult and to copy parts of 
this thesis for personal use only. Any other use is limited by the Laws of Copyright, 
especially the obligation to refer to the source whenever results from this thesis are 
cited.  
 
 
Ghent, 24th January 
 
 
 
 
The Promoters       The Author 
        
 
 
 
 
Prof. Dr. Bart De Spiegeleer     Steven Janvier 
Faculty of Pharmaceutical Scienses 
University of Ghent 
 
 
 
 
 
Dr. Eric Deconinck 
Medicines and Health Products 
Sciensano 
  



  



 

 

 

 

 

 

 

 

 

 

 

 

 

Board of Examiners 

 

Prof. Dieter Deforce (president) 
Faculty of Pharmaceutical Sciences, UGhent 

 

Prof. Filip De Vos 
Faculty of Pharmaceutical Sciences, UGhent 
 

Prof. Ann Van Schepdael 
Faculty of Pharmaceutical Sciences, KULeuven 

 

Dr. Evelien Wynendaele 
Faculty of Pharmaceutical Sciences, UGhent 

 

Dr. Ann Packeu 
Service Mycology en aerobiology, Sciensano 

 

Dr. Michael Wierer 
Medicines Division, EDQM 

  



 



i 
 

 

 

 

 

 

 

 

Progress is impossible without change, 

 and those who cannot change their minds cannot change 

anything. 

~ George Bernard Shaw ~ 

  



ii 
 

 

  



iii 
 

 

Acknowledgments 

 

For the last four years, I had the honor to work on a research project which covered 

multiple analytical techniques and allowed me to interact with numerous people, which 

taught me a lot, both on a professional as on a personal level. 

 

Hence, first of all, I would like to extend my gratitude to my three promoters Bart, Eric 

and Celine for the possibility of performing a PhD under their supervision. As you can 

imagine, having three bosses is an opportunity as it as a source of frustration. In my 

case, the former was more applicable than the latter. Moreover, I would like to thank 

all three for the guidance, patience, gentle pressure (to become a better scientist and 

writer) and passion they displayed to support me to finalize this project. What I will 

always remember is the patience and diligence of Eric, the passion for science of Bart 

and the knowledge and logical reasoning of Celine. 

 

Secondly, I would like to thank the members of my scientific advisory committee 

(Patricia Courselle, Evelien Wynendaele, Ann Packeu en Koen de Cremer) for their 

constructive comments and support during these four years. 

 

My research project would off course not be a valuable project without the required 

analytical work in the lab. Since my thesis covered a wide range of analytical techniques, 

I have to thank quite a few people. Foremost, I would like to thank Karlien Cheyns for 

her work with the ICP-MS. Credits for the development and validation of the method 

goes uniquely to her, since my contribution to this part was quite minimal. Additionally, 

I would like to thank Séverine and Els for the help with the Synapt, Willy for the technical 



iv 
 

assistance with the UPLC, Michael for the help with the GC-MS and HS-GC-MS. 

Regarding the part of the biological work, I would like to thank Birgit, Elke, Nadine, Jolien, 

Roel, Antoine and Melissa for their help, technical assistance and aiding me to find my 

way in their laboratories. I also would like to thank Goedele for her support in the lab 

during these four years and for the help and incentive to work in compliance with the 

respective quality systems. Although I didn’t perform any laboratory activities in the lab 

in Ghent, I have to thank both Bart and Evelien Wynendaele for their help during the 

experiments, support and writing and answering my (probably stupid) questions. I also 

had the privilege to guide two masterstudents (Evelien and Elisa). Thank you both for 

the help, joyful time and gained experience in the lab. 

 

During those four years, I rarely had a day that I didn’t feel like going to work when I 

knew I was going to be in the lab. Partly, this was due to the people present in our lab. 

Bart, Angelique, Celine, Antoine, Willy, Peggy, Jean-Luc, Michaël, Nora, Patricia, Deborah, 

Sebastien, Peter, Carine, Jill, Melissa and Goedele. I wish I could say I enjoyed every 

second of it, but unfortunately, as previously implicitly mentioned I also had to write a 

thesis and four articles .  

 

In the previous paragraph I didn’t mention my two partners in crime at the laboratory 

named Sophia and Ninja (aka Yaxin), of which I had the ‘privilege’ of sharing the office. 

Since I can write so much about you two, I will confine it and randomly put a few words 

or statements that will always remind me of you two: life is difficult, I’m fine, tomato, 

eggs, ah fijn, reverse psychology, béyonce, triple karmeliet, chocolate, blond girl, 

handdoek, teeth, article, convenient, trut, hodverdomme. Anyways, thanks for the 

support and joyful time. Sophia, I couldn’t have done it without you. Yaxin, its’s (almost) 

always convenient.  



v 
 

Luckily, I often had some distractions from the confusion and vigor in the office named 

PhD, Angélique, Antoine, Melissa, Bart, Celine, Sebastien, Jean-François and Eric which 

allowed me to keep my sanity. Thanks for that. Now I’ m at the end of my page, I would 

like to come back to three persons who really meant a lot to me and my work. 

Eric, your patience, open-mind and support meant a lot to me. I could discuss everything 

with you and despite your workload as service head, your door was always open if I had 

any questions or worries. 

Séverine, although you were not officially involved in the project and your practical work 

was limited to reviewing my endless drafts and the help with the Synapt, your positive 

vibe and mentoring were a joy. Thank you, for the talks and opportunities you gave me 

or showed me. 

Celine, I cannot put into words what you meant for this PhD and to me personally, I 

genuinely admire your wide knowledge, reasoning and emotional intelligence. In my 

entire (still young) life, I have never encountered anyone which that many talents and 

skills, in combination with a positive and constructive attitude. Thank you for this 

amazing experience. Incroyable!!!! 

Finally, I would like to thank my jury members (Dieter Deforce, Ann Van Schepdael, Ann 

Packeu, Michael Wierer, Filip De Vos and Evelien Wynendaele) for the time and efforts 

to push my work to a higher level and my family and friends for their support. 

 

I wish you all a good health and lots of joy. Live long and prosper!!! 

 

Yours truly, Junior 

  



vi 
 

  



vii 
 

 

Scientific acknowledgments 

 

Chapter 1: Falsified medical products 

 Writing: Steven Janvier 

 Reviewing: Eric Deconinck, Celine Vanhee, Bart De Spiegeleer 

Chapter 2: Falsified peptide and protein medicines 

 Writing: Steven Janvier 

 Reviewing: Eric Deconinck, Celine Vanhee, Wouter Houthoofd, Bart De 

 Spiegeleer 

Chapter 3: Aims 

 Writing: Steven Janvier 

 Reviewing: Eric Deconinck, Celine Vanhee, Bart De Spiegeleer 

Chapter 4: Outline 

 Writing: Steven Janvier 

 Reviewing: Eric Deconinck, Celine Vanhee, Bart De Spiegeleer 

Chapter 5: Analysis of falsified peptide drugs via HILIC-DAD-MSn 

 Design: Steven Janvier, Eric Deconink, Celine Vanhee, Bart De Spiegeleer 

 Experimental work: Steven Janvier, Evelien De Sutter 

 Data analysis: Steven Janvier, 

 Writing: Steven Janvier 

 Reviewing: Eric Deconinck, Celine Vanhee, Bart De Spiegeleer 

  



viii 
 

Chapter 6: Impurity profiling of falsified peptides 

 Design: Steven Janvier, Eric Deconinck, Celine Vanhee, Bart De Spiegeleer 

 Experimental work: Steven Janvier, Karlien Cheyns, Michael Canfyn, 

  Séverine Goscinny 

 Data analysis: Steven Janvier, Karlien Cheyns 

 Writing: Steven Janvier, Karlien Cheyns 

 Reviewing: Eric Deconinck, Celine Vanhee, Bart De Spiegeleer, Karlien 

 Cheyns, Séverine Goscinny 

 

Chapter 7: Sterility testing of falsified peptide and protein drugs 

 Design: Celine Vanhee, Nadine Botteldoorn, Steven Janvier 

 Experimental work: Steven Janvier, Celine Vanhee, Elke Watijn 

 Data analysis: Steven Janvier, Celine Vanhee, Nadine Botteldoorn 

 Writing: Steven Janvier, Celine Vanhee 

 Reviewing: Eric Deconinck, Bart De Spiegeleer, Nadine Botteldoorn,  

 Celine Vanhee 

Chapter 8: Conclusion and Summary 

 Writing: Steven Janvier 

 Reviewing: Eric Deconinck, Celine Vanhee, Bart De Spiegeleer 

Chapter 9: Broader international context, relevance and future perspectives  

 Writing: Steven Janvier 

 Reviewing: Eric Deconinck, Celine Vanhee, Bart De Spiegeleer 

 

Special thanks for Koen de Cremer, Willy van de Wauw, Angelique Kamugisha, 

Melissa Vanhamme en Roel Anthonissen for the technical assistance. Additionally, I 

would like to thank Bart Desmedt for the nice in-house made cover picture. 

  



ix 
 

 

List of abbreviations and symbols 

 

 

∆ delta (diference) 

2D-PAGE two dimensional polyacrylamide gel electrophoresis 

AA amino acid 

Ab antibody 

AB arsenobetaïn 

Ac acetyl 

ACN acetonitrile 

AFC affinity chromatography 

Aib amino butyric acid 

API active pharmaceutical ingredient 

As arsenic (element) 

As symmetry factor (chromatography) 

Asi inorganic arsenic 

ATR-IR attenuated total reflection-infra red spectroscopy 

AUC area under the curve 

BEH ethylene bridged hybrid 

BHT butylhydroxytoluene 

Boc tert-butyloxycarbonyl protecting group 

BTS bacterial test standard 

CD circular dichroism 

cDNA coding desoxyribonucleic acid 

CE capillary electrophoresis 

CFU colony forming units 



x 
 

CHO chines hamster ovary 

CID collision induced dissociation 

CRF chromatographical response function 

CRM certified reference material 

CSH charged surface hybrid 

d diameter 

Da dalton 

DAD diode array detector 

DCC N,N'-dicyclohexylcarbodiimide 

DF dilution factor 

DIC N,N′-diisopropylcarbodiimide 

DMA dimethylarsinate 

DTT dithiothreitol 

ECD electron capture dissociation 

EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

EDQM european directorate for the quality of medicines 

ELISA enzyme-linked immunosorbent assay 

EPO erythropoeitin 

ESI electrospray ionization 

Et ethyl group 

ETD electron transfer dissociation 

EU/ml endotoxins units per ml 

eV electron Volt (Unit) 

FA formic acid 

FAHMP federal agency for medicines and health products 

FDA food and drug administration (USA) 

FGF-1 fibroblast growth factor 1 

Fmoc fuorenylmethyloxycarbonyl protecting group 

FSMS full scan mass spectrometer 

FT-ICR fourier transform ion cyclotron resonance 



xi 
 

g gravitational force 

GC gas chromatography 

GEON general european OMCL network 

GHRP growth hormone releasing peptide 

GRAS generally recognized as safe 

GSMS global surveillance and monitoring system 

h hour 

HCD higher-energy collisional dissociation 

hCG human chorionic gonadotropin 

HCP host cell proteins 

HF hydrogen fluoride 

hGH human growth hormone 

hGH-RH human growth hormone-releasing hormone 

HIC hydrophobic interaction chromatography 

HILIC hydrophilic liquid interaction chromatography 

HOAt 1-hydroxy-7-azabenzotriazole 

HOBt hydroxybenzotriazole 

HPAEC-IPAD high performance anion exchange chromatography  

with integrated pulsed amperometric detection 

HPLC high performance liquid chromatography 

HRMS high resolution mass spectrometer 

HS-GC-MS headspace-gas chromatography couple to a mass spectrometer 

IAA iodoacetamide 

ICH international conference on harmonisation  

ICP-MS inductively coupled plasma mass spectrometry 

IEC ion-exchange chromatography 

IEF isoelectrofocusing 

IGF-I insulin growth factor I 

IP identifcation point 

IPTG isopropyl β-D-1-thiogalactopyranoside 



xii 
 

IR infrared 

IU international units 

Ki equilibrium constant 

LAL limulus amebocyte lysate 

LC-IT-MS liquid chromatography couple to an ion trap mass spectrometer 

LOD limit of detection 

LOQ limit of quantification 

m/z mass/charge ration 

MA methylarsonate 

mAb monoclonal antibody 

MALDI matrix assisted laser desorption/ionisation 

MALDI-TOF/TOF matrix assisted laser desorption/ionisation -  

tandem time of flight mass spectrometry 

MAT monocyte activation test 

MeOH methanol 

MGF mechano growth factor 

min minutes 

mRNA messenger ribonucleic acid 

MS mass spectrometry 

MS/MS tandem mass spectrometry (in time or place) 

Nal naphtaline 

nanoLC nano liquid chromatography 

NIST national institute for standard and technology 

Nle norleucine 

NMR nuclear magnetic resonance 

OMCL official medicines control laboratories 

Oxyma ethyl (hydroxyimino)cyanoacetate 

Pb lead 

PBS phosphate buffer saline 

PC peak capacity 



xiii 
 

PCR polymerase chain reaction 

PEG polyethylene glycol 

Ph.Eur. European pharmacopeia 

ppb parts per billion 

PSI pharmaceutical security institute 

PTM post translational modification 

Pyr pyroglutamic acid 

QTRAP triple quad mass spectrometer with a linear ion trap 

r regression coefficient 

ROS reactive oxygen species 

RPLC reversed phase liquid chromatography 

RPT rabbit pyrogen test 

Rs resolution (chromatography) 

RSD relative standard deviation 

S/N signal to noise ration 

SAXS small angle X-ray scattering 

SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis 

SEC size exlcusion chromatography 

SF-medical products substandard and falsified medical products 

SIM single ion monitoring 

SDL screening detection limit 

SPPS solid phase peptide synthesis 

SRM Selective reaction monitoring 

SSFFC substandard/spurious/falsely-labelled/falsified/counterfeit 

t-Bu tert-butyl 

TFA trifluoroacetic acid 

tg gradient time (min) 

THF tetrahydrofuran 

TIC total ion chromatogram 

TOC total organic carbon 



xiv 
 

TOF time of flight mass spectrometry 

tr retention time 

tr,p retention time of last eluting peptide 

TRIPS trade-related aspects of intellectual property rights 

TSA trypticase soy agar 

UHPLC ultra-high performance liquid chromatography 

USD US dollar 

UV ultraviolet spectroscopy 

V volt (unit) 

w0.05 peak width at one-twentieth of the peak height 

WADA world anti-doping agency 

wh peak width at half height 

WHO world health organization 

XRD X-ray diffraction 

Z carbobenzoxy group 

λ wavelength (nm) 

ρ resistivity 
  

  

  



xv 
 

 

Table of contents 

 

Part I: Introduction 

 

Chapter 1: Falsified medical products      3 

Abstract         4 

1. Definition         7 

2. Adverse consequences        10 

3. Extent of the problem        11 

4. From lifestyle drugs to essential medicines and blockbuster oncology biologicals 16 

5. Detection, prevention and countermeasures: a global response   17 

 

Chapter 2: Falsified peptide and protein drugs, current dangers and/or future disaster 25 

Abstract         26 

1. Peptide and protein drugs: Historical background and current state   29 

2. Synthesis of peptide and protein drugs      31 

3. Quality characteristics of peptide and protein drugs    38 

4. Characterization of falsified peptide and protein drugs    42 

5. Summary of case-reports regarding falsified peptide and protein drugs  60 

 

Reference list         75 

 

 

Part II: Aims and outline 

 

Chapter 3: Aims         103 

Chapter 4: Outline        107 

 



xvi 
 

 

Part III: Results and discussion 

 

Chapter 5: Analysis of falsified peptide drugs via HILIC-DAD-MSn   113 

Abstract         114 

1. Introduction         115 

2. Material and methods        117 

3. Results and discussion        127 

4. Conclusion         144 

Supplemental data        146 

 

Chapter 6: Impurity profiling of falsified peptides     149 

Abstract         150 

1. Introduction         151 

2. Material and methods        154 

3. Results         167 

4. Discussion         188 

5. Conclusion         194 

Supplemental data        196 

 

Chapter 7: Sterility testing of falsified peptide and protein drugs   199 

Abstract         200 

1. Introduction         201 

2. Material and methods        203 

3. Results and discussion        207 

4. Conclusion         211 

 

Reference list         213 

 

  



xvii 
 

 

Part IV: Conclusion, relevance and future perspectives 

 

Chapter 8: Conclusion and summary      227 

 

Chapter 9: Broader international context, relevance and future perspectives  235 

1. Broader international context, relevance      235 

2. Future perspectives        238 

 

Reference list         243 

 

 

Conclusie en samenvatting       249 

 

 

Curriculum Vitae         259 

  



xviii 
 

  



xix 
 

 

 

 

 

 

 

 

Start by doing what's necessary; then do what's possible;  

and suddenly you are doing the impossible. 

~ Francis of Assisi ~ 

  



xx 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

PART I: INTRODUCTION 
 



 

 

 

  



  Part I: Introduction 

 

3 

 

 

 

 

 

 

CHAPTER 1: FALSIFIED MEDICAL 

PRODUCTS 
 

 

 

 

 

 

 

 

 

 

 

 

  



Part I: Introduction 

 

4 

 

 

 

 

 

 

 

 

Abstract 

Falsified medical products are defined by the world health organization as medical 

products that deliberately misrepresent their identity, composition and/or source. 

Since they are generally produced outside the vital quality assurance systems, they 

pose a serious threat for public health. Since the 1980’s reports of medical product 

containing no or the wrong active pharmaceutical ingredient, a wrong dosage or even 

hazardous chemical and/or biological contaminants have become routine. Moreover, 

these illegal preparations, ranging from low cost pharmaceuticals to expensive and 

innovative oncology drugs, are proliferating across the globe. Particularly in places 

with (temporary) drug shortages or an illicit (online) market for 

unapproved/unauthorized drugs, limited technical/financial means and inadequate 

governmental oversight, falsified medical products thrive. Consequentially, the 

estimated human cost ranges up to 1 000 000 lives lost annually. Evidently, national 

and international regulatory agencies have implemented measures to curtail the 

proliferation of these illegal drugs. In this chapter, a brief overview is provided 

regarding falsified medical products in general. Specifically, the definitions employed, 

consequences and extent of the issue and measures taken by national and 

international agencies are discussed.  
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Chapter 1: Falsified medical products 

 

 

 

 

 

 

 

 

 

 

The phenomenon of counterfeit/falsified/illegal drugs has grown into a global threat 

since it was first brought to the attention of the wider public in 1985 at the World 

Health Organization (WHO) conference of Experts on Rational Drug Use in Nairobi, 

Kenya [1]. Today, the WHO and Federal Drug Administration (FDA) estimate the total 

worth of the ‘counterfeit’ pharmaceuticals market, encompassing nowadays 

unapproved /unauthorized medical products and low cost essential medicines (e.g., 

antibiotics, antimalarials) as well as high cost innovative medicines (e.g., 

immunotherapy drugs), between 70 and 200 billion US dollar (USD) [2–4]. Evidently, 

these uncontrolled and often toxic preparations have resulted in a multitude of reports 

describing adverse clinical effects and deadly outcomes [4–7]. 
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A textbook example of the global extent, clinical implications and global actions that 

are required to curtail the spread and implications of these illegal preparations was 

described by the WHO in the case of contaminated cough syrup [4]. In 2013, 44 

children were admitted, within a short time period, to different hospitals in Paraguay  

with severe dyspnea. Healthcare workers could not immediately pinpoint the cause of 

the outbreak. A common denominator in all patients however, was the development 

of these symptoms after the administration of a cough syrup to treat a common cold. 

The notified WHO recognized distinct similarities with an earlier case concerning 

contaminated cough syrups. This earlier case resulted in the death of 60 adults in 

Pakistan. Indeed, after comparing batch numbers, the active pharmaceutical 

ingredient (API) of the cough syrups in Paraguay were found to originate from the same 

supplier as the contaminated cough syrups from Pakistan. In the earlier Pakistani case, 

the cough syrup(s) originated from local producers, which had recently changed to a 

cheaper supplier of the API (dextromethorphan) in India. After initial analytical test at 

local laboratories were confusing and inconclusive, a more thorough analysis of the 

active substance in the UK resulted in the detection of contaminations up to 22% with 

the opioid analgesic levomethorphan. Latter substance, an isomer of the active 

substance, is five times more potent than morphine. Due to the swift reaction of the 

national regulatory agencies and coordination of the WHO, the doctors in Paraguay 

were able to treat the 44 children in time with the antidote, and so prevented a deadly 

outcome.  

After the Paraguay incident, the WHO reacted with a more thorough global search and 

issued a second alert with all batch numbers of possibly contaminated batches, to 

prevent further harm to public health. Several batches were namely exported to 

Europe, north-Africa, the Middle-East and Latin America. The batches exported to the 

Middle-East were however never located [4]. 
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Although this is only one of numerous case-reports, it clearly demonstrates the 

potential adverse outcomes of substandard and falsified medical products. In addition, 

it represents a perfect example of the need for global cooperation, the importance of 

the traceability of pharmaceutical products and the availability of potent (accredited) 

laboratories to elucidate the content of these preparations, next to the vigilance of 

regulatory agencies and the required diligence of pharmaceutical companies to 

counter the trade of illegal medicines. 

1. Definition 

Although, the falsification of pharmaceutical preparations is a crime going back to the 

middle ages and beyond, the exact definition of a counterfeit/falsified/illegal 

pharmaceutical products is not always straightforward. In the case described above, 

the cough syrups can likely be categorized as sub-standard, as in not complying to the 

required quality standards. In the worst case, the pharmaceutical companies involved, 

could be hold accountable for negligence, due to the lack of required quality controls. 

However, if the pharmaceutical companies were aware of the contaminations, and still 

marketed the cough syrups as genuine medicines, thus fraudulently misrepresent the 

content, they could be charged for counterfeiting/falsifying of medicines. Evidently, 

the latter crime is hard to proof. 

 In addition, countries often used different terms to describe falsified medical products 

(e.g., counterfeit, spurious, falsely-labelled, falsified). Therefore, in order to 

accommodate the differences between semantics of member states and domestic 

legislations, the WHO introduced in 2012, the umbrella term ‘SSFFC-medicinal 

products’ or substandard, spurious, falsely labelled, falsified and counterfeit medical 

products, since WHO member states were unable to come to terms on a universal 

definition in the past [8]. 
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The different semantics however, were not mutually exclusive or relate to different 

issues. For instance, spurious, falsely labelled, falsified and counterfeit medical 

products can be regarded as substandard per definition, but inversely this statement 

doesn’t necessarily hold. Furthermore, the term counterfeit is often associated with 

infringements of intellectual property rights and does not necessarily relate to the 

safety and efficacy of the product. 

 

To avoid ambiguity, the WHO introduced the new definition ‘substandard and falsified 

medical products’ or ‘SF medical products’ in May 2017, which encloses three 

mutually exclusive classes namely, substandard medical products, 

unregistered/unlicensed medical products and falsified medical products (see Figure 

1).  

 

 

Figure 1 : Classification table of the umbrella term SF medical products with the three mutually 
exclusive classes substandard medical products, unregistered/unlicensed medical products and 
falsified medical products.  
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In this definition, falsified medical products are unambiguously defined as medical 

products that deliberately/fraudulently misrepresent their identity, composition or 

source [9]. The emphasis is laid, in this definition, on the adverb 

deliberately/fraudulently which sets falsified medical products apart from the two 

other categories. Moreover, when authorized manufacturers deliberately fail to meet 

quality standards or specifications due to misrepresentations of identity, composition 

or source the medical products are also considered to be falsified. 

 

Concretely, deliberate/fraudulent misrepresentations refer to any substitution, 

adulteration or reproduction of an authorized medical product or the manufacture of 

a medical product that is not an authorized product. The term ‘identity’ refers to the 

name, labelling or packaging or to documents that support the authenticity of an 

authorized medical product. ‘Composition’ refers to any ingredient or component of 

the medical product in accordance with applicable specifications 

authorized/recognized by national or regional regulatory agencies while the term 

‘source’ refers to the identification, including name and address, of the marketing 

authorization holder, manufacturer, importer, exporter, distributor or retailer, as 

applicable. 

 

Medical products are however not deemed to be falsified merely on grounds of their 

distribution in regions or member states where they are not licensed or authorized. 

Only in the context of the deliberate/fraudulent misrepresentation of a medical 

product, is the manufacture or distribution of an unauthorized medical product 

(regardless of the status of approval in the country of origin) classified as a falsification. 

In addition, infractions on intellectual property rights fall under the definitions outlined 

in the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) and 

are not included in this definition.  
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Since this manuscript focuses on falsified medical products, we will use the term 

falsified medical products instead of SF medical products throughout this document to 

avoid confusion with substandard medicines, when applicable. 

2. Adverse consequences 

The proliferation of these falsified products is a major issue for public health as well as 

for pharmaceutical companies. For the latter, they are primarily a matter of concern 

in terms of economic losses, due to unfair competition, infringements on intellectual 

property rights and the high costs of safeguarding supply chains. Hence, falsified 

medical products are a considerable burden for a sector already characterised by its 

high research and development budgets and the high costs to bring a medicinal 

product on the market [5,10–12]. Today, the average total cost to bring a new 

(biotechnology) drug on the market is estimated to be around 2 to 3 billion USD [13]. 

Ultimately, the expenses made by the sector to curtail falsified medicines add up to 

the price of these medicines. 

 

The most important implication however is the human cost due to the increased 

morbidity and mortality reported with the use of falsified medical products. Since 

these medical products are produced outside of the legally required quality systems, 

users have namely no guarantee regarding the drug’s efficacy and safety [5–7,11]. 

Falsified medical products often contain no API, the wrong API or a wrong dosage (too 

high or too low). Indeed, sometimes essential medicines such as anti-malaria drugs 

and anti-cancer monoclonal antibodies (mAb) have been found to contain no API, but 

only bulk biochemicals such as starch, sugar or chalk [10,14]. Other dangers reside in 

the fact that most of these falsified medical products are often produced under 

inadequate conditions and/or by personnel without the appropriate qualifications, 
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adding up to risks of drug related impurities or chemical and biological contaminations 

[5,15].  

 

Indirect threats due to the traffic of falsified medical products are the undermining of 

public confidence in therapies and health workers, and the development of 

antimicrobial resistance due to ineffective medicines. Furthermore, since the 

production and trade of falsified medical products is a lucrative business (even 

compared to the trafficking of narcotic or psychotropic substances), professional 

criminal networks are suspected to be involved in the illegal trade of falsified medical 

products. It stands to reason that the funds raised by these grievous practices could 

end up supporting other clandestine activities such as terrorism [4,5]. 

3. Extent of the problem 

In short, although falsified medical products can proliferate nowadays anywhere, they 

are expected to thrive in regions where there is a shortage of supply or a black market 

for unauthorized medical products, poor governance or unethical practices in the 

public and private sector, and limited technical capacity and/or inadequate quality 

controls or good distribution practices. 

Official estimates of the global annual death toll due to falsified medical products 

range from 200 000 to up to one million [11,16]. Particularly in parts of Africa, Asia and 

Latin America falsified medical products are rampant due to the lack of assets to 

counter these practices, the high prices of legal medical products and (temporary) 

shortages of essential medicines. Traditionally, Africa (and some parts of Asia) are 

often mentioned with regard to falsified first line medical products (e.g., anti-malarial 

drugs, antibiotics and vaccines). For example, some estimations go as high as an annual 

loss of 116 000 lives in sub-Saharan Africa alone due to falsified anti-malarial drugs 

which contain limited or no API [17]. In recent years however, falsified medical 
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products have also become a lucrative business in Latin America [18]. Trafficking in 

medicines is namely 10 to 25 times more profitable than narcotics and subjected to 

relatively less severe penalties [19]. 

Although the extent of this type of global problem is far smaller in the developed 

world, multiple reports in the literature demonstrate, that also in more developed 

countries significant counterfeit drug markets are present. In 2009, customs in Europe 

seized 34 million falsified medical products in only two months, while a study 

sponsored by Pfizer in 14 European countries estimated the falsified medical products 

market to be 10.5 billion euros a year [12,20]. Moreover, also in the developed world, 

these preparations have taken a deadly toll. In 2008, 81 people lost their live in the 

USA due to contaminated heparin in a global crisis which took another 68 lives in 

eleven other countries [21,22]. While in another case, also in 2008, 150 people in 

Singapore were admitted in hospitals due to severe hypoglycaemia after the 

administration of a falsified erectile dysfunction drug, which contained high amounts 

of the anti-diabetic drug Glyburide. The incident led to the death of four people while 

seven others suffered severe brain damage [23,24].  

 

Although most of the above mentioned numbers are only snapshots, they give an idea 

of the extent of the problem and the potential adverse effects on global public health. 

The accurate quantification of the number of SF-medical products in circulation and 

the impact on public health and socio-economic systems remains challenging. Not all 

consumers of falsified medical products are, or become aware of the fact that they are 

using falsified medical products. Adverse reactions are not always present or linked to 

falsified medical products, while the consequential correlation of (partial) failure of 

treatments with the absence of an API or an incorrect dosage is evidently not always 

unambiguous. In certain cases, purveyors are also able to mimic the packaging of 

genuine medicines to extreme resemblance. A textbook example of the intricacy 

healthcare workers, regulatory agencies and customs face when counteracting these 
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grievous practices, was described by Qureshi et al. with the adulterations (falsely 

labelling with a higher activity) of erythropoietin vials [25]. Only two clinical cases were 

clearly described in the case of the up to 110 000 suspected falsified vials of 

Erythropoietin in the USA. In both cases, the health care workers only detected the 

falsified preparations after receiving a warning letter of the manufacturer. In one of 

the two cases, the lot number of the respective falsified product did not match any of 

the lot numbers mentioned in the warning letter. The healthcare worker however 

discovered the falsification due to a missing degree symbol. In addition, the multiple 

definitions used (in the past) to describe falsified medical products and different 

formats used by regulatory bodies for the collection of quantitative (and qualitative) 

data, resulted in quite scarce reliable data. 

 

As a consequence, the WHO revoked in 2013 all their previous estimates, and launched 

the global surveillance and monitoring system (GSMS) [4,26]. The system invites 

member states to report SF-medical products in a standard format, provides a means 

for communication between member states and allows for the development and 

maintenance of a global database on SF medical products. To this end, it trains and 

supports a network of focal points within national and regional regulatory agencies 

who report national incidents to regional and global partners and to the GSMS. 

Furthermore, the focal point functions as information source for its respective regional 

or national regulatory agency.  

The results of the training and supporting of focal points throughout the globe resulted 

in an increased awareness and reporting level (see Figure 2). Accordingly, with the 

increase of vigilance and systematic reporting an increasing amount of reports of SF 

medical products were added to the global database. 
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Figure 2: Quantitative data of the GSMS network with the cumulative number of focal points 
trained (dotted blue line, right scale) and of reported suspected SF medicinal products (continuous 

orange line, left scale) obtained from pilot phase to 2017 [4]. 

In turn, the GSMS database provides a more accurate view of the global extent of the 

problem (see Figure 3), showing that both highly developed countries as well as low 

income developing countries are affected. Countries not marked in the Figure 3 cannot 

be excluded as unaffected by SF-medical products. Possibly, these countries do not 

specifically scour for SF medical products, or do not report or know how to report to 

the GSMS network. 
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Figure 3:Global view of the countries in which SF medical products were detected and reported to 
the GSMS network of the WHO between 2013 and 2017 [4]. 

 

A strong undeniable contributing factor to this problem is the rise in (rogue) internet 

pharmacies, which allow customers to acquire fast and anonymously (legal or illegal) 

medical products [5,7,27,28]. It stands to reason, that the trade of drugs via the 

internet creates an ideal platform where counterfeiters can market and sell their 

products, ranging from falsified versions of lifestyle drugs (e.g. Cialis) and essential 

medicines (e.g., anti-retrovirals, anti-cancer antibodies) to drugs still undergoing 

clinical trials or unauthorized designer drugs. An often cited (but also disputed) 

estimation of the WHO mentions that 50% of all internet pharmacies concealing their 

physical address are suspected to sell falsified medical products [10,11]. It is a 

relatively safe presumption, despite the inherent difficulties to apprehend the 

magnitude of the illegal online trade of falsified medical products, that the illegal trade 



Part I: Introduction 

 

16 

of falsified medical products via rogue online pharmacies will remain an important 

gateway for illicit purveyors in the future. 

 For example, the (legal) trade of drugs via the internet resulted in a global turnover of 

29.35 billion USD in 2014, with an expected growth to 128.02 billion USD in 2023 [29], 

illustrating the potential of illegal trade of falsified medical products via the internet. 

More so, since there is no international body overseeing the (indexed) internet. 

4. From lifestyle drugs to essential medicines and blockbuster 

oncology biologicals 

Traditionally, falsified medical products in developed countries encompassed mainly 

lifestyle drugs such as erectile dysfunction drugs (e.g., PDE5 inhibitors) and image-or 

performance enhancers (e.g., cosmetics and doping related substances) [7,17,30–32]. 

In contrast, the examples of falsified essential medical products such as anti-malaria 

drugs, antibiotics and vaccines in low and middle-income countries are beyond 

number [11,12,33–35].  

Nowadays, although in general these trends still hold true, also falsified lifesaving 

medicinal products have been found in developed countries [6,14,25]. Next to the 

penetration of falsified essential medical products in supply lines, multiple types of 

medication such as prescription drugs can easily be bought online from illegal internet 

pharmacies. In addition, recent reports demonstrate that all types of medical products 

are prone to falsifications ranging from image-enhancing life style drugs, to essential 

antibiotics and even complex anti-cancer medicines [25,36]. The medical products 

falsified contain the entire scope, from low cost generic drugs to high end innovative 

drugs. Hence, illicit purveyors of falsified medical products are therefore suspected to 

not solely target low cost drugs but also to be driven by demand. Moreover, recently 

in 2017 falsification of an advanced monoclonal antibody (mAb) was detected in 
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West-Africa, ultimately demonstrating that virtually any type of drug may be targeted 

by counterfeiters and appear in any specific region [37].  

Another type of falsified medical products are the unauthorized/unapproved drugs or 

drugs which haven’t been admitted or successfully completed the necessary clinical 

trials. In some cases, designer drugs and research drugs, which even have no track 

record of their (claimed) activity or safety, have been reported in seizures by regulatory 

agencies. In most cases, these drugs are marketed under false pretence regarding their 

activity and safety [30,38,39]. For instance, with regard to the anti-aging hoax, multiple 

pre-clinical drugs are marketed as image-enhancer or falsified versions of genuine 

medicines (e.g., human growth hormone (hGH)) are promoted for their distorted off-

label usage as image-enhancer [39–44]. 

 

5. Detection, prevention and countermeasures: a global response 

To tackle these grievous practices, efforts are made on multiple levels regarding the 

sale of falsified medical products via rogue online pharmacies and the penetration of 

these illegal products in legal supply chains [4,14,28,36,45–47]. Both the trade of 

falsified medical products via the internet and the penetration of these harmful 

products in legal supply lines have a global characteristic. Often falsified medical 

products are manufactured in low to middle-income countries and shipped to high-

income countries [10]. Most of the illicit rogue internet pharmacies however, conceal 

their address or mention false physical addresses. Correspondingly, since the (legal) 

supply lines of today’s medical product expand over multiple nations, the protection 

of these supply lines requires the cooperation and coordination between multiple 

nations. The origin of a medical product is namely not necessarily the origin of the 

API(s) or possible excipients, and may be distributed to multiple countries before it 

reaches its final destination. This complex supply chain, inherently has multiple points 
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which criminals may exploit to introduce their falsified medical products (see Figure 4) 

[36]. 

 

Figure 4: Supply chain of legal medical products and possible connections with the illegal supply 
chain. Possible gateways are (A) falsify genuine medical products through theft and diversion; (B) 
insert substandard and falsified raw materials; (C) insert falsified medical products at the level of 
distribution and at the level of health-care professionals; (D) collect authentic product parts for 
falsifications purposes; and (E) sell falsified medical products directly to patients [36]. 

 

Moreover, finished medical products (often) pass through multiple stations (e.g., 

wholesalers, multiple retailers) before arriving at the point of destination, increasing 

the complexity of the supply chain. Evidently, safeguarding supply lines gets 

increasingly more laborious and complex with the number of cooperation’s involved. 

As was demonstrated in the case of falsified Avastin in the USA [14] (see Figure 5). 

Briefly, falsified versions of the oncology drug bevacizumab (active product of Avastin) 

were delivered in doctors’ offices and medical clinics after passing through multiple 

stations in multiple countries. The complex transnational import pathway allowed for 

the introduction of the fake oncology drugs from the so-called ‘grey market’ or parallel 

illegal supply chain into the legitimate supply chain. Mainly created by drug shortages, 

parallel drug markets are an ideal platform for illicit purveyors to introduce falsified 

medical products (including stolen medical products or adulterations of stolen medical 
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products) [25,48–50]. Often these products are offered at lower prices making them 

attractive for traders or at high prices for drugs subject to supply shortages. 

 

 

Figure 5: Geographical representation of the supply chain of falsified Avastin demonstrating the 
complexity of safeguarding global supply lines[4]. 

 

It stands to reason that international organizations such as the WHO, the primary 

international public health agency, and Interpol have a prominent role in the stand 

against this global threat. The main task of the WHO is to surveil and gather data on a 

global level (GSMS network), to raise awareness, coordinate between member states 

(issue warnings and manage international crises) and manage scientific research on 

the topic. Correspondingly, Interpol is responsible for law enforcement operations to 

counter transnational criminal networks involved in pharmaceutical crime both at the 

level of physical outlets and internet suppliers [4,26,28]. An example of such field 

operations is operation Pangea. This global operation, first introduced in 2008 with 

only ten countries participating but nowadays the largest of its kind, aims to disrupt 

the trade of illicit medical products via the internet. One of the main findings, after ten 

years of operation Pangea, is that the online sale of illicit medicines is an ongoing, and 
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ever increasing challenge for law enforcement and regulatory authorities [51]. The 

latest operation Pangea X, performed from 12 to 19 September 2017 demonstrated 

the continuous growth of unauthorized and unregulated online pharmacies in the 

developed world as in less developed regions (e.g., Africa). In total, 123 countries and 

197 police, customs and health regulatory agencies participated, which resulted in the 

confiscation of 25 million illicit and falsified medicines with an estimated value of 51 

million USD. Furthermore, 3584 illicit websites were taken offline and more than 3000 

online adverts were suspended. In the aftermath, 1058 investigations were opened 

and 400 arrests were made worldwide. 

 

On a European level, the curtailing of falsified medical products is an important aspect 

of the European directorate for the quality of medicines & healthcare (EDQM) in their 

mission to contribute to the basic human right of access to good quality medicines and 

healthcare. To attain this objective, focus lies on the promotion of the cooperation 

between national and international agencies. Specific examples are the organization 

of technical workshops and outlining guidelines regarding the analysis of falsified 

medical products, the organization of a comprehensive database (Know-X) on 

individual cases of falsified medical products and the coordination between the official 

medicines control laboratories (OMCL) via the General European OMCL network 

(GEON) [53]. OMCL laboratories namely also analyze the authenticity and quality of 

falsified medical products on behalf of regulatory agencies, customs police, courts and 

forensic laboratories, next to the traditional market surveillance of genuine medicines. 

Hereto, the GEON network provides the means to exchange of information and 

technical knowhow for the analysis of the authenticity and quality of falsified medical 

products by OMCLs [54]. 
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Both the WHO and Interpol however provide no basis for the criminalization of acts 

performed during manufacture, trade and advertising of falsified medical products. 

The only international legal framework providing this possibility is the European 

MEDICRIME convention of the council of Europe, which is open for European member 

states as non-member states (e.g., Guinea). Next to the criminalization of these acts, 

the convention aims to protect the rights of victims of the offences established under 

the convention and to promote national and international cooperation. As of June 

2018, 28 countries have signed the convention, from which 15 still have to ratify the 

treaty [55,56].  

 

Other regulatory responses where implemented in 2013 by the European Union with 

the falsified medicines directive of 2011. The aim of the directive is to protect legal 

supply lines from the entry of falsified medicinal products, to establish unified 

definitions, responsibilities and liabilities of different stakeholders across the EU, 

identify the illegal sale of falsified medicinal products via the internet, as an important 

threat, and raise awareness regarding the threat of falsified medicinal products. 
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Next to the systematic serialization and verification from the manufacture, throughout 

the entire supply chain to the patient, three measures, meant to counter existing loop 

holes, stand out: [57] 

 

(i) the legislation regarding falsified medical products relates to all actors in the 

supply chain. This includes not only wholesaled distributors, whether or not 

they physically handle the medicinal products, but also brokers who are 

involved in the sale or purchase of medicinal products without selling or 

purchasing those products themselves, and without owning and physically 

handling the medicinal products. (article 6) 

 

(ii) member states should take measures to prevent these falsified medical 

products, if introduced in the EU, from entering in free circulation, i.e. even if 

falsified medical products are introduced in the EU but not imported (an EU 

member state is not the final destination), they should be regarded as a threat 

since they may pose risks to public health in the EU as in third countries. (article 

10) 

 

(iii) the introduction of EU-wide logo to allow the general public to identify 

legal online pharmacies. (article 25) 
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Correspondingly, the USA introduced in 2013 the drug supply chain safety act which 

main objective is the safeguarding of supply lines. Focus however lies on the 

verification of a medicinal product at each change of ownership, to detect illicit 

medical products in the legal supply lines [58]. 

Next to governmental organizations also private initiatives were introduced to curtail 

the traffic of falsified medical products. Multiple pharmaceutical companies have 

invested in the development of anti-counterfeiting techniques to secure their supply 

lines, anti-counterfeiting analytical laboratories, and sensitization campaigns to raise 

awareness in the general public [59–63]. Due to mutual interests, multiple major 

pharmaceutical companies founded the Pharmaceutical Security Institute (PSI) in 

2002. This non-profit organization was created to protect public health, to gather and 

share information on all aspects of illegal medicinal products (e.g., spread, type of 

drugs falsified, statistics) with PSI members and regulatory agencies and initiate law 

enforcement through the appropriate authorities in relation to pharmaceutical crimes 

[28,47,64]. 
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Abstract 

Falsified peptide and protein drugs currently represent only a small share of the 

falsified medical products on the black market. Nonetheless, in last two decades, the 

falsified peptide and protein drugs present on the (black) market have undergone an 

extensive diversification. Nowadays also unauthorized, unapproved image-enhancing 

peptides and essential medicines such as insulin, oxytocin and monoclonal antibodies 

have been falsified, next to the traditional doping related substances (e.g., human 

growth hormone, erythropoietin). Moreover, these preparations may present distinct 

hazards due to their synthesis and inherent complexity. In addition, most of them have 

to administered parenterally. Consequentially, multiple reports have already 

described the absence of the active pharmaceutical ingredient in lifesaving medicines 

such as oncology drugs, the presence of unapproved substances (e.g., drug targets 

which haven’t yet been submitted to clinical trials) and contaminations with virulent 

microorganisms or pyrogenic/toxic substances. It stands to reason that regulatory 

agencies and analytical laboratories handling falsified biotechnology drugs have 

stepped up efforts to counter these grievous practices. The analysis of these falsified 

polypeptides and putative impurities is however not always straightforward. Often 

bioanalytical laboratories have to resort to a combination of electrophoretic 

techniques, immunological assays and mass spectrometry based approaches to merely 

identify the content of seized samples. In addition, the difference in size (peptide vs 

proteins vs monoclonal antibodies), complexity (e.g., glycosylations) and different 

synthesis techniques (chemical synthesis, recombinant expression, native protein 

isolation) result in a wide range of putative health risks. This chapter therefore aims to 

provide a comprehensive overview of the current state of our knowledge regarding 

the types of falsified biotechnology drugs, the detected product-related impurities and 

chemical or biological impurities. 
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In 2012, falsified versions of the FDA-approved anti-cancer biological Avastin (API 

bevacizumab) had entered the US drug-supply chain and were distributed to doctors 

and medical practices across the US[65,66]. Hence, demonstrating that not only low 

cost pharmaceuticals are prone to falsifications but also innovative high cost drugs. 

Avastin, a humanized monoclonal IgG1-antibody was first approved by the FDA in 2004 

but continues to receive new approvals for the treatment of other types of cancer, 

with most recently a full approval for the treatment of adults with Glioblastoma (most 

aggressive form of brain cancer) [67,68]. Hence, Avastin, regarded as a blockbuster 

oncology drug ranked in the top 10 bestselling medicines in 2017, topping annually 6.7 

billion USD in sales, is an attractive target for counterfeiters [69,70]. 
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The success of Avastin is a reflection of the importance of biologicals in the last 

decades. Biologicals (and synthetic peptides) have become one of the most important 

sources of new drug targets since the introduction of humulin, the first medicine 

synthesized via recombinant expression technologies, in 1982 [71]. Unfortunately, the 

rise of these promising drugs went hand in hand with the emergence of a black market 

for falsified versions of these type of drugs. Although the bulk of the seized falsified 

medical products still are traditional ‘small molecule’ drugs, reports from regulatory 

agencies demonstrated the presence of doping peptides, tanning peptides, nootropic 

peptides, anti-obesity peptides, human chorionic gonadropin (hCG), insulins, oxytocin, 

erythropoietin (EPO), human growth hormone (hGH), different growth factors and 

monoclonal antibodies in seized samples [38,39,72–85]. Although peptide and protein 

drugs are only a minor fraction of the approved medical products today, they dominate 

list of best-selling drugs worldwide, making them attractive targets of counterfeiters 

[69]. The rise of peptide and protein drugs is also expected to continue due to their 

higher approval rate compared to traditional ‘small molecule drugs’[86,87]. Moreover, 

driven by the emergence of markets such as India, Indonesia and China, the global 

biopharmaceutical sector is expecting a growth rate of 160% between 2017 to 2030 

[88]. Therefore, due to the increasing demand and for affordable drugs and 

importance of these type of medicines, it can be expected that these drugs remain 

important targets for malignant entities.  

 

Since biologicals are much more complex than ‘small molecules' and are generally less 

stable, quality standards for biologicals are described by International Council on 

Harmonisation (ICH) in a separate guideline (Q6B) to guarantee the safety and efficacy 

of these medicines [89]. Synthetic peptides such as the earlier mentioned doping 

peptides can be put in a special category which falls between small molecules and 

biologicals [90].Moreover, the majority of these falsified peptide and protein drugs 

have to be administered via parenteral injections, thereby potentially constituting 
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bigger/different health risks than classical ‘small molecule’ drugs. In extreme cases, 

the administration of these drugs have led to deadly outcomes such as in the case of 

fake insulin [6]. 

1. Peptide and protein drugs: Historical background and current 

state 

Although a pharmaceutical sector without biotherapeutics (e.g., insulin) is unthinkable 

nowadays, the uprising of these type of products is only recent, despite their 

introduction in the beginning of the previous century. Insulin was namely the first ever 

biotherapeutic commercially available in 1923 and was considered a revolutionary 

miracle drug for patients suffering from diabetes mellitus, at that time still in most 

cases a lethal disease. The protein was first extracted and purified from large portions 

of animal tissue. The disadvantages of the extraction method however, were the 

potential allergic reactions and putative biological contaminations (e.g., viral, bacterial, 

prions) related to the animal origin of the therapeutic drug. The actual chemical 

synthesis of peptides became available in 1953 when the French chemist du Vigneaud 

synthesized the neurohormone oxytocin after he had elucidated its sequence and 

structure [91,92]. A decade later another milestone was reached when Merrifield 

introduced his solid-phase peptide synthesis (SPPS) technique which allowed for a 

much easier and faster synthesis of pure peptides [93,94]. SPPS is upon till today the 

golden standard for the synthesis of peptides with a sequence length of up to 50 amino 

acids (AA)[95,96]. However, for larger peptides, it took almost two more decades 

before the first ever product of recombinant expression technology, named Humulin 

(51 amino acids, 5.8 kDa) was approved in 1982 for general use as medicine. Humulin, 

a recombinant version of human insulin produced by incorporating human cDNA via 

plasmid technology in the bacteria Escherichia coli (E. Coli), marked the beginning of a 

new evolution in the pharmaceutical industry [71]. It was followed in the same decade 
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by other biologicals such as native cytokines and hormones [97,98]. Another major 

breakthrough was introduced when Kohler and Milstein laid back in 1975 the 

foundation, with the use of their hybridomatechnology, for the emergence of 

monoclonal antibodies (mAb) which entered the pharmaceutical market for the first 

time in 1986 [99,100]. These important biotechnological milestones led to a steep rise 

in the production of therapeutic biologicals. Nonetheless, upon till then, almost all 

approved new molecular entities were un-engineered native proteins. The real 

breakthrough of peptide and protein drugs was launched with the introduction of new 

technologies in gene technology and protein chemistry that allowed for the 

‘engineering’ of peptide and protein drugs. In general, peptide and proteins are 

hampered as therapeutics due to their size and complexity, their low stability during 

storage, their low (oral) bioavailability, their high renal clearance (biotherapeutics < 30 

kDa), putative interactions with the immune system and susceptibility to (serum) 

proteases [101]. To circumvent these issues, chemical modifications such as site 

directed mutagenesis and the ligation with other molecules (e.g., lipids, sugars, other 

proteins) are employed next to the supplementation with additives or carrier proteins 

to enhance the solubility, stability and reduce the formation of aggregates. Since the 

emergence of these new technologies and the increased knowledge of human 

physiology at the molecular level, the introduction of engineered therapeutic peptide 

and protein drugs generated an exponential growth in the number of approved 

peptide and protein drugs [98,102,103]. More specifically, in 2017 the FDA approved 

5 new peptides, 12 new biologicals and 5 biosimilars. The approved peptide and 

protein drugs included one antibody-drug conjugate (ADC), 2 recombinant enzymes, a 

bispecific humanized mAb, one native peptide and 4 modified peptides. These 

examples clearly demonstrate the wide variety of engineered and un-engineered 

peptide and protein drugs. 
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2. Synthesis of peptide and protein drugs 

As briefly mentioned above, there are three ways to synthesize peptide and protein 

drugs, by means of chemical synthesis, through recombinant expression technologies 

and via native protein isolation. The appropriate synthesis route depends on many 

factors such as the size, sequence and presence of post-translation modifications 

(PTMs). In general, chemical synthesis is preferred for peptides (historically defined as 

polypeptides up to 50 AA) while proteins are generally synthesized via recombinant 

expression technologies or extracted and purified from animal or human tissues/body 

fluids in the case of native proteins [95,104].  

Both in recombinant expression technology and chemical synthesis, the basis of the 

synthesis of polypeptides is the sequential linkage of two amino acids through the 

formation of an amide bond (or peptide bond) with the amino group of the first amino 

acids and the carboxylic acid group of the second (Figure 6) [95,105].  

 

 

Figure 6: Formation of an amide bond between two amino acids by means of a condensation 
reaction. 
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To enhance the rate and specificity of this reaction in the chemical synthesis of 

peptides, the carboxylic acid group has to be activated while both functional groups 

(R1 and R2 in Figure 6) and terminal amine group have to be protected to prevent 

unwanted side reactions[95,106]. To this end, multiple organic protecting groups have 

been introduced to ensure the specific formation of the amide bond between the two 

respective amino acids [107,108]. 

In general, two main protecting strategies have been used to protect starting amino 

acids before the coupling reaction. The first strategy employs a tert-butyloxycarbonyl 

protecting group (Boc) for the Nα-moiety with a carbobenzoxy (Z) group (or other 

protecting groups) for the functional groups. The difference acidolysis conditions (e.g., 

TFA for Boc and HF or hydrogenation for Z) allows for the orthogonal deprotection of 

the transient protecting groups [109]. The introduction in 1970 of the base labile Nα-

protecting group 9-fluorenylmethoxycarbonyl group (Fmoc) however, allowed for the 

implementation of truly orthogonal deprotection mechanisms (see Figure 7). [96,110]. 

Upon till today, the combination of Fmoc as a Nα-protecting group in combination with 

the acid labile tert-butyl (t-Bu) protecting group, is the most used strategy in peptide 

synthesis [95,106]. The greater orthogonality due to completely different reaction 

conditions (acidic vs basic) allows for milder reaction conditions and a higher 

versatility. Nonetheless, both Fmoc/t-Bu and Boc/Z- strategies are used today in 

peptides synthesis and allow for the automatization of the synthesis process 
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Figure 7: Example (L-tyrosine) of orthogonal deprotection mechanism in the chemical synthesis of 
peptides. (1) Base labile F-moc protecting group; (2) benzyl protecting group which can be cleaved 

via hydrogenolysis and (3) acid-labile t-Bu group. 

 

The actual formation of the amide bond has to be proceeded by the activation of the 

carboxylic acid group to generate a better leaving group than the hydroxyl moiety of 

the carboxylic acid group. In the past, carbodiimides such as N,N’-

dicyclohexylcarbodiimide (DCC), N-ethyl-N’-(3-dimethylaminopropyl) 

carbodiimidehydrochloride (EDC) and N,N’-diisopropylcarbodiimide (DIC) were the 

most used activating agents[107]. Disadvantages of these reagents however are the 

racemization of the chiral center of the activated amino acid. To encompass these 

issues, racemization suppressants are added such as the triazoles 1-

hydroxybenzotriazole (HOBt) and 1-hydroxy-7-azabenzotriazole (HOAt). These 

additives react with the O-acylisourea (intermediate of the activated AA and a 

carbodiimide which tends to racemize) to form an active ester. In turn, the active ester 

reacts with the terminal amino group to form the final amide bond. Nowadays, other 

reagents such as phosphonium salts (e.g., (BOP) (Benzotriazol-1-

yloxy)tris(dimethylamino)phosphonium hexafluorophosphate and (PyAOP) (7-
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Azabenzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate) and 

aminium or uronium salts (e.g., (HBTU) 2-(1H-benzotriazole-1-yl)-1,1,3,3-

tetramethylaminium hexafluorophosphate, (HATU) 1-[Bis(dimethylamino)methylene] 

-1H-1,2,3-triazolo[4,5]pyridinium 3-oxid hexafluorophosphate) and (TATU) O-(7-

Azabenzotriazole-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate) have been 

introduced to form the activated ester in situ [95,107]. All these reagents contain a 

triazole moiety (e.g., HOBt or HOAt) as phosphonium, aminium or uronium salt with 

hexfluorophophate or tetrafluoroborate as anion. Hence, the reaction with an 

activated amino acid leads to the same active esters as for the reaction with a 

carbodiimide and the respective triazole. Due to the hazardous explosive potential of 

HOBt (requires more stringent storage and shipping conditions), a novel additive for 

the carbodiimide mediated amide bond formation, Oxyma (ethyl 2-cyano-2-(hydroxyl-

imino)acetate) was introduced as a potent alternative in 2009 [111]. Conversely to 

HOAt and HOBt, only a uronium salt, COMU ((1-cyano-2-ethoxy-2-

oxoethylidenaminooxy)dimethylamino morpholino-carbenium hexafluorophosphate) 

has been introduced for the in situ formation of an active ester, providing 

approximately the same capacity as a peptide coupling reagent as HOAt or HOBt 

[95,112,113]. 

 

Until 1963, all peptides were synthesized with sequential deprotection and coupling 

steps in solution. Although this concept leads to good quality synthesis products, the 

process is time-consuming since all peptide intermediates have to be isolated from all 

other reagents and byproducts before they can be used as starting material for 

sequential steps. In 1963, Robert Bruce Merrifield demonstrated the synthesis of a 

tetrapeptide on an insoluble polymeric resin which allowed for the efficient isolation 

of peptide intermediates[93,94]. This concept, known today as solid phase peptide 

synthesis (SPPS), is nowadays the golden standard for the chemical synthesis of 

peptides [106]. The synthesis starts with a resin (e.g. polystyrene crosslinked with 1-
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2% divinylbenzene) where the first building block (generally C-terminal amino acid) is 

covalently anchored via a linker to the resin. The linker is an organic molecule between 

the resin and the bound amino acid to prevent putative aggregation and determines 

the C-terminal modification of the final peptide [114]. Subsequent elongation of the 

peptide is performed with the same deprotection and coupling reactions as described 

above (see Figure 8). The final cleavage of the peptide from the resin and removal of 

all protective groups is performed in the presence of scavengers to prevent unwanted 

side reactions with reactive byproducts (e.g., carbocations) [95,106].  

Although SPPS and solution phase peptide synthesis are successful concepts to 

synthesize peptides (generally up to 50 amino acids), both are hampered when larger 

and more complex peptides have to be synthesized. Therefore, often larger peptides 

may be constructed by means of native chemical ligation techniques which employ 

terminal nucleophilic amino acids (e.g. cysteine, selenocysteïne, histidine) to form an 

amide bond between two (or more) smaller polypeptides [115,116].  
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Figure 8: General schematic SPPS consisting of 1) coupling of the first AA to the resin, 2) cleavage of fluorenylmethyloxycarbonyl protecting group 
(Fmoc) in basic conditions, 3) washing step, 4) activation of the second amino acid (e.g. via carbodiimides, aminium/uronium or phosphonium salts), 
5) Ligation step, 6) washing step, 7) either repeating SPPS cycle (a) or deprotecting final synthesis product by employing acidic conditions for side 
chains and basic conditions for fmoc cleavage (b), 8) cleavage from resin with acid (e.g. HF). PG: acid labile protecting group, A: Activating/coupling 
reagent.  
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When recombinant expression is used for the synthesis of therapeutic peptides and 

proteins, the coding DNA (cDNA), with or without codon optimisation, is inserted into 

a host (expression system), which transcribes and translates the construct into the 

respective peptide or protein [105]. Briefly, the DNA is transcribed into messenger RNA 

(mRNA) which functions as a template for ribosomes where the actual biosynthesis of 

the respective peptide takes place. After the formation of the peptide (or when still in 

progress), the peptide is folded and might be subjected to PTMs. The latter however 

depends on the sequence and the capability of the selected expression system. 

Therefore, the choice of the expression systems will depend on the size and complexity 

of the protein of interest [104]. 

Upon till today, bacteria remain the main expression system for ‘simple’ biologicals 

that do not require elaborate PTMs for their functionality. The most popular bacteria 

for this task are the well-known gram negative E. coli which allow for a rapid growth, 

easy handling and high product yield. Drawbacks however are the absence of 

eukaryotic post-translational modifications and potential issues with protein folding 

and solubility due to the absence of chaperones and the speed and level of 

transcription compared to the folding rate [117–119]. Above mentioned issues can 

however be solved by employing the more advanced yeast expression systems such as 

Sacchromyces cerevisae and Pichia pastoris due to their internal 

compartmentalization. Although yeast systems allow for the incorporation of PTM’s, 

the undesired hypermannosylation (more specifically with S. cerevisae) may lead to 

more immunogenic biologicals. More recently however, engineered yeast systems 

have been developed to circumvent these issues by ‘humanizing’ the glycosylation 

patterns [120]. For the production of larger and more complex proteins such as full 

scale antibodies or heavily glycosylated proteins however mammalian expression 

systems are the preferred choice [121]. Popular cell lines for the production of 

therapeutic biologicals are Chinese hamster ovary (CHO) cells, murine myeloma cell 

lines (Sp2/0 and NS0) and immortalized human cell lines (HEK293). Particularly CHO 
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cells are often used to produce mAbs. Advantages of CHO cells compared to other 

mammalian cell lines are their ability to grow in suspensions, the higher protein yields 

and lower susceptibility to certain viral infections. Other systems that have been used 

are plant based systems, transgenic systems and insect cell-based expression systems 

[104,122,123]. Insect-cell lines are a compromise between the high demanding 

mammalian but more human-like glycosylating systems and the fast and more easily 

handled bacterial and yeast expression systems. Transgenic systems yield human 

proteins with PTMs which highly resemble human PTMs. Drawbacks however are the 

high cost and time consuming development of these systems. Other new emerging 

technologies are cell free protein synthesis and the usage of redundant codons to 

incorporate non-canonical amino acids [104]. 

3. Quality characteristics of peptide and protein drugs 

The characterization of peptide and protein drugs, specifically biologicals, can be 

challenging and sometimes requires the use of high-end technical equipment. 

Additionally, the complete elucidation of the different properties of peptide and 

protein drugs also entails multiple techniques. With regard to therapeutic biologicals, 

internationally accepted criteria relating to both the physicochemical characterization 

as determination of the functional quality or (toxicity) have been compiled in the ICH 

guideline Q6 B [89]. Briefly, the guideline describes the need for the in-depth 

characterization of the API by the determination of the molecular weight, 

identification of potential isoforms, elucidation of the primary structure, analysis of 

higher order structures, determination of putative PTMs and the assessment of the 

functional activity/potency of the product.  
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Although the ICH guideline targets proteins and peptides from biological origin (here 

defined as biologicals), the mentioned quality characteristics may also apply for 

peptides produced via chemical synthesis. Since peptides produced via chemical 

synthesis are limited in size and scope of PTMs the most important characteristics are 

its molecular weight, sequence, and in some cases the 3D-configuration and its 

biological activity (e.g., potency, immunotoxicity). Correspondingly, although the 

analytical rationale and required analytical tools largely coincide, it stands to reason 

that the characterization of a peptide requires less performant analytical tools and is 

less complex than large proteins (e.g., monoclonal antibodies). 

 

The first parameter, the molecular weight or size of a peptide or protein drug, is used 

to confirm the identity and corroborate the elucidation of the primary structure. The 

most used and most powerful tools to determine the exact mass of a peptide or 

protein are techniques based on mass spectrometry (MS) [124]. Preferably, 

instruments with high mass accuracy and resolving power are employed such as time-

of-flight (TOF), Fourier transform ion cyclotron resonance (FT-ICR) or orbitrap mass 

spectrometers. In general, the two most commonly used ionization techniques used 

are matrix-assisted laser desorption ionization (MALDI) and electrospray ionization 

(ESI) leading to either MALDI-TOF, ESI-Q-TOF, ESI-FT-ICR MS or orbitrap MS systems 

[125]. More rudimentary methods used to determine (or estimate) the molecular 

weight are sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and 

size exclusion chromatography (SEC).  

The analysis of the isoform pattern is largely based on separation techniques. Most 

employed techniques are either chromatography based techniques (reversed phase 

liquid chromatography (RPLC), ion exchange chromatography (IEC), affinity 

chromatography (AFC), hydrophobic interaction chromatography (HIC), hydrophilic 

interaction liquid chromatography (HILIC) and SEC) or electrophoresis based 

techniques (capillary electrophoresis (CE), iso-electric focusing (IEF), SDS-PAGE and a 
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combination of the latter two (2D-PAGE) [126–129]. IEC and IEF are also used to 

determine charge variants which are mainly the result of different PTMs (e.g., 

phosphorylation, glycosylation) [124].  

While in the past Edman degradation and analysis of the amino acid composition of 

the respective peptide or protein were valuable means to determine the primary 

structure, nowadays mass spectrometry is the golden standard for sequence 

elucidation. The most popular strategy, regarding the sequence elucidation via MS, is 

the bottom-up approach (although the preferred strategy is also strongly case-

dependant) which involves the proteolytic digestion of the peptide or protein into 

smaller fragments which ionize more easily and are less complex to sequence. The top-

down approach were the intact peptide or protein is subjected to MS and MS/MS 

experiments is also a valuable alternative when the size and complexity of the peptide 

or protein is limited and the mass spectrometer is performant enough in terms of 

resolving power and fragmentation methods (e.g., combination of orthogonal 

fragmentation techniques) [125].  

In some cases, it is as well appropriate to analyse higher order structures which may 

have a fundamental impact in the peptide and protein drugs functionality. Techniques 

involved in the analysis of secondary, tertiary and sometimes quaternary structure are 

commonly spectral techniques such as X-ray diffraction (XRD), small angle X-ray 

scattering (SAXS), circular dichroism (CD) and nuclear magnetic resonance (NMR) 

[124].  

Provided the presence of post translational modifications, further analysis is requested 

to determine the site and type of modification, since these modifications may 

influence the stability, pharmacokinetic/dynamic behaviour and functionality. In the 

case of glycosylation, also the glycan composition and antennary profile (glycan 

structure) have to be determined [124,130]. The majority of the techniques used for 

the elucidation of PTMs are based on MS. Specifically, MALDI-TOF MS or ESI-MS 

coupled to a suitable separation technique (e.g., RPLC, HILIC) in combination with 



  Part I: Introduction 

 

41 

enzymatic digestion are often employed to determine the site and type of 

modifications. For glycan analysis however, experiments on multiple levels (intact 

protein, enzymatic digest, glycans level, monosaccharide level) are required to detect 

the site of glycosylation, the antennary profile and glycan composition, employing 

multiple types of analytical tools (e.g., LC-MS/MS, GC-MS, high-performance anion 

exchange chromatography coupled to pulsed amperometric detection (HPAEC-iPAD).  

 

The last quality characteristic, the biological activity is an essential parameter, since it 

relates the measured biological effect of a biotherapeutic to a defined dosage. 

Different biological assays, on multiple levels such as animal based assays, tissue/cell 

culture-based assays or biochemical assays, have been applied, in function of the 

biotherapeutic, the type of biological response and practical applicability of the assay, 

as viable assays for the characterization of the respective functionality/activity. In 

certain cases, it may also be appropriate to verify the immunogenicity of the respective 

biotherapeutic [124]. 

 

Additionally, and equally important, the guideline Q6 B also described the need for the 

determination of (bio)chemical impurities or contaminants above a certain threshold 

(e.g., chemicals used during peptide synthesis, toxins, pyrogens or other putative toxic 

(bio)chemicals, microorganisms and viruses) prior to acceptance of the product and 

refers to the methods described in the pharmacopoeias to assess these substances. 

Conversely to, the characterization of the API, potential process-related impurities 

and/or contaminations may differ significantly in function of the synthesis pathway. 

Residual reagents, catalysts and protective groups may be putative impurities for 

chemically synthesized peptides while residual DNA and host cell proteins (HCP) may 

be potential impurities in biologicals. Vice versa however, this might not be applicable. 
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Therefore, regulatory agencies often make a distinction for quality standards between 

peptide and protein drugs from chemical and biological origin.  

4. Characterization of falsified peptide and protein drugs 

In contrast to genuine peptide and protein drugs, the characterization of falsified 

peptide and protein drugs is often more complex and less univocal. A general overview 

of issues related to the API, possible API-related impurities, process related impurities 

and putative contaminations, in function of the most commonly used synthesis 

pathways, has been presented in Table 2. Moreover, since the generally accepted 

synthesis route may not be the actual synthesis pathway applied by counterfeiters, no 

presumptions can be made based on the synthesis route with regard to potential 

issues with the API, API-related impurities, process-related impurities and putative 

contaminations. Additionally, the emergence of ‘engineered’ peptide and protein 

drugs often requires the combination of multiple synthesis pathways. For instance, in 

the case of the conjugated peptide Semaglutide, the active substance of the 

antidiabetic drug Ozempic, the backbone is synthesized via yeast fermentation and 

subsequently subjected to a synthetic modification process to obtain the conjugated 

end-product. In addition, multiple cases have described the presence of unexpected 

contaminants such as glass particles, paint thinner and filler substances (e.g., starch, 

chalk) in falsified medical products [5]. Due to this wide range of potential impurities 

and contaminants, most case-reports focus primarily on the identification of the active 

substance, while reports in the literature of impurities and contaminants in falsified 

peptide and protein drugs are quite scarce (see Table 3). Therefore, we present a more 

extensive discussion of the identification of the API (section 4.1, 4.2. & 4.3) while 

impurities and contaminants (including potential) are discussed on a case-by case basis 

in section 5.



  Part I: Introduction 

 

43 

Table 1: General overview of potential issues related to the API and API-related impurities, process-related impurities and contaminants in function 
of the most used synthesis pathways for peptide and protein drugs. Contaminations between parenthesis are deemed not likely to occur, although 
they cannot be excluded in falsified medical products. API: active pharmaceutical ingredient; AA: amino acids; PTMs: post translational modifications; 
mAb: monoclonal antibody. 

Synthesis route API Product-related 

impurities 

Process-related 

impurities 

Contaminations Preparation-

level 

Chemical 

synthesis 

 Correct API 
 Configuration 
 Counterion 
 Quantity 
 (Potency) 

 AA 
insertions/deletions 

 Modifications of 
functional groups 
(e.g., deamidations) 

 Attached protective 
groups 

 Truncations 
 Aggregates 

 Residual reagents 
 Residual catalysts 
 Residual solvents 
 Byproducts 
 Elemental impurities 

 Other API 
 Small molecules 
 Elemental 

impurities 
 Microorganisms 
 Pyrogens 
 (Viral 

contaminations) 
 (Nucleic acids) 
 (Host cell 

proteins) 

 Osmolarilty 
 pH 
 Excipients 

Bacterial 

systems 

 Correct API 
 Isoforms 
 Configuration/ 

Proper folding 
 Potency 
 Immunotoxicity 
 Quantity 

 Point mutations 
 Modifications 
 Aggregates 
 Improper folding 
 Wrong PTMs 
 Lack of glycosylations 

 Endotoxins/pyrogens 
 Residual DNA 
 Host cell proteins 
 Cell-culture derived 

impurities (e.g., 
inducers, antibiotics) 

 Enzymes 
 Ligands (e.g., mAb) 

 Other API 
 Small molecules 
 Elemental 

impurities 
 Microorganisms 
 Pyrogens 
 Viral 

contaminations 

 Osmolarilty 
 pH 
 Excipients 
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Synthesis route API Product-related 

impurities 

Process-related 

impurities 

Contaminations Preparation-

level 

Yeast 

expression 

systems 

 Correct API 
 Isoforms 
 Configuration/ 

Proper folding 
 Potency 
 Immunotoxicity 
 Quantity 

 Point mutations 
 Modifications 
 Truncations 
 Aggregates 
 Improper folding 
 Wrong PTMs 
 Wrong glycosylations 

(e.g., 
hypermannosylations) 

 Residual DNA 
 Host Cell Proteins 
 Pyrogens 
 Cell-culture derived 

impurities (e.g., 
inducers, antibiotics) 

 Enzymes 
 Ligands (e.g., mAb) 

 Other API 
 Small molecules 
 Elemental 

impurities 
 Microorganisms 
 Pyrogens 
 Viral 

contaminations 

 Osmolarilty 
 pH 
 Excipients 

Mammalian 

Systems 

 Correct API 
 Isoforms 
 Configuration/ 

Proper folding 
 Potency 
 Immunotoxicity 
 Quantity 

 Point mutations 
 Modifications 
 Truncations 
 Aggregates 
 Improper folding 
 Wrong PTMs 
 Wrong glycosylations 

 Residual DNA 
 Host Cell Proteins 
 Pyrogens 
 Cell-culture derived 

impurities (e.g., serum, 
antibiotics) 

 Enzymes 
 Ligands (e.g., mAb) 

 Viral 
contaminations 

 Other API 
 Small molecules 
 Elemental 

impurities 
 Pyrogens 

 

 Osmolarilty 
 pH 
 Excipients 
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Table 2: Summary of case reports regarding the analysis of falsified peptide and protein drugs and the analytical rationale employed. hGH: human 
growth hormone; rEPO: recombinant erythropoietin; rhGH: recombinant human growth hormone; hCG: human chorionic gonadotropin; FGF-1: 
fibroblast growth factor 1; IGF: intestinal growth factor 1; MGF: mechano growth factor (splicing variant of IGF-1); hGH-RH: human growth hormone 
releasing hormone; IEF: isoelectric focusing; ELISA: enzyme-linked immunosorbent assay; SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel 
electrophoresis; LC: liquid chromatography; HPLC: high performance liquid chromatography; UHPLC: ultra-high performance liquid chromatography; 
CE: capillary electrophoresis; IM: ion mobility; NMR: nuclear magnetic resonance; MS: mass spectrometer; IT-MS: ion-trap mass spectrometer; HRMS: 
high resolution mass spectrometer; QTOF MS: quadrupole time-of-flight mass spectrometer; DAD: diode array detector; HCD: higher energy C-trap 
dissociation; MWCO: molecular weight cut-off filter; SRM: selective reaction monitoring. 

Active 
Pharmaceutical 
Ingredient  

Year of 
publication 

Analysis Tools Enzymes Remarks Reference 

C-terminally His 
tagged Long-R³-IGF-I 

2010 SDS-PAGE, LC-MS/MS (orbitrap), 
Immunopurification, ELISA 

Trypsin Impurity: C-terminal instead of N-
terminal His Tag 

[134] 
 

GHRP-2 2010 UHPLC- QTRAP    Nutritional supplement, not for 
parenteral administration 

[81] 

Somatropin(claimed
), rEPO, GHRP's, 
long-R³-IGF-I, rhGH 

2010 Mass-spectrometry, IEF, SDS-PAGE Trypsin   [131] 

CJC-1295 2010 LC-MS/MS (orbitrap) Trypsin   [132] 

N-terminally 
truncated FGF-1 (15-
154) 

2011 SDS-PAGE, IEF, ELISA, nano LC-MS/MS 
(Orbitrap) 

Trypsin, Lys-
C, Asp-N 

  [133] 

TB-500 2012 LC-MS/MS (orbitrap), NMR     [38] 

Human MGF 2012 LC-MS/MS (orbitrap), HCD 
fragmentation 

  C-amidated MGF (not even drug 
candidate in literature) 

[134] 
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Active 
Pharmaceutical 
Ingredient  

Year of 
publication 

Analysis Tools Enzymes Remarks Reference 

GHRP-2 2013 LC-QTOF MS, NMR   Unlabelled vials [74] 

Melanotan II 2014 LC-MS/MS   Other API: Melanotan II instead 
of GHRP-6 

[135] 

AOD-9604 2014 SDS-PAGE, LC-IT-MS, UHPLC-QTOF MS Trypsin   [76] 

‘Full Length' MGF 2014 Nano LC-MS/MS (orbitrap), 
Immunopurification, MWCO filters 

Trypsin C-terminally modified hIGF-1Ec [136] 

GHRPs, hGH 
analogues, 
Melanotan II, 
Follistatin, hGH, 
hCG, IGF-1 

2014 HPLC-DAD, LC-MS/MS (orbitrap) Trypsin   [72] 

Modified hGH-RH 2014 LC-MS/MS (orbitrap) Trypsin Both C-amidated and free acid 
present in vial, Val14 and Pro1 
are not present in endogenous 

hGHRH (Pro1 is a known 
analogue modification, Val14 not) 

[79] 

 Melanotan II 2014 LC-MS/MS QTRAP   All samples underdosed (relative 
to claimed amount). Rel 
Impurities ±5%, or ND 

[137] 

Epitalon 2014 LC-MS/MS (Ion Trap & QTOF HRMS) FA-digest   [39] 
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Active 
Pharmaceutical 
Ingredient  

Year of 
publication 

Analysis Tools Enzymes Remarks Reference 

AOD-9604, 
Thymonsin B4, CJC-
1295, EPO, FGF-1, 
GHRP-2, GHRP-6, 
hGH, hCG, Insulin, 
Ipamorelin, MGF 

2014 1D/2D-Gel elektroforese, 
immunoassays, nano LC-MS/MS 

(orbitrap) 

Trypsin, Lys-
C, Asp-N 

Peptides and derivatives 
constituted 12.8% of all doping 

agents:44 findings, 15 labelled, 29 
not labelled 

[82] 

Fusion protein 
consisting of several 
protein tags, 
thrombin cleavage 
site and remnants 
of a multiple cloning 
site 

2014 SDS-PAGE, MWCO filter, LC-MS/MS 
(orbitrap) 

Trypsin, 
Trombin 

No API present only remnants of 
the expression system 

[138] 

25 peptides (<5kDa) 2015 LC-IT-MS, UHPLC-DAD   Analysis + statistics on synthetic 
peptides on Belgian market 

[139] 

Cerebrolysin 2015 UHPLC-IT-MS, UHPLC-IM-QTOF MS 
(Synapt G2-Si) 

    [80] 

CJC-1295, GHRP-2 2015 HPLC-MS/MS   Unlabelled vials [140] 

GHRPs, hGH, 
Thymosin Beta4, 
EPO, Melanotan II  

2015 LC-MS/MS (orbitrap), ELISA, IEF, WGA 
MAIIA assay 

    [141] 

Somatropin, GHRP-2  2016 LC-MS/MS QTOF system, NMR     [142] 
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Active 
Pharmaceutical 
Ingredient  

Year of 
publication 

Analysis Tools Enzymes Remarks Reference 

Somatropin 2016 CE-DAD, CE-MS   Counterfeit versions containing 
API and modified API 

[143] 

Analysed: 
hGH,sermorelin and 
melanotan II  
Seized: Actovegin, 
hGH-RH analogues, 
Cerebrolysin, 
Follstatin 344, 
GHRPs, IGF, 
Melanotan I en II, 
MGF, Thymosin, 
hGH; 

2016 No data     [16] 

Epidermal Growth 
Factor (EGF) 

2016 SDS-PAGE, Western Blot, LC-MS/MS 
(Iontrap & QTOF HRMS) 

Trypsin, 
Chymotryps

in 

Claimed API: IGF-1 [75] 

Insulin 2016 LC-IT-MS, UHPLC-DAD  
(Full scan MS method with SRM 
transitions for discrimination between 
insulin analogues) 

 Insulin identified in vial sold as 
doping peptide. 

 

[19] 
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4.1 Analytical rationale and identification strategies 

The first paramount step in the characterization of falsified peptide and protein drugs 

is the identification of an API, if present, in the suspected sample. Therefore, analytical 

labs resort to an entire spectrum of techniques to uncover the content of falsified 

peptide and protein drugs. Different electrophoretic, immunological or mass 

spectrometry based techniques or combinatory approaches are required to identify 

the API (see Table 3). It stands to reason that a distinction should be made between 

peptides and proteins and between the case-reports analysing ‘traditional’ falsified 

peptide and protein drugs and the identification of new emerging falsified peptide and 

protein drugs (e.g., epitalon, TB-500) or ‘exotic’ atypical molecular entities such as a 

truncated forms of endogenous growth factors or remnants of the expression system 

(e.g., fusion protein consisting of several protein tags but without a therapeutic 

protein). In the latter case, multiple techniques are often required to identify unknown 

and/or unconventional peptides or proteins while for more ‘traditional’ therapeutic 

peptides or proteins more routine analytical approaches can be used. A generalized 

schematic with a flowchart for the identification of an unknown preparation 

suspected to contain a biotherapeutic based on these distinctions is presented in 

Figure 9.  

 

In this presented identification strategy, a first rudimentary screening is performed via 

SDS-PAGE. This electrophoresis technique allows for the swift separation based on 

molecular weight and the subsequent detection via staining of the separated peptide 

and protein drugs (e.g., coomassie blue, silver staining). Thereafter, the acquired 

information can be used to (partially) unravel the identity of the biotherapeutic and 

make educated decisions regarding the subsequent identification strategy.  

In the case of traditional falsified proteins (bands > 5 kDa) such as human growth 

hormone (hGH), Erythropoietin (EPO) and hCG, the analysis with SDS-PAGE may result 
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in distinct migration profiles (see Figure 9). When such strong indications are present, 

targeted analysis via ELISA or western blot may be sufficient to identify the respective 

API, or alternatively also (targeted) bottom-up full scan LC-MS/MS. However, when no 

distinct migration patterns are present or the targeted analysis is negative, the 

respective preparation is generally subjected to bottom-up analysis (or elsewhere 

known as peptide mapping) with full scan LC-MS/MS. In contrast, smaller peptides, 

arbitrary defined as peptides below 5 kDa in Figure 9, may be analysed directly via LC-

MS/MS to elucidate the primary structure of the respective therapeutic. When the 

latter analysis however is inconclusive, cleavage of the biotherapeutic in smaller 

fragments prior to the analysis with LC-MS/MS may result in a higher sequence 

coverage and a positive identification of the API. In the third case, a negative result 

with SDS-PAGE and coomassie blue staining (no band on gel) doesn’t necessarily 

exclude the presence of a therapeutic peptide or protein (see Figure 9). The most 

employed staining dye, coomassie staining, changes to a bright blue color when bound 

to a peptide or protein. However, the dye binds to basic amino acids, meaning that 

small peptides without basic amino acids do not react or in a limited manner with the 

dye. Secondly, also proteins, present in large quantities, used to increase the stability 

of the preparations or as filler substance (e.g., bovine serum albumin) may interfere 

with the interpretation of the gel pattern or size-determination. Hence, analysis via LC-

MS/MS has to be employed to rule out the presence of a peptide or confirm the 

presence of ‘small molecule’ therapeutics or contaminants. Even when the latter 

analysis is negative, other analytical techniques such as gas chromatography and IR-

spectroscopy may be involved to detect small molecules therapeutics. A methodology 

encompassing multiple analytical techniques for the identification and quantification 

of such substances (when no reference standard is available), has been described 

elsewhere [144]. 



  Part I: Introduction 

 

51 

 

Figure 9: Generalized schematic regarding the identification strategy for falsified peptide and protein drugs. SDS-PAGE: sodium dodecyl sulfate 
polyacrylamide gel electrophoresis; LC-MS/MS: liquid chromatography coupled tandem mass spectrometry; GC-MS: gas chromatography coupled 

to a mass spectrometer; ATR-IR: attenuated total reflection infrared spectroscopy; hGH: human growth hormone; hCG: human chorionic 
gonadotropin 
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4.2. The use of mass spectrometry for the identification of falsified peptide 

and protein drugs 

From the abovementioned strategy, it’s clear that mass spectrometry is an 

indispensable tool in the characterization of peptide and protein drugs and the 

identification of falsified peptide and protein drugs. Although both MALDI and ESI-

based systems have been described as powerful tools for the analysis of genuine 

peptide and protein drugs, almost exclusively ESI-based systems have been reported 

regarding the analysis of falsified peptide and protein drugs (see Table 2). MALDI-

based systems have the distinct advantages of yielding monovalent or monosodiated 

ions instead of the often complex charge envelopes of large peptide and protein drugs 

(with multiple basic amino acids) in ESI-based systems [145]. In addition, they tend to 

ionize larger proteins more easily [146]. The elucidation of large charge envelopes in 

ESI-based systems requires also sufficient resolving power for the determination of the 

exact mass of the respective biotherapeutic. However, ESI-based systems are generally 

preferred for the analysis of falsified peptide and protein drugs, presumably due to 

their versatility and the compatibility with a large scope of separation tools.  

Two major approaches for the characterization of large peptide and protein drugs are 

described in the literature, namely the top-down approach (analysis of non-digested 

proteins) and the bottom-up approach (analysis of peptide fragments generated by 

proteolytic digestion). Both approaches are based on the distinct fragmentation 

pattern of the ionized biotherapeutic into smaller fragments, which in turn can be 

compared to in silico models, spectra in protein databases or used for de novo 

sequencing (either manual or through algorithms) to elucidate the primary structure 

[147],[148]. As can be seen in Table 2, the bottom-up approach is the preferred 

strategy, in the case of larger polypeptides, amongst the different laboratories in 

charge of the identification of falsified peptide and protein drugs. This is due to the 

fact that the deconvolution, protein characterization and validation of the obtained 
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results by top down analysis is more complex than in bottom-up analysis, and will 

therefore not be further elaborated in this paragraph [146]. An important step in the 

bottom-up strategy, is the enzymatic digestion, prior to analysis, of the intact 

biotherapeutic into smaller fragments. To this end, multiple proteases have been 

implemented for the distinct cleavage of the biotherapeutic of interest (see Table 3).  

 

Table 3: Overview of commonly used enzymes in bottom-up analysis of biopharmaceuticals.  

EC number : enzyme commission number. 

Commercial name Cleavage point EC number 

Trypsin Lys, Arg (C) EC 3.4.21.4 

Chymotrypsin Phe, Tyr, Trp (C) EC 3.4.21.1 

Endoproteinase Lys C Lys (C) EC 3.4.21.50 

Endoproteinae Glu-C Asp, Glu (C) EC 3.4.21.19 

Endoproteinase Arg-C Arg (C) EC 3.4.22.8 

Endoproteinase Asp-N Asp (N) EC 3.4.24.33 

Endoproteinase Lys-N Lys (N) EC 3.4.24.20 

Pepsin (Porcine stomach) Leu, Tyr, Trp, Phe (N) EC 3.4.23.1 

 

The most commonly used fragmentation technique used with this approach is 

collision-induced dissociation (CID). This fragmentation results in the (non-random) 

cleavage of the peptide or protein between the amide bond of two adjacent amino 

acids. Fragments from the N-terminal side are defined in literature as b-type 

fragments, while fragments at the C-terminal side are defined as y-type fragments 

[149,150]. Trap-based mass spectrometers (e.g., ion trap, orbitrap) often employ 

higher energy C-trap dissociation or HCD which results in roughly the same 

fragmentation pattern as CID, but also encompass low mass fragments (e.g., b1, y1, 

b2, y2, immonium ions). These low mass fragments are valuable since they contain 

information regarding the terminal ends of the peptide or protein, but are generally 
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lost in trap-based systems [151]. Alternatively, also other fragmentation techniques 

such as electron capture dissociation (ECD) and the related electron transfer 

dissociation (ETD) technique are used to elucidate protein sequences. In contrast to 

CID, they result in a random cleavage of the peptide backbone and generally preserve 

PTMs. Hence, these techniques are orthogonal to CID, they are often used in 

combination to enhance sequence coverage [152], [147], [148]. Indeed, multiple 

protein identification algorithms such as Mascot and Sequest allow for the 

combination of spectra obtained via CID and HCD or CID and ETD to maximize the 

chance to find suitable candidates in different protein databases (e.g., UniProt). 

Alternatively, also de novo sequencing of the respective biotherapeutic could be 

envisaged. This technique has grown into a valuable tool for initial identification of 

unknown peptide and protein drugs and can result into one or more sequence models 

of the unknown substance. However, for legal purposes, the suggested models must 

always be verified with a custom synthesised peptide or with an orthogonal analytical 

technique to obtain an unambiguous identification.  

 

4.2.1 Detailed MS rationale for the analyses of falsified peptides  

In the case of traditional falsified peptides, analysis via reversed-phase liquid 

chromatography hyphenated to a full scan mass spectrometer (FSMS) is often 

sufficient to identify the API(s) present in falsified peptide preparations. Both high 

performance liquid chromatography (HPLC) and ultra-high performance liquid 

chromatography systems (UHPLC) with either C8 or C18 columns are reported in 

different case-reports. Other separation systems which can be envisaged for the 

analysis of falsified peptide preparations are CE and nano liquid chromatography 

(nanoLC). Most of the case-reports also describe the use of full scan mass 

spectrometers of the type ion-trap, Q-TOF, orbitrap or hybrid systems (orbitrap based, 

Synapt G2Si). The only targeted approach was described by Breindahl et al., [137] who 
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employed a QTRAP mass spectrometer in single reaction monitoring (SRM) mode. The 

set-up of the study was to detect, identify and quantify melanotan II in online acquired 

illegal preparations of melanotan II. Since the authors were only interested in one 

compound, the use of a targeted detection mode is reasonable. Indeed, a targeted 

approach is often preferred in the clinical field due to the higher sensitivity compared 

to a full scan approach, but due to its inherent drawback, the induced bias since it is 

targeted, it cannot be solely used as identification strategy in the field of falsified 

peptide and protein drugs. 

In addition to full scan instruments, all case-reports employ high resolution mass 

spectrometry (HRMS) and fragmentation techniques such as CID or/and HCD to 

identify the respective illicit peptides for which no reference standard was available at 

the time. High resolution (resolving power > 10000) is necessary for accurate mass 

determination and elucidation of isotopic patterns (higher charge state envelopes). 

Furthermore, the addition of MS²-experiments allows for the unambiguous 

identification through the comparison of fragmentation patterns with earlier obtained 

fragmentation patterns of reference standards or by comparison with literature data 

or through (partial) sequencing of the respective peptide based via manual 

appointment of b/y-ions or via proteomic software (e.g. Mascot or Sequest). 

 

The combination of retention time and more specifically measured molecular weight 

and fragmentation patterns or MS/MS-fragments as identification criteria is 

elaborately discussed by Thevis et al. [75] and in a recently published guideline of the 

European OMCL network (GEON) [153,154]. Nonetheless, multiple means to identify 

suspected and unknown peptides have been reported in the literature based on the 

knowledge of the suspected peptide or availability of reference standards. Thomas et 

al. [29] and Esposito et al. [34] corroborated their findings by injecting reference 

standards in parallel with suspected samples of respectively GHRP-2 and MGF. Other 

applications of reference standards were described by Breindahl et al. [137] which 
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infused melanotan II to identify selective transitions to detect the illegal tanning 

peptide via a targeted SRM-methodology and by Vanhee et al. [139] for the 

construction of an in-house made database as part of a general full scan screening 

method. The constructed database contained both retention time, molecular weight 

and fragmentation patterns of 25 different peptides. 

However, when no reference standards are available, multiple approaches to identify 

an unknown peptide present in illegal samples have been described in the literature: 

(1) through protein database searches or the comparison of the obtained MS and MS²-

spectra with in silico models, (2) involvement of orthogonal analytical techniques 

and/or custom synthesis of a peptide and (3) the de novo sequencing of the peptide. 

In practice however, a combination of these approaches are commonly used to 

unambiguously identify the falsified substance. 

An example of the first approach has been described by Vanhee et al. [20] who 

compared the acquired MS and MS/MS-spectra with in silico models to identify the 

suspected peptide. Subsequently, the authors corroborated their findings by means of 

protein database search (MASCOT™ search engine) and in silico analysis of the 

enzymatically digested peptide. Another application of this approach was described by 

Hartvig et al. [72], who used in silico models to predict the MS/MS fragmentation 

patterns. In addition, they corroborated their findings by reducing and alkylating the 

two cysteine’s suspected to be present, and observed the anticipated shift in mass due 

to the double alkylation. 

Gaudiano et al. [74] and Esposito et al., [38] used successfully the second approach, 

involving an orthogonal technique, by corroborating the presence of respectively 

GHRP-2 and TB-500 by means of NMR.  

When there is however no lead of the suspected peptide, de novo sequencing (third 

approach) may be successfully used next to the traditional protein database searches. 

De novo sequencing may be a valuable tool since the use of protein databases is 

generally limited to native peptide sequences. The presence of non-canonical amino 
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acids, which are often incorporated in recent peptide therapeutics, namely hampers 

the identification of ‘engineered’ peptides. In those cases, Henninge et al. [132] and 

Esposito et al. [38,155] used de novo sequencing to elucidate the primary sequence. 

Although de novo sequencing is a powerful tool it requires accurate mass 

measurements and high-quality MS/MS spectra. For this reason this technique is often 

limited to relatively small peptide and protein drugs [38] or combined with enzymatic 

digests to acquire high quality MS/MS-spectra [132,155]. Subsequently, the 

verification by a reference standard or other means (e.g., orthogonal analytical 

techniques or NMR) is required to corroborate the suspected sequence as 

demonstrated in the case of epitalon [39] and TB-500 [38]. 

 

4.2.2. Detailed MS rationale for the analyses of falsified proteins 

As mentioned in the general rationale strategy, a first rough identification of the 

identity may be obtained by the application of electrophoretic techniques through 

comparison of the migration profiles (see Figure 9). Afterwards, when there is a strong 

indication of the presence of known ‘traditional’ proteins, further analysis with a 

targeted approach by means of immunological assays (dot blot, western blot or ELISA) 

or LC-MS/MS method may suffice to identify these falsified proteins [141,156].  

However, when the initial screening by SDS-PAGE does give an indication of the 

identity of the falsified protein, a bottom-up MS/MS experiment is generally utilised. 

The two most popular ionization sources in protein analysis are ESI and MALDI. 

Specifically, the combination with a TOF mass spectrometer, as in MALDI-TOF/TOF, is 

a potent technique for the characterization of proteins due to the tendency of the 

MALDI ionization technique to generate monovalent ions and due to the large mass 

range of TOF-mass spectrometers. Nonetheless, only Jiang et al. [157] have described 

a methodology based on a MALDI-TOF/TOF mass spectrometer for the 

characterization of falsified recombinant hGH. Most of the described analysis methods 
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incorporate ESI based LC-HRMS and LC-MS/MS systems for the analysis of tryptic 

digests (bottom-up approach) and the analysis of the intact protein. Regarding the 

latter, only Vida et al. [143] described an identification protocol solely based on HRMS-

spectra. Additionally, all other case-reports used trypsin (and other proteases) to 

perform bottom-up analysis. The most popular separation technique coupled to the 

ESI-based systems is classical RPLC. Both HPLC, UHPLC and also in some cases nanoLC 

(offers higher sensitivity) were reported as LC-systems. The only exception for the 

analysis of falsified protein drugs was described by Vida et al. [143] who employed CE, 

a technique often used for the analysis of therapeutic proteins such as insulin (and 

analogues) [158]. Other separation techniques which can be envisaged for the analysis 

of therapeutic proteins are SEC, IEC, AFC, HIC and HILIC. The latter is often employed 

in 2D-separation with RPLC-systems and for the analysis of polar peptides such as 

glycopeptides or phosphopeptides. 

Consistently, with peptide analysis, identifications were performed via enzymatic 

digests, reference standards, in silico models, protein database searches and de novo 

sequencing. Particularly for unconventional falsified preparations, multiple 

identification approaches are used or combined. More specifically, Walpurgis et al. 

[138] used de novo sequencing and protein database searches to identify an unknown 

non-therapeutic fusion protein, Thevis et al. [136] made use of in silico models to 

identify full length MGF and Vanhee et al. [75] used western blotting (polyclonal anti-

IGF-I antibody), protein database searches and different enzymatic digests to identify 

EGF in an unknown preparation suspected to contain IGF. Tools often used are the 

cleavage of proteins with different proteases to increase the obtained sequence 

coverage or tools that enhance the signal to noise ratio such as molecular weight cut-

off filters, immunoaffinity purification and in-gel trypsin digestion. 

Although all the proteins that were identified in the presented case-reports (see Table 

2) were identified by elucidation of their primary structure, multiple (therapeutic) 

proteins contain PTMs (e.g., glycosylations) which may be essential or may alter their 
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biological functionality. Therefore, analytical methods have been proposed in 

literature for hCG [159], and for EPO in biological fluids regarding its use as doping 

agent [160]. Specifically, in the case of EPO, electrophoretic techniques, immunoassays 

and the analysis of glycans with IEC post selective enzymatic cleavage, were used to 

distinguish recombinant versions from endogenous EPO. Since PTMs have been 

reported to be essential for the functionality of a biological, other more pragmatic 

approaches such as the use of activity based assays and ligand-binding assays (e.g., 

surface plasmon resonance) may be envisaged for the functional analysis of falsified 

peptide and protein drugs next to the often complex and laborious direct analysis of 

PTMs [161]. 

 

4.3 Quantification of falsified peptide and protein drugs 

For the quantification of peptides and proteins both UV and mass spectrometry based 

quantification methods have been reported in the literature. However, the most 

frequently used methodology for the quantification of both falsified peptides and 

proteins appears to be UV-detection coupled to HPLC or UHPLC. Possible 

quantification wavelengths are within the range of 210-220 nm (absorbance by 

peptide bonds) and 254 nm and 280 nm (absorbance by aromatic structures). UV-

quantification of falsified samples was reported for multiple peptides (e.g., melanotan 

II, GHRPs, GH-RH analogue) [137,139] and somatropin [143]. Separation was achieved 

by classical RPLC or with CE for the quantification of somatropin. The only MS-based 

quantification methods for falsified peptide and protein drugs were reported for 

insulin and its different analogues [162].  
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5. Summary of case-reports regarding falsified peptide and 

protein drugs 

A literature search (see Table 2) for case-reports regarding the analysis of falsified 

peptide and protein drugs and a summary of the reports available for the members of 

the General European Official medicines control laboratories Network (GEON) on 

falsified medicines (see Table 4) also show a variety of preparations present on the 

black market. In general, two major groups of falsified peptide and protein drugs can 

be identified. 

 

A first group consists of unauthorized peptides and proteins (including those still 

undergoing clinical trials or labelled with a negative advice by regulatory agencies) 

such as the growth hormone releasing peptides (GHRP), the tanning peptides 

melanotan I and II and nootropic agents such as epitalon. All of them are used in most 

cases to attain a certain image or status solicited by society and are often purchased 

via rogue online outlets. To a lesser extent, different peptide and protein drugs such 

thymosin β4, GHRPs, hGH and human growth hormone releasing hormone analogues 

(hGH-RH analogues) such as CJC-1295 are suspected to be used as treatment for 

(chronic) joint and muscle injuries, as mentioned on internet forums discussing the use 

and administration of illegal peptides and protein drugs.  
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Table 4: Alerts of the generalized European OMCL Network (GEON) and the percentage of peptide 
and protein drugs per year between 2007-2017. The warnings represent what has been encountered 
in official medicines control laboratories (OMCL) and warnings of regulatory agencies of stolen 
medicines. Updates of previous alerts were not taken into consideration. 

Year % peptide and 

protein drugs  

Peptide and protein drugs 

2007 1.2% hGH 

2008 3.9% hGH, streptokinase 

2009 1.2% bacterial toxin 

2010 3.8% hGH 

2011 7.8% hGH secretagogues, melanotan, bacterial toxin, 

mechano growth factor 

2012 10.4% hGH, insulin like growth hormone, albumin, 

gonadotropins, mAbs 

2013 16.7% hGH, insulin like growth hormone, albumin, 

gonadotropins, mAbs, interferon  

2014 20.3% hGH, gonadotropins, mAbs 

2015 12.8% hGH, bacterial toxin, mAbs 

2016 18.6% hGH, bacterial toxin, EPO, mAbs, colony stimulating 

factor  

2017 9.5% hGH, mAbs 

 

The second group, comprising the more advanced biologicals such as therapeutic 

antibodies, require well-thought-out protocols, expensive equipment and experienced 

personnel due to the more specific requirements regarding the cloning, expression, 

secretion and purification of these therapeutic proteins. Therefore, it is not surprising 

that the majority of the advanced (engineered) biotechnology products belonging to 

the second group are generally found without an API or alternatively originate from 

theft and were illegally reintroduced into the legal supply chain. Literature reports and 

warnings of the FDA and GEON network show that falsified versions of the oncology 



Part I: Introduction 

 

62 

blockbusters bevacizumab, trastuzumab, ritixumab and adalimumab were detected in 

the legal supply chain in the US and throughout the EU [163–167] [168]. Criminals are 

probably drawn to these advanced therapeutics due to their impressive turnover, since 

all four mAbs are in the top 10 bestselling medicines in 2017, with adalimumab 

(Humira) being the number one bestselling drug in 2017 with a global turnover of 18.4 

billion USD [169]. 

 

5.1. Falsified synthetic peptide drugs 

5.1.1 Active pharmaceutical ingredient 

Most of the encountered falsified peptides described in case-reports relate to doping 

purposes or image enhancers. Particularly popular are the growth hormone 

secretagogues ipamorelin, GHRP-2 and GHRP-6, the anti-obesity peptide AOD-9604, 

hGH-RH analogues sermorelin and CJC-1295 and the tanning peptides melanotan I and 

II [170,171]. These findings coincide with the statistical data provided by Vanhee et al. 

(2015) and Hullstein et al. (2015) on the identity of seized falsified peptide drugs 

between respectively 2009 and 2014 (Figure 10) and 2011 and 2014 (Figure 11) 

[139,141]. In addition, other scientific literature with regard to doping substances, 

demonstrated the presence of multiple falsified peptides for doping usage on the black 

market[72,82,131]. 

 

 Melanotan II is mainly used for cosmetic reasons and to a lesser degree for weight 

loss, aphrodisiac and to counter skin conditions such as rosacea [172,173]. The GHRPs 

and hGH-RH analogues are used to secrete endogenous hGH. The main advantage of 

these peptides is the pulsatile release of hGH, which results in less side effects, 

compared to the steady increase when hGH is exogenously administered. In addition, 

their popularity might also be explained due to their lower cost compared to full length 

hGH. 
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Figure 10: Abundance of all positive falsified peptide and protein drugs in the samples seized in the period of 2009-2014 and their classification. 
(Edited from Vanhee et al. 2015) 
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Figure 11: Relative distribution of the identified falsified peptide and protein submitted for analysis 
from 2009 to 2014 in the Norwegian Doping control Laboratory.(edited from Hullstein et al. 2015) 

Multiple reports in the literature also mention the seizure of samples containing 

lyophilized powder without any API present [72,131,135,162,174]. Moreover, multiple 

reports mention the presence of other API’s or API’s with a different sequence than 

the proclaimed API [38,134,135,138,155]. Additionally, in cases where the correct API 

was present, samples were predominantly found to be under-dosed [137,139]. 

Another remarkable observation, is the presence of sometimes high numbers of 

samples without any labelling or indication of the respective content [131,135,174]. 

Moreover, most vials are shipped in envelopes or carton boxes without any medicinal 

leaflet or instructions on how to administrate these injectable drugs.  

Next to the lack of medical guidance, almost all of these peptides are unauthorized 

drugs. Only GHRP-2 is approved in Japan as a diagnostic agent to assess the 

functionality of the hypothalamus-hypophysis axis [175], while AOD-9604 has been 

granted the generally regarded as safe or GRAS-status in the USA [176]. The GRAS-
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status however doesn’t apply for parenteral administrations. The only authorized 

peptide, sermorelin, was approved in 1997 but is already withdrawn by the 

manufacturer from the market due to commercial reasons [177]. Other peptides such 

as epitalon, melanotan II and CJC-1295 have never successfully completed clinical 

trials.  

Although it is not straightforward to link adverse health or even toxic effects with the 

administration of these illegal injectables, multiple case-reports have reported 

sometimes serious side-effects associated with the use of these drugs [178,179]. In the 

case of the α-melanocyte-stimulating hormone analogues (melanotan I, melanotan II), 

Habbema et al. [172] have summarized in their review the putative dermatological and 

non-dermatological effect of these molecules. These reported non-dermatological 

effects included the development of sympathomimetic toxidrome and reversible 

encephalopathy syndrome. Moreover, four case-reports have described the formation 

of melanomas from existing moles during or shortly after the administration of these 

analogues. Although the growth hormone secretagogues (GHRP-2, GHRP-6 and 

ipamorelin) have been thoroughly assessed for their activity [170,171], the abuse of 

these anabolic peptides can lead to adverse clinical effects related to the abuse of hGH 

such as arrhythmia due to the high fatty acid levels, while reported chronic effects are 

the development of neurological and cardiovascular disorders and acromegaly [40,44]. 

In addition, since some of these peptides have not completed clinical trials (e.g., 

epitalon, CJC-1295) their potential health effects are unclear. 

 

5.1.2. Chemical impurities or contaminants 

Potential chemical impurities that might be present are modifications of the peptide 

itself (API-related impurities) and chemicals related to the synthesis process or 

contaminations with chemical substances due to low quality reagents and improper 

handling or storage [90]. 
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The first category comprises all impurities that are related to the original API. Possible 

modifications are oxidations, reductions, insertions or deletions of amino acids, 

incorporation of the wrong amino acid(s), truncations, racemization’s and the 

formation of aggregates [180]. Although impurities such as the insertion or deletion of 

amino acids and the incomplete removal of protection groups are impurities which 

find their origin in the synthesis of these peptides other impurities such as aggregates, 

oxidations, deamidations and succimide formations can also be formed due to 

improper handling and storage conditions. D’Hondt et al. [180] have made a 

comprehensive summarization of the possible related impurities in peptide medicines. 

Furthermore, for multiple peptide medicines (e.g., oxytocin, leuprorelin) several 

impurities have been identified in their respective monographs in the European 

Pharmacopeia [90,181].  

With regard to falsified synthetic peptide drugs, only one study described the presence 

of API-related impurities [137,182]. The first study, presented by Breindahl et al. [137] 

screened multiple samples of melanotan II, acquired via three different suspected 

illegal internet pharmacies, for API-related impurities via mass spectrometry and UV-

detection. For the first two outlets, API-related impurities were found to range 

between 4.1 and 5.9% while for the third outlet no impurities could be quantified via 

UV. The related impurities were however only relatively quantified, and not identified. 

 

Although it is generally acknowledged that most modifications in peptide drugs do not 

necessary affect the functionality or stability, some cases have demonstrated that 

even small changes may influence the drugs stability or activity. Moreover, even the 

change of one amino from the L to D-conformation can change the potency of the 

respective peptide when coupled to a receptor, while insertions or deletions of amino 

acids may even transform agonist /-antagonistic functionality. In even worse cases 

certain API-related impurities such as aggregates (dimerization) may induce toxic 

responses or immunological reactions [183,184]. For instance, in the case of the 
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GHRPs, ligand-receptor assays showed that incorporation of an amino acid at position 

1 increased the respective equilibrium constant (K)i. While for some GHRP’s without a 

C-terminal Lys no Ki could be established (loss of almost all affinity for the receptor). 

In addition, high Ki-values were measured for GHRP’s with a free carboxylic acid group 

at the C-terminus instead of the amidated C-term. Thus, an amidated C-term, a 0.9 Da 

modification, appeared to be relevant for the biological function of a molecule with a 

molecular weight of more than 800 Da [185]. Another remarkable observation is the 

(reversible) loss in biological functionality of oxytocin when it is present as a dimer 

[186].  

With regard to the second category, the process-related impurities or chemical 

contaminants information in the literature is quite scarce. No case-reports describe 

the presence of residual solvents, residual reagents, by-products and scavengers used 

during the chemical synthesis of peptides in falsified preparations. Only the presence 

of the polyol mannitol, detected via either LC-MS, GC-MS and/or infrared 

spectroscopy, was described by multiple reports [74,174,182]. This polyol is 

presumably used for its cryoprotective properties during freeze-drying or its usage as 

filler substance or cutting agent [187]. Nonetheless mannitol is generally well 

tolerated, clinical case reports have documented the occurrence of type I (anaphylaxis) 

and type IV hyper sensitivity reactions related to the use of mannitol [188,189].  

 

5.1.3. Biological impurities or contaminants 

Hence most of these illegal preparations are purposed for parenteral injection (a 

minority is also available for nasal administration), it stands to reason that the sterility 

of these preparations is mandatory. Although contaminations with fungi and/or 

bacteria are less likely in chemically synthesized peptides than in biologicals, due to 

the presence of solvents (e.g., Triton-X) and the continuous use of non-physiological 
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pH (during coupling and deprotecting functional groups), contaminations after the 

actual synthesis may present a critical point.  

Although no clinical cases have been reported regarding falsified synthetic peptides, 

severe cases of bacteraemia have already been reported for classical injectable drug 

users (e.g., narcotics) due to contaminated injection syringes [190]. Accordingly, 

falsified synthetic peptide drugs are sometimes delivered with injection material and 

bacteriostatic water which may or may not be bacteriostatic and/or devoid of 

microorganisms. 

Additionally, also related virulent substances such as endotoxins and exotoxins may be 

present in these samples. Although there are no reports in literature regarding 

contaminations of falsified synthetic peptides with toxins, it stands to reason that also 

pyrogenic substances (e.g., lipopolysaccharides and lipoteichoic acid) could be present 

in these preparations due to sterility issues. Pharmaceutical companies are obliged, in 

contrast to illicit internet pharmacies, to incorporate quality controls to demonstrate 

the absence of these pyrogenic substances due to the possible adverse health effects 

such fever, hypotension, multiple organ failure and, in severe cases, septic shock and 

death [191]. Accredited analytical techniques used to assess the putative pyrogenic 

potential of parenteral preparations are the rabbit pyrogen test (RPT), the Limulus 

amebocyte lysate assay (LAL) and its derivatives and the monocyte activation test 

(MAT) [191]. 

Other possible biological contaminations such as DNA, host cell proteins (HCP) and 

viral contaminations are unlikely to occur, but cannot be excluded seen the remarkable 

contaminants found in falsified samples in the past. 
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5.2. Falsified protein drugs 

5.2.1 Active pharmaceutical ingredients 

Traditionally, most active substances identified in falsified protein drugs seized by 

regulatory agencies such as hGH, hCG, EPO and growth factors are mainly used for 

their performance and/or image enhancing properties (see Table 2). In addition, 

insulin, although primarily known as anti-diabetic drug to maintain glucose 

homeostasis, is also sold and marketed on illicit forums for its anabolic properties 

[192]. Multiple reports in literature have described the abuse of these protein drugs in 

the doping circuit [72,82,83,193,194]. As mentioned before, in the last decade more 

advanced biologicals such as different blockbuster monoclonal antibodies have been 

falsified. Major oncology drugs such as adalimumab, trastuzumab, rituximab and 

bevacizumab are prone to falsifications and have been found in the legal supply chains 

in the USA, Western Europe, India, Western Africa, Northern-Cyprus and Turkey 

[36,37,65,166,195,196]. Analysis of the seized samples however showed that, in 

contrast to the earlier mentioned anabolic proteins, in most cases no API was found to 

be present. If the falsified samples contained the API, they mostly originated from 

stolen batches. In the latter case, reports mentioned the tampering with packaging 

and expiration dates and even described the presence of unknown liquids in some vials 

(while normally lyophilised powder should present) [165]. 

 

In addition, often unlabelled vials have been found to contain hGH, hCG, Fibroblast 

Growth Factor 1 (FGF-1) and Long-R³-IGF-I [72,131,197], while in other cases the wrong 

or no API was found [72,131,142,143]. In one specific case, as earlier mentioned, a vial 

proclaimed to contain IGF was found to contain EGF [75] and a vial claimed to contain 

the peptide CJC-1295 was found to contain insulin [162]. Other reports mentioned the 

presence of a protein suspected to be synthesized for biochemical assays rather than 

for therapeutic administration [197] and the presence of unauthorized protein drugs 
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that haven’t been subjected to preclinical and/or clinical trials [133,136]. Although 

scientific literature regarding the quality of falsified biologicals is quite scarce, a market 

study on hGH suggested sometimes severe degradation profiles and lower amounts of 

API than claimed [143]. 

The adverse effects of falsified biologicals were reported by Qureshi et al. [25] who 

described the case of adulterated erythropoietin vials in the USA, which were labelled 

with a claimed activity of 40 000 IU while the actual activity was only 2000 IU. The 

authors estimate that up to 110 000 patients were possibly treated with falsified EPO 

vials. The FDA only received detailed information of two patients which were treated 

with the adulterated vials. In both cases, a 17-year-old male which underwent a liver 

transplant and 61-year-old women suffering from recurrent breast cancer, the patients 

developed anaemia [25]. The underreporting of adverse health effects was also seen 

in the case of falsified Bevacizumab in the US, where the identification of adverse 

health effects due to the falsified biological is hampered due to its use in combination 

therapy [14].  

In the case of biologicals, even if the correct protein drug and claimed amount is 

present, end-users have no guarantee that the product will elicit an adequate 

biological response. For pharmaceutical companies, valid biological tests such as 

biochemical assays, cell-based biological assays or animal-based biological assays are 

essential to establish the functional quality of their product. Furthermore, since large 

(exogenous) complex molecules have been known to provoke immunological reactions 

(type I), immunochemical assays are preferred by regulatory agencies to establish the 

safety of new biological entities. Specifically, for antibodies it is deemed crucial to 

determine the affinity, avidity, immune reactivity and potential cross-reactivity [89]. 
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5.2.2. Chemical impurities and contaminants 

As mentioned previously, chemical impurities and contaminants can be divided in API-

related impurities and process-related impurities and/or contaminants. The 

information regarding either product or process-related chemical impurities and 

contaminants in falsified biologicals is however quite limited.  

In addition, the identification of product-related impurities in protein drugs is however 

not as straightforward as for traditional small molecule drugs and small peptides. Since 

proteins may have different isoforms due to RNA splicing and/or PTM’s during 

synthesis, the synthesis product may be a mixture of anticipated isoforms. 

Furthermore, product heterogeneity may also be formed during storage (e.g. dimer 

formations). For the approval of biologicals, manufacturers therefore have to 

characterize these isoforms and establish their batch to batch consistency. When 

necessary, separate safety and efficacy assays have to be performed for the different 

isoforms [89].  

As mentioned in Table 2, detected product-related impurities found were described 

by Kohler et al. [197] and Walpurgis et al. [133] who described respectively the 

presence of a C-terminal His-tagged Long-R³-IGF-I and a truncated or modified version 

of FGF-1 in black market products. In the former case, the authors mentioned the 

possibility that the C-terminal His-tagged product might be intended as a product for 

biochemical studies instead of a therapeutic agent due to the C-terminal His tag 

(instead of N-terminal). Other possibilities are evidently the incomplete enzymatic 

removal of the His6 tag. Other product-related impurities described in literature were 

the detection of a fusion protein [83] and a non-glycosylated form of follistatin 

[72,138]. The fusion protein is suspected to be the remains of expression system where 

the expression vector might not have contained the actual gene encoding the 

therapeutic protein of interest. Correspondingly, the non-glycosylated follistatin might 

also be the result of a faulty expression. For instance, instead of a suitable glycosylating 
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expression system, a bacterial expression might have been used. Product-related 

impurities are evidently not exclusively related to faulty expressions, but also possibly 

induced during the handling or storage, such as described in the case of hGH [143,157]. 

Whether these related impurities would affect the functionality and safety of these 

products remains to be seen, and would at least require the thorough testing by means 

of in vitro biochemical assays and preferably more complex assays (e.g., tissue level 

and in-vivo testing). Nonetheless, some product-related impurities in falsified 

authorized protein drugs might pose a significant health risks. For instance, one of the 

degradation patterns in hGH and insulin is the formation of aggregates which are 

known to induce immune responses (allergic reaction, cross reactivity of Ab to native 

protein drug and even endogenous proteins) [198,199]. In extreme cases, parentally 

administered aggregates of therapeutic protein drugs (e.g., immunoglobulins) have 

even resulted in anaphylaxis [200]. 

To the best of our knowledge, no reports in literature have mentioned the presence of 

chemical ‘small molecule’ process-related impurities such as inducers (e.g., IPTG), cell 

substrates and antibiotics (e.g. kanamycin, streptomycin) or contaminations (e.g., 

heavy metals, solvents, inorganic material). Only in the case of falsified Avastin in 2012 

analysis by Roche demonstrated next to the absence of the API, the presence of corn 

starch, salts and the solvent aceton [14]. 

 

5.2.3 Biological impurities and contaminants 

As for chemical impurities, the information on biological impurities is quite scarce. 

Nonetheless, it stands to reason, that in contrast to synthetic peptides, biological 

process-related impurities are potentially a larger issue in biologicals. 

Regarding contaminations with microorganisms, one case report in Mexico described 

the presence of a fungus, Scytalidium Sp., in a closed vial of bevacizumab while another 

report described the presence of virulent strains of E. coli and Citrobacter in falsified 
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bevacizumab [201]. In the latter case, 21 patients were injected (intravitreal) with the 

falsified preparations in 2 Iranian hospitals. The incident resulted in an outbreak of 

fulminant endopthalmitis. Despite the treatment with antibiotics, and for the majority 

of the patients also surgical pars plana vitrectomy, multiple patients suffered from a 

serious decrease in vision [15]. 

In another case in 2010, demonstrating the potential adverse effects of endotoxins, 80 

patients (of 116 originally injected from three different vials) developed 

endophtalmitis after intravitreal injections of bevacizumab in a public hospital in China. 

All affected patients were treated with antibiotics, anticorticosteroids and surgical 

procedures. All microbiological cultures were negative for bacteria and fungi. Analysis 

for endotoxins however resulted in a concentration of 36 EU/mL (Limit: 2 EU/mL). The 

authors referred to this as “endotoxin-induced ocular toxic syndrome”. Only 63 

patients regained pre-injection vision after treatment [202]. 

Although no data is available on viral contaminations in falsified medical products, viral 

contaminations in genuine biologicals (including vaccines) have been reported and are 

probably more common than documented [203]. Potential sources are contaminations 

due to improper handling, plasma-derived proteins and enzymes from mammalian 

sources, xenotransplantation and animal-based additives (e.g., bovine serum albumin) 

[204]. It may be presumed that the two most important sources are the improper 

handling of medical products and the use of low quality (non-sterile) reagents, 

substrates or additives. Analytical techniques to detect viral contaminations in 

injectable pharmaceutical preparations are cell based assays, PCR and sequencing 

[205]. 

Next to endotoxins/pyrogens, toxins, viruses and virulent microorganisms also the 

presence of remnants of the expression system such as primarily residual DNA and HCP 

in falsified preparations might result in adverse clinical outcomes. Up until now 

however, no scientific reports have described the presence of these impurities. Factors 

which affect the presence of HCP are the type of expression system, manner of 
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expression (periplasm vs extracellular) and the purification process. Nonetheless, all 

foreign substances should be seen as potential immunogenic, whether present HCP 

may effectively induce an immune response depends on the amount of the present 

HPC, route of administration, factors enhancing the immunogenicity of the present 

HCP (e.g., size, complex structure, presence of degraded forms) and the 

sensitivity/state of the immune system [206]. A generally acknowledged limit for HCP 

in biologicals is 100 ng/ml or ng/mg. Nonetheless, this limit does not incorporate the 

type of HCP present. Indeed, for particular HCP such as proteases, lower limits might 

be required due to the potential adverse effects on drug stability and functionality 

[207,208]. The determination of HCP in biologicals is mainly performed by means of 

immunological assays (e.g., western blot, ELISA) and mass spectrometry. Possible 

adverse clinical effects due to residual DNA stem from the theoretical risk of potential 

oncogene and infectious retroviral or viral genome sequences which may result in 

oncogenicity and infectivity[209]. In addition, the presence of bacterial DNA (high CpG 

content and unmethylated sequences) may induce immunogenic reactions [210]. 

Hence, limits for the content and size of residual DNA of respectively 10 ng/dosage and 

200 base pairs have been suggested [211]. Potential techniques for the determination 

of residual DNA are evidently PCR and sequencing [210]. 
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Chapter 3: Aims 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Falsified medical products have been widely recognized by national and international 

regulatory agencies as a global threat to public health and the healthcare sector. The 

vast amount of reported adverse side effects due to administration of fake medicines, 

with even sometimes lethal outcomes, have prompted national and international 

agencies to set up (global) initiatives to identify these false preparations, monitor their 

proliferation and curtail the production, trafficking and promotion of these illegal 

preparations. 
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However, it stands to reason that the inclusion of less repressive measures, to increase 

the awareness and resilience of ‘patients’ will presumably have more effect than a 

strategy solely based on attempting to put the genie back into the bottle. Therefore, 

the characterization and subsequent dissemination of potential hazards related to the 

use of falsified medical products to the broader public is paramount to counter the 

spread of falsified medical products. 

Although the bulk of falsified medical product encloses mainly ‘small molecule’ drugs, 

also peptide and protein ‘medicines’ have become important targets. Due to their 

distinct characteristics, different synthesis pathways and manner of administration, 

these products may constitute specific health risks. In addition, knowledge in the 

literature regarding the active substance, product and process related impurities and 

potential contaminations in this type of falsified medical products is rather scarce.  

 

To this end, the main objective of this thesis, is to identify the potential (bio)chemical 

dangers related to the use of these falsified peptide and protein drugs in order to 

generate more public awareness. In order to do so, several research questions were 

formulated: 

 

1) Which putative chemical hazards are a potential threat for public health in falsified 

synthetic peptide drugs? 

Multiple chemical impurities and or contaminations may be presumed to be present 

in falsified peptide drugs. These chemicals may be either product-related and/or 

process-related or originate from contaminations. In some cases, these 

impurities/contaminants may be toxic or negatively affect the functionality/stability of 

the active substance. To this end, multiple screening techniques have to be developed 

and employed on a representative sample set to acquire an overview of potential 

public health issues in these falsified preparations. However, it stands to reason that a 
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wide range of chemical hazards may be detected in these preparations. Therefore, the 

main question was divided in two sub questions targeting 1a) the selection and 

validation of an alternative screening technique for the API and API-related impurities 

in falsified preparations 1b) the impurity profiling of all chemical impurities and/or 

contaminants in a representative sample set. Since falsified peptides are more 

frequently encountered than proteins, this section focuses on falsified peptides. 

 

1a) Is hydrophilic interaction liquid chromatography (HILIC) a feasible 

(complementary) alternative for classical RPLC for the detection, 

identification and quantification of falsified peptide drugs? 

Nonetheless, RPLC has been established in the past as a potent separation 

technique for the bulk of the falsified peptide drugs and API-related impurities 

on the (black) market, the emergence of (more) polar therapeutic peptides 

requires the use of other separation techniques. Since HILIC is envisaged for 

the separation of polar analytes and claimed to be orthogonal to RPLC, 

multiple HILIC stationary phases were selected and tested for their 

applicability regarding the detection, identification and quantification of 

falsified peptide drugs. 

  

1b) Which chemical process-related impurities and or contaminants are 

potential issues in falsified synthetic peptide drugs? 

Expected impurities in falsified peptide drugs are evidently product-related 

impurities due to faulty synthesis (e.g., synthesis artefacts) or due to 

degradation (e.g., aggregates), impurities derived from the synthesis process 

(e.g., residual solvents) or contaminations due to inadequate handling and/or 

storage or derived from equipment of low quality reagents. 

Moreover, due to the rogue nature of these samples, hazardous chemicals 

such as glass particles, glue, paint thinner and other aberrant impurities or 
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contaminants may be present in these samples. Therefore, a sample set 

comprising the most frequently encountered falsified peptide drugs was 

screened for the presence of chemical hazards by means of a multitude of 

different analytical screening tools. 

 

2) Are contaminations with microorganisms an issue in falsified peptide and protein 

drugs? 

Multiple reports in the literature have already described individual case-reports were 

potential sterility issues were suspected. In addition, other case-reports linked adverse 

health effects to contaminations with bacteria and fungi. It stands to reason that 

injectable drugs are subjected to quality standards regarding the presence of 

(potentially virulent) microorganisms. To this end, a representative sample set of 100 

falsified peptide and protein drugs were screened for the presence of microorganisms. 
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Chapter 4: Outline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The structural outline of the experimental work in this dissertation is divided in to 

separated stand-alone chapters, based on a specific research question formulated in 

the objectives. Each chapter comprises an introduction specified for the content of 

each chapter, a material and methods section, results and discussion and a concise 

conclusion. All of the chapters (excluded chapter I) are based on A-1 peer-reviewed 

manuscripts. 
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The experimental section starts in chapter 5 with the testing and subsequent 

development of an analytical technique, complementary to classical RPLC, to identify 

and quantify the API and putative product-related impurities of the most frequently 

encountered peptides seized by regulatory agencies. To this end, five different HILIC 

columns, with different stationary phases were selected and tested by means of 

experimental design with a sample comprising of different peptides, often 

encountered in seizures by regulatory agencies. The chromatographic performance of 

all five columns was evaluated by means of different single and multiple 

chromatographic responses. Thereafter, the selected column and conditions were 

refined and validated for the identification of multiple peptides via mass spectrometry 

and quantification via UV-spectroscopy. 

 

In chapter 6, a representative sample set was tested for the presence of active 

substances and potential chemical impurities and/or contaminations. The sample set 

consisted of the ten most frequently encountered seized falsified peptides on the 

Belgian market acquired via three suspected internet pharmacies. The identification of 

the API and possible API-related impurities was performed via RPLC-MS and HILIC-MS. 

Residual solvents and elemental impurities were analyzed by means of GC-MS with a 

headspace autosampler and ICP-MS. In addition, all samples were screened with LC-

MS and GC-MS for the presence of small molecule contaminants. 
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Subsequently, in chapter 7, potential sterility issues with falsified peptide and protein 

drugs were verified with the systematic screening of 100 peptide and protein drugs, 

comprising 60 peptide samples acquired via internet and 40 samples originating from 

real-life seizures by Belgian authorities. All samples were analyzed by direct inoculation 

of the culture medium, as stipulated by the European Pharmacopeia. The subsequent 

(preliminary) identification of the microorganisms was performed via a MALDI-TOF 

biotyper and corroborated via PCR. Correspondingly, also putative virulence was 

assessed by PCR. 
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Abstract 

The black market for falsified peptide and protein drugs comprises a variety of 

different types of peptides and protein drugs. Last decade, small unauthorized 

peptides (< 5kDa), used mainly as image-or performance enhancer, have become 

increasingly popular. Therefore, multiple analytical techniques based on RPLC have 

been developed in the past to identify (and quantify) these active substances in 

falsified preparations. The emergence of more polar peptides, and limitations of 

existing RPLC-methods (e.g., co-elution of multiple peptides) however, required the 

introduction of orthogonal/complementary separation techniques. Hence, HILIC, 

described in the literature as a valuable alternative to RPLC, was tested as a suitable 

separation technique and subsequently developed and validated for the identification 

via mass spectrometry and quantification via UV-spectroscopy of falsified peptide 

drugs. To this end, five different HILIC columns were tested, via experimental design, 

as an alternative methodology with a representative sample set of small peptides 

frequently encountered in seizures by regulatory agencies. Thereafter, the most 

performant column, a ZIC HILIC, was selected and further refined and validated via 

accuracy profiles. 

The acquired method was able to detect and quantify all peptides in a time span of 35 

minutes (including on-line cleaning step and post gradient equilibration). Combined 

with a previously developed RPLC-method, the ZIC HILIC system allows for the 

detection and quantification of a wide spectrum of illicit peptide drugs available on the 

internet. 
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Chapter 5: Analysis of illegal peptide drugs 

 via HILIC-DAD-MS 

 

 

 

 

 

 

1. Introduction 

The assortment of falsified peptide and protein drugs on the black market ranges from 

‘traditional’ doping-related substances such as EPO and hGH, to unauthorized 

‘engineered’ peptides and advanced biologicals for immunotherapy [1–7]. Notably 

popular however, are lyophilised peptides with a molecular mass lower than 5 kDa, 

readily available on the internet and often used as cosmetic or to enhance sports 

performance [2,6].  

For this reason, our research group developed in 2015 a general screening method to 

detect and quantify these illicit peptide drugs in preparations seized by customs and 

other legal agencies [6]. Although this methodology worked fine for most of the 

peptides of interest, the method was not able to separate the peptides GHRP-2 and 



Part III: Results and discussion 

 

116 

leuprorelin. Furthermore, the early elution of the very popular tetrapeptide epitalon 

was incompatible with any RP-LC-based quantification. 

Hence, we set out to develop an alternative method for the analysis of these frequently 

encountered peptides based on HILIC coupled to mass spectrometric detection and 

UV-spectroscopy. 

HILIC was first described in literature by Alpert in 1990, as a separation technique for 

polar molecules such as peptides, carbohydrates and nucleic acids, which involves a 

mildly polar to polar stationary phase with a mobile phase composed of a mixture of 

organic and aqueous solvents [8]. Although HILIC has been studied extensively in 

recent years, the retention mechanism is not completely clarified. Retention is said to 

be based, on the partitioning of hydrophilic substances between a stagnant aqueous 

layer imposed on the hydrophilic stationary phase and a more hydrophobic organic 

phase. Other interactions such as hydrogen bonding, ionic interactions and even Van 

der Waals effects have also been suggested to contribute to the retention. To add to 

the complexity, all interactions have been found to be dependent on the type of 

stationary phase, the solute, the amount of organic phase in the eluent and the 

presence of additives and salts in the eluent [9–12]. Since the recent increase in 

popularity of HILIC methodologies, many different stationary phases have been 

developed. Next to the variety in standard bare silica columns, different chemical 

modifications such as amine, amide, diol and zwitterionic functional groups have been 

introduced to enhance and alter selectivity and retention for different polar analytes. 

Therefore, we set out to test the performance of five different HILIC columns via 

experimental design with nine peptides frequently encountered by Belgian customs. 

The selected columns comprised an unmodified silica column (CORTECS HILIC), a 

modified silica column (BEH HILIC), a HILIC column with amide functionalities (BEH 

HILIC Amide) and two HILIC columns with zwitterion functionalities (ZIC HILIC and ZIC-

c HILIC). The most suitable LC-system was selected, subsequently refined and validated 

for the detection via MS and quantification with UV via a diode array detector (DAD). 



Part III: Results and discussion 

 

117 

2. Material and methods 

2.1 Reagents and standards 

2.1.1 Reagents 

Acetonitrile (HPLC and MS-grade) was purchased from Biosolve (Valkenswaard, the 

Netherlands). Formic acid (ACS and Ph.Eur. reagent) and aqueous ammonium formate 

(10 M solution, ACS reagent) were obtained from respectively Merck (Darmstadt, 

Germany) and Sigma Aldrich (St. Louis, USA). A MilliQ-Gradient A10 system (Millipore, 

Billerica, MA, USA) was used to prepare deionized water (ρ=18 MΩ cm, TOC < 4ppb) 

A 1.0 M and 0.1 M ammonium formate buffer were prepared by diluting a 10 M 

ammonium formate 10, respectively 100, times with deionised water and subsequent 

acidification to pH 3.0 with formic acid.  

 

2.1.2 Standards and stock solutions 

The certified reference standards of GHRP-6 acetate (batch BCBM2185V, purity ≥ 

97%), ipamoreline acetate (batch 065M4736V, purity ≥ 99.6%), melanotan II acetate 

salt (batch 091M4715V, purity ≥ 99%) and growth hormone releasing factor 1-29 

amide human (batch LI0776, purity ≥ 98%) were purchased from Sigma Aldrich (St. 

Louis, USA). GHRP-2 (batch hor271b, purity 98%) was purchased from Prospec-bio 

(Rehovot, Israel). Oxytocin (batch 5.0, purity 98%) and leuprorelin (batch 5.0, purity 

99%) were European Pharmacopoeia reference standards (Strasbourg, France). 

Epitalon (batch 100611.1, purity ˃ 98%), AOD-9604 (batch 100611.2, purity ˃ 95%) and 

CJC 1295 without DAC (batch 100611.3, purity ˃ 97%) were custom synthesised by 

Thermo Fisher Scientific (Waltham, USA). Illicit preparations of the different 

polypeptide drugs which could be used as drugs for subcutaneous injections were 

acquired via internet as research chemicals. From here on they will be referred to as 

non-certified reference standards. 
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Individual stock solutions of the certified and non-certified reference standards were 

made by solubilising the lyophilised peptide with deionized water to obtain stock 

solutions with a concentration of 2, 5 or 10 mg/ml. Corrections for purity were made 

when necessary based on the labelled purity for the certified reference standards. 

Subsequently, the stock solutions were partitioned in different aliquots and stored at 

minus 20°C for maximum 12 months. 

 

2.2 HILIC column testing 

2.2.1 Sample set 

During the method development, certified reference standards of oxytocin and 

leuprorelin were used while GHRP-2, GHRP-6, ipamorelin, epitalon, CJC-1295, 

sermorelin and melanotan II were non-certified reference standards. Table 1 contains 

information on the sequence, molecular weight and pI of the peptides of interest. 

All non-certified reference standards were subjected to RPLC-DAD-MS/MS analysis to 

verify the identity and relative LC-purity, as described by Vanhee et al. (2015). Only 

non-certified reference standards for which no API-related impurities could be 

detected with UV (S/N >3.3) were withheld for the testing of the different HILIC 

systems. Peptides with a molecular weight above 1.5 kDa (AOD-9604, CJC-1295 and 

sermorelin), were subjected to tryptic digests to enhance sequence coverage (> 95%) 

in parallel to the top-down analysis. 
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Table 1: Peptides with molecular weight, sequence, pI and specific modifications 
 (*) Approximate pI; Nal: naphtaline, Aib: amino butyric acid, Pyr: pyroglutamic acid,Et: ethyl, Ac: acetyl, Nle: Norleucin 

Peptides Monoisotopic 

MW (Da) 

Sequence # Basic AA pI(*) Remarks 

AOD-9604 1813.9 YLRIVQCRSVEGSCGF 2 7.53 C-C bridge :7-14 

CJC-1295 3365.9 Y(d-A)DAIFTQSYRKVLAQLSARKLLQDILSR-NH2 5 10.83  

Epitalon 390.1 AEDG 0 3.29  

GHRP-2 817.4 (d-A)(d-2-Nal)AW(d-F)K-NH2 1 9.69  

GHRP-6 872.4 H(d-W)AW(d-F)K-NH2 2 9.72  

Ipamorelin 711.4 Aib-H-(d-2-Nal)-(d-F)K-NH2 2 9.72  

Leuprorelin 1208.6 Pyr-HWSY(d-L)LRP-NHEt 2 8.74  

Melanotan II 1023.5 Ac-Nle-cyclo[(β-D)-H(d-F)RW-(ε-K)]-NH2 2 10.06 Cyclic peptide 

Oxytocin 1006.4 CYIQNCPLG-NH2 0 8.13 C-C bridge: 1-6 

Sermorelin 3355.8 YADAIFTNSYRKVLGQLSARKLLQDIMSR-NH2 5 10.83 amidated C-term 
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2.2.2 Sample preparation 

From the individual peptide stock solution of 2, 5 or 10 mg/ml, respectively 30, 12 or 

6 µl was accurately transferred with 2 µl 1 M ammonium formate pH 3.0 into a 1.5 ml 

eppendorf. Subsequently, 8, 26 or 32 µl of deionised water was added to obtain a final 

volume of 40 µl of aqueous solution followed by 160 µl ACN to obtain a 0.3 mg/ml 10 

mM ammonium formate 80% ACN mixture. All solutions were centrifuged for 15 

minutes at 20x103 x g, prior to injection.  

 

2.2.3 Instrumentation 

Method development was carried out with an Acquity UPLC system (Waters, Milford, 

MA, USA) consisting of a binary solvent manager and a sample manager, coupled to a 

DAD. Detection of the peptides was performed by recording the absorbance at 214 nm 

and processed using Waters Empower™ 3 Citrix software. The sample manager was 

kept at 10°C and the injection volume was set at 5 µL. Acetonitrile, deionised water 

and 100 mM ammonium formate pH 3.0 (80:10:10, v/v/v) composed mobile phase A 

whereas mobile phase B was comprised of acetonitrile/deionised water/100 mM 

ammonium formate pH 3.0 (40:50:10, v/v/v). The gradient consisted of isocratic 

elution for 2 minutes at 100% A followed by a linear gradient to 100% B in 10 minutes 

and isocratic elution at 100% B for 3.0 minutes before returning to initial conditions in 

0.5 minutes. Post-gradient equilibration was performed by maintaining 100% A for at 

least 7.5 minutes after each injection. 
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2.2.4 Full factorial design 

Five HILIC columns with different stationary phases were selected: the CORTECS HILIC 

(100 x 2.1 mm, 1.6 µm, 90 Å, unmodified silica), the BEH HILIC (100 x 2.1 mm, 1.7 µm, 

130 Å, modified silica) and the BEH HILIC Amide (100 x 2.1 mm, 1.7 µm, 130 Å, amide 

chemistry) all from Waters (Milford, MA, USA) and the ZIC®-HILIC (100 x 2.1 mm, 

3.5µm, 100 Å, sulfoalkylbetaine functional group) and ZIC®-c HILIC (100 x 2.1, 3.0 µm, 

100 Å, fosforylcholine functional group) obtained from Merck (Darmstadt, Germany).  

 

All HILIC columns were evaluated at four different flow rates (0.2 ml/min, 0.3 ml/min, 

0.4 ml/min and 0.5 ml/min) and three different temperatures (30°C, 40°C, 50°C). The 

CORTECS and BEH HILIC from Waters were however limited to 45°C and therefore only 

tested at 30 and 40°C. For every combination and all peptides, the chromatographic 

parameters resolution (Rs) and symmetry factor (As) were calculated using the 

following formulas described by the European Pharmacopoeia:  

 

𝑅𝑠 =  
1.18 ∗ (𝑡𝑅2 − 𝑡𝑅1)

𝑤ℎ1 + 𝑤ℎ2
 

and  

𝐴𝑠 =  
𝑤0.05

2𝑑
 

 

with tR1 en tR2 being the retention times along the baseline from the point of injection 

to the perpendiculars dropped from the maximum of the two adjacent peaks, wh1and 

wh2 the peak widths at half height, w0.05  the peak width at one-twentieth of the peak 

height and d the distance between the perpendicular dropped from the peak 

maximum and the leading edge of the peak at one-twentieth of the peak height [13]. 

The influence of flow and temperature on the two response variables (Rs and As) was 

evaluated by regression analysis with the least favourable Rs and As for each different 
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temperature and flow combination. Subsequently, surface plots were constructed to 

gain a visual image of the effect of the two factors on the respective response variable 

with the following general equation: 

 

𝑍 = 𝐴𝑥² + 𝐵𝑦² + 𝐶𝑥 + 𝐷𝑦 + 𝐸𝑥𝑦 + 𝐹 

 

with Z the estimated value of the response variable, x and y the respective coordinates 

of the flow and temperature and A,B,C,D, E and F as the regression coefficients. 

The multiple responses, peak capacity (PC) and chromatographic response function 

(CRF), were calculated for the most favourable column, temperature and flow 

combinations pinpointed by the constructed surface plots with the following formulas: 

 

𝑃𝐶 = 1 +  
𝑡𝑔

1
𝑛⁄ ∗ ∑ 𝑤𝑖

𝑛
𝑖=1

 

and 

𝐶𝑅𝐹 = 𝑎 ∗ ∑ 𝑅𝑠𝑖 + 𝑏 ∗ (𝑡𝑔 − 𝑡𝑟,𝑝)
𝑛−1

𝑖=1
 

 

with tg being the total gradient time, n the number of peptides, w the peak width at 

13.4% of the peak height and tr,p as the retention time of the last eluting peptide. For 

the calculation of the CRF function the constants a and b were set to respectively 1 and 

0.4. More weight was given to the resolution term, since the total gradient time of 15 

minutes was deemed as performant enough for the separation of illegal unknown 

peptide preparations. Furthermore, a complete separation of all peptides was 

necessary for the quantification via UV-detection. 
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2.3 Screening method 

2.3.1 Sample set and sample preparation 

Only certified reference standards were used for the development and validation of 

the screening method. The obtained stock solutions were diluted with acetonitrile, 

milliQ-water, formic acid and 1 M ammonium formate pH 3.0 to obtain a mixture of 

80:20, v/v acetonitrile/water 10 mM ammonium formate acidified to 2% (v/v) formic 

acid. Subsequently, all solutions were centrifuged for at least 15 minutes at 20x103 x 

g. 

 

2.3.2 Instrumentation 

For the identification of the different peptides, all samples were analyzed via LC-MS² 

using a Dionex UltiMate 3000 Rapid Seperation LC (RSLC) system (Thermo Scientific, 

Sunnyvale, CA, USA) coupled to an amaZon™ speed ETD mass spectrometer (Bruker 

Daltonics, Bremen, Germany). Chromatographic separation was performed at 45°C on 

a ZIC®-HILIC column (100 x 2.1 mm, 3.5µm, 100A°). Mobile phase A was the same as 

mentioned in 2.2.3 but mobile phase B consisted of acetonitrile/deionised water/100 

mM ammonium formate pH 3.0 (10:80:10, v/v/v). The modified gradient consisted of 

an initial isocratic step at 100% A held for two minutes, prior to a linear decrease to 

40% A in 15 minutes and 3 minutes’ isocratic elution at 40% A, after which on-line 

cleaning was performed by a further decrease to 20% B in 3 minutes and holding the 

latter conditions for 2 minutes. Post-gradient equilibration was performed by 

maintaining 100% A for 10 minutes, thus resulting in a total run time of 35 minutes. 

The flow rate and injection volume were respectively set to 0.27 ml/min and 1 µL. Mass 

spectrometer settings, with exception of the mass range which was narrowed to 300-

1200 m/z, were similar to the ones described by Vanhee et al (2015).  
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Fragmentation was obtained via CID with helium as collision gas, while MS and MS² 

data-analysis were performed with Compass® Data analysis 4.2 and Biotools® 3.2 

software (Bruker Daltonics, Bremen, Germany). 

 

2.3.3 Validation 

The developed screening method was evaluated for the essential validation 

parameters selectivity and sensitivity. To evaluate the sensitivity of the method, the 

limit of detection (LOD) of all ten peptides of interest were experimentally determined 

by serial dilutions as the concentration for which the signal to ratio reached a value of 

3.3.  

In addition, it is required for the identification of peptides that the respective method 

is able to correctly identify and distinguish the peptides of interest from each other 

and from matrix ingredients. This has to be demonstrated for a certain concentration 

level, the screening detection limit (SDL), for which the respective peptide can be 

correctly identified in 95% of the samples [14]. The SDL was set at a concentration of 

10 µg/ml to demonstrate the necessary selectivity and sensitivity. Hereto, individual 

solutions were made of each peptide with a spiked matrix containing 150 mM NaCl, 10 

mM Sodium Phosphate pH 7.0, 0.02% PEG 4000 and 5% sucrose and compared to the 

same solutions without matrix. For the identification of the individual peptides in blank 

samples and with matrix, the same protocol was followed as described by Vanhee et 

al. 2015, namely a minimum of five identifications points (IP) was required for a 

positive identification. Primarily, for a matching MS-spectrum one IP was attributed, 

thereafter each corresponding MS² fragment ion counts for 1.5 IP. 
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2.4 Quantification method 

2.4.1 Sample set and sample preparation 

All peptides used were certified reference standards and the sample preparation was 

performed in the same manner as mentioned in 2.3.1. 

2.4.2 Instrumentation 

The same instrumentation was used as described in 2.2.3, namely an Acquity UPLC 

system (Waters, Milford, MA, USA) consisting of a binary solvent manager and a 

sample manger, coupled to a photodiode array detector. The sample manager was 

kept at 10°C and the injection volume was set at 2.5 µL. Chromatographic separation 

of all peptides was obtained with the same gradient, column and mobile phases as 

mentioned in 2.3.2 at a flow rate of 0.27 ml/min and a column temperature of 45°C. 

Quantification was performed by measuring the absorbance 277 nm, except for 

epitalon which was measured at a wavelength of 214 nm. 

 

2.4.3 Validation 

2.4.3.1 Limit of quantification 

The limit of quantification or LOQ was determined as the lowest level of concentration 

where accuracy and precision could be demonstrated (see section 2.4.3.3). 

Furthermore, the LOQ had to have at least a signal to noise ratio of ten, and was also 

taken as the lowest point of the calibration curve. 

 

2.4.3.2 Linearity of the calibration curves and matrix effect 

Linearity was assessed at concentrations ranging from 50 or 100 µg/ml to 500 µg/ml 

by applying least square regression analysis. Adequate linearity was achieved when 

the regression coefficient (r) and goodness-of-fit coefficient were equal or above 0.99 

and below 10%, respectively.  
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Non-linearity was tested with a Mandel’s fitting test, evaluating whether a quadratic 

regression model fits better than a linear regression model [15]. Hereto, an ‘F-value’ 

was calculated with the following equation, 

 

𝐹 =  
(𝑛 − 2)𝑆𝑦1

2 − (𝑛 − 3)𝑆𝑦2
2

𝑆𝑦2
2  

 

With Sy1 and Sy2 the standard errors of respectively the linear and quadratic regression 

model. Subsequently, the ‘F-value’ was compared against a tabulated F-value with 

corresponding F-distribution with 1 and n-3 degrees of freedom and a probability of 

99% [15]. 

Putative matrix effects were evaluated by performing a t-test on the slope of the 

calibration curves of individual peptides with the matrix described in 2.3.3 and without 

matrix. All injections were performed in triplicate. 

 

2.4.3.3 Trueness, accuracy, precision and uncertainty 

Validation was performed via the total error approach according to the ISO 17025 

guideline [16–18]. Through this approach, it is possible to calculate trueness, accuracy 

and precision and estimate the total error and uncertainty of the developed method. 

Hereto, spiked samples were daily made in triplicate at three concentrations (50 or 

100 µg/ml, 300 µg/ml and 500 µg/ml) and analysed for at least three consecutive days. 

The predefined acceptance limits [-λ,λ], to construct the accuracy profiles, were set to 

±20%. 

Acceptance criteria for the validation were derived from the guideline of the United 

Nations (UN) on the validation of analytical methods for the detection and 

quantification of illicit drugs in seized samples [19]. 
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3. Results and discussion 

3.1 Column testing 

3.1.1 Analysis of non-certified peptides 

Most of the peptides drugs such as epitalon and CJC-1295 are not permitted in the EU 

due to possible detrimental health effects or are currently undergoing clinical trials. 

Therefore, it proofed to be difficult to obtain analytical standards of the different 

peptides. Therefore, non-certified standards were obtained via internet. The non-

certified peptide references were analysed by LC-MS² and LC-DAD to evaluate their 

identity and purity. All peptides were positively identified with the screening method 

developed by Vanhee et al. (2015). In addition, for the peptides AOD-9604, sermorelin 

and CJC-1295, tryptic digests were performed to achieve a greater sequence coverage 

(> 99%) confirming their entire sequence (data not shown). Except for the presence of 

mannitol, no significant contaminations or non API-related impurities were found. The 

relative peptide-purity of all peptide preparations was calculated by dividing the area 

of the extracted ion chromatogram of the API through the total area of the 

chromatogram. The area of mannitol was not included in this calculation. All calculated 

peptide-purities were found to be above 90%, and no contaminations or impurities 

with a signal to noise ratio higher than three were seen on the UPLC-DAD 

chromatogram at 214 nm. During column testing however, the non-certified reference 

of oxytocin showed degradation (dimer formations and deamidations) in the UV-

chromatograms. Therefore, it was replaced by a certified analytical standard from a 

known chemical vendor (EDQM, see 2.1.2). No degradation products were 

encountered during column testing for the other peptides. 
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3.1.2 Experimental design 

Since various types of HILIC stationary phases are currently available on the market, a 

selection was made to narrow down the search for a suitable HILIC column. Both bare 

silica and stationary phases with zwitterionic functionalities were frequently 

mentioned in recent literature regarding the analysis of peptides [9,20,21]. In 

particular, the ZIC HILIC and ZIC-c HILIC were regularly mentioned as promising HILIC 

columns in the field of proteomics and glycoproteomics [22,23]. Furthermore, an 

extensive study, utilising a peptide set with varying molecular weights and pI, showed 

that the best results were obtained with the bare silica column and ZIC HILIC columns 

[24]. Based on these findings, we selected the ZIC HILIC and ZIC-c HILIC from Merck 

and two bare silica originating from Waters namely the Bridged Ethylene Hybrid (BEH) 

HILIC and the more recent CORTECS HILIC. The ZIC HILIC and ZIC-c HILIC are silica based 

columns modified with respectively sulfobetaine and phosphorylcholine as functional 

groups. The BEH HILIC column contains unbound porous particles which have been 

hybridized via ethylene crosslinking which yields enhanced mechanical strength and a 

lower amount of residual silanol groups. In contrast the CORTECS, a more recent type 

of bare silica column, employs solid-core particles without any ligand or charge 

manipulations, possesses a high silanol activity. Since none of these columns, employ 

hydrogen bonding as an important mechanism of retention, we included a fifth 

column, the BEH HILIC amide from Waters. The latter column is characterized by the 

presence of amide functional groups on its silica support. In the literature, the BEH 

HILIC amide is generally mentioned as a HILIC column which results in sharp symmetric 

peaks in peptide analysis due to the suppression of free silanol groups and the use of 

hydrogen bonding [25,26]. Moreover, the amide column was positioned in a separate 

orthogonal cluster versus the other columns in a HILIC-peptide study [24]. Other HILIC 

stationary phases were not included since they were deemed as too polar for the 

peptide set of interest (e.g., diol columns) or not frequently employed for the analysis 

of peptides (e.g., cyano, amine). 
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The actual column screening was performed with two variables, namely flow and 

temperature, while the resolution and symmetry for each combination was measured 

as responses. Mobile phases, gradient, sample preparation, etc. remained the same 

during the entire column testing. Ammonium formate was chosen as an additive in 

both mobile phases based on the good solubility in ACN, the compatibility with MS-

detection and literature reports where ammonium formate showed to have a 

beneficial influence on the elution of the respective peptides [27]. The ammonium 

formate buffer used for the preparation of the two mobile phases was brought to pH 

3.0 to enhance the ionisation for the analysis with electrospray-mass spectrometry. 

The gradient, employed during column testing, consisted of two minutes’ isocratic 

elution at initial conditions (80% ACN) to identify all peptides with minimal interaction 

with the respective stationary phase, followed by a gradient of ten minutes to 40% 

ACN. Post gradient equilibration was performed in accordance with the recommended 

usage protocols, and tested by injecting a run verification test in triplicate before each 

combination (column, flow, temperature). The test consisted of an evaluation of the 

retention time, area and peak symmetry. Maximum deviations were 0.3 minutes for 

the retention time, 5% on the area and 0.3 on the symmetry factor between the triple 

consecutive injections. 

Although, HILIC gradients often start with high amounts of ACN (e.g., 95-90%), the 

initial composition of the eluent was limited to 80% ACN since the initial conditions of 

the method had to correspond with the sample solvent. The latter was limited to 80% 

ACN due to the limited solubility of the respective peptides in higher concentrations 

of ACN. Nonetheless, satisfying results were obtained with mixtures of ethanol, 

isopropanol, water and ACN as sample solvent, the initial mobile phase was preferred 

as sample solvent to avoid precipitation of (unknown) compounds potentially present 

in falsified peptide preparations. 
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Figure 1: Selection of the best chromatograms based on the surface plots for resolution, namely the BEH HILIC at 0.2 ml/min and 40°C, the ZIC-c 
HILIC at 0.2 ml/min and 30°C, the BEH HILIC amide at 0.5 ml/min and 30°C and the CORTECS HILIC at 0.5 ml/min and 40°C. 
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3.1.3 Performance of the different HILIC columns 

The elution order of the nine peptides used in the column testing was roughly the same 

for all HILIC columns as can be seen in Figure 1 and Figure 2. With exception for 

epitalon on the ZIC-c HILIC, the growth hormone releasing hormone analogues CJC-

1295 and sermorelin were always the last two eluting peptides. Moreover, CJC-1295 

eluted always before sermorelin with all HILIC columns and under all elution 

conditions. Also the growth hormone secretagogues GHRP-2, GHRP-6 and ipamorelin 

were well separated and eluted always in the same order under all temperature and 

flow conditions. The biggest changes in elution order were seen for the tetrapeptide 

epitalon and the neurohormone oxytocin. Oxytocin was always the first eluting 

peptide except on the ZIC-c HILIC and the BEH HILIC amide were it eluted as fourth of 

the nine peptides. Epitalon was the last eluting peptide on the ZIC-c HILIC and the BEH 

HILIC amide at a flow rate of 0.2 ml/min and 30°C. Additionally, epitalon demonstrated 

a decrease in retention with increasing flow and temperature on the BEH HILIC amide. 

At a flow of 0.5 ml/min on the BEH HILIC amide epitalon eluted as the seventh peptide 

before CJC-1295 and sermorelin. On the ZIC-c HILIC however epitalon remained the 

last peptide.  

 

Thus, the elution order of the different peptides was generally fixed regardless of the 

type of stationary phase and elution conditions. The elution order also corresponded 

with reports in the literature where basic amino acids (Arg, Lys, His) where seen to 

promote retention, while the amino acids Leu, Ile, Phe and Trp were described as 

demoting factors for the retention of peptides [27]. More specifically, the peptides 

with a high number of basic amino acids (see table 1) were seen with the highest 

retention (CJC-1295 and sermorelin) while oxytocin (no basic amino acids) always 

eluted (as one of) the first peptide(s). Moreover, the three growth hormone 

secretagogues corroborated latter statements in the literature. These three peptides 

have namely the amino acid sequence at the C-term and only differ in the first three 
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amino acids (N-term) and always eluted in the same order regardless of the stationary 

phase and elution conditions. Ipamorelin had namely the highest retention (one 

promoting and one demoting amino acid at the N-terminus) followed by GHRP-6 (one 

promoting and two demoting amino acids) and GHRP-2 (no promoting amino acid and 

two demoting amino acids) with the lowest retention. The exception for this rule 

however was the tetrapeptide epitalon (no basic amino acids), which always was 

retained efficiently on all columns. Specifically, on the ZIC-c HILIC where it eluted under 

all conditions as the last peptide. The latter might be explained due to the strong 

electrostatic effect with the partial positive charge of the phosphorylcholine 

modifications (due to spatial difference). Nonetheless, on the ZIC-HILIC column (partial 

negative charge) epitalon also demonstrated strong retention suggesting that the 

peptide is subjected to multiple significant interactions (e.g., partitioning) which 

strongly promote its retention.  

Secondly, only shifts in retention order were seen for the peptides without a basic 

amino acid (oxytocin and epitalon). For oxytocin and epitalon, the shift in retention 

was seen for the more ‘neutral’ column (BEH HILIC amide) and zwitterionic columns. 

This is in accordance with a recent study of Spicer & Krockhin who demonstrated via 

retention algorithms that for bare silica columns interactions were mainly driven by 

the presence of the basic amino acids (Arg, His, Lys) while for more neutral columns 

also negatively charged amino acids were involved (Asn, Gln) [28]. The latter supports 

the observation that oxytocin is more retained on neutral columns due to the absence 

of repulsive interactions with residual silanol groups. The difference in relative 

retention between the two zwitterionic columns also corroberates this observation 

(see Figure 1 and 2).  Moreover, this effect could also be in play for the peptide epitalon 

where the relative retention is higher on the BEH HILIC amide compared to the bare 

silica columns.  

In the case of the strongly retained peptides sermorelin and CJC-1295 which only differ 

4 amino acids, CJC-1295 (see Table 1) eluted always before sermorelin. The changes 
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made to CJC-1295 incorporate a change in configuration of Ala(2), the switching of the 

amino acids Gly, Asn and Met to respectively Ala, Gln and Leu. The differences in 

retention were more pronounced between columns than between elution conditions. 

Namely, for the bare silica columns the difference in retention was minor compared to 

the other columns. A potential explanation for this might be the dominance of 

electrostatic interactions of the basic amino acids over other interactions (e.g. 

partitioning) or effects (incorporation of Leu) regarding bare silica columns. 

Nonetheless, further investigation is required to unambiguously confirm these 

observations by means of point mutations and thermodynamic models (e.g., Arrhenius 

plots). 

 

 

Figure 2: Chromatogram of the ZIC-HILIC acquired during column testing at a flow of 0.2 ml/min 
and 50°C. 

The constructed surface plots for resolution and symmetry factor (Figure 3 and 

Supplemental data) display a global overview of the performance over the different 

HILIC columns and the influence of the variables temperature and flow. From the scale 
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of Z-axis, it can clearly be seen that the ZIC HILIC and ZIC-c HILIC have the best 

performance in terms of resolution while the ZIC-c HILIC, ZIC HILIC and BEH HILIC amide 

have the best performance in terms of peak symmetry. Furthermore, although the 

optimum of the surface plots for the ZIC-HILIC and ZIC-c HILIC don’t coincide with each 

other, the ZIC HILIC and subsequently the ZIC-c HILIC also outperform the three other 

HILIC columns when both response variables are taken into account. 

 

Figure 3: Surface plots for the response variables resolution and symmetry factor for the ZIC HILIC. 
The normalised axisesfor flow and temperature represent the respective ranges of 0.2 to 0.5 ml/min 
and 30°C to 50°C 

 

These findings were corroborated by the calculated single and multiple response 

(Table 2) for the best temperature and flow combinations pinpointed by the 

constructed surface plots (Supplemental data).  

In terms of peak symmetry however the BEH HILIC amide, ZIC-c HILIC and subsequently 

the BEH HILIC demonstrated the most favourable peak shape. Elution with the BEH 

HILIC and BEH HILIC amide stationary phase resulted in narrow peaks which can be 
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seen in the calculated peak capacity and the obtained chromatogram. The ZIC-c HILIC 

showed broader but more symmetrical peaks. The CORTECS acquired from Waters 

however had in general the least favourable peak shape which could be explained due 

to the high silanol activity. For all columns the elution of the growth hormone 

secretagogues GHRP-2, GHRP-6 and ipamorelin and the growth hormone analogues 

sermorelin and CJC-1295 showed the weakest peak symmetry.  

 

Table 2: Least favourable symmetry factor(As), geometric mean As (G. M.  As), critical resolution (Cr. 
Rs.), geometric mean resolution (G.M. Rs.) and multiples responses peak capacity and 
chromatographic response function (CRF) for the best performing flow-temperature combinations in 
terms of resolution. 

HILIC column and conditions As 
G. M. 

 As 
Cr. Rs 

G. M.  

Rs 

Peak 

capacity 
CRF 

ZIC HILIC 0,2 ml/min, 50°C 1.77 1.42 1.12 3.32 77 38 

ZIC-c HILIC 0,2 ml/min 30°C 1.15 1.05 0.60 2.23 73 34 

CORTECS 0,5 ml/min 40°C 2.76 2.05 0.67 2.76 73 36 

BEH HILIC 0,2 ml/min 40°C 3.21 1.80 0.01 1.09 92 37 

BEH HILIC Amide 0,5 ml/min 30°C 1.21 1.46 0.28 2.33 150 46 

 

Another observation was the difficult separation of the peptides melanotan II and 

leuprorelin (see Figure 2). The ZIC HILIC however was able to separate all peptides, 

with the exception of melanotan II and leuprorelin (Rs =1.12), in roughly ten minutes 

at a flow of 0.2 ml/min and 50°C. The second best column, the CORTECS HILIC had two 

critical pares (Rs=1.21 and 0.67) at a flow of 0.5 ml/min and 40°C.  

For the final selection of the HILIC column more weight was given to the response 

variable resolution since illegal peptide preparations may contain mixtures of different 

peptides or contaminations with other peptide drugs. Although both the ZIC-HILIC and 

CORTECS HILIC performed both well in terms of resolution as previously mentioned, 

only the ZIC-HILIC was withheld for further optimisation due to the lower response of 

epitalon and the poor peakshape of GHRP-6 with the CORTECS HILIC (Figure 4).
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Figure 4: Chromatograms of Epitalon (A) and GHRP-6(B) for the best temperature-flow combination showing the difference in retention, response 
and peak shape for the five different HILIC columns 
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3.2 Method optimisation 

The selected ZIC HILIC column showed good overall performance in terms of resolution 

and peak symmetry, but was further optimised to achieve a complete separation (Rs ≥ 

1.5) of all peptides within the range 50 µg/ml to 500 µg/ml. Since the ZIC HILIC could 

be operated at temperatures up to 70°C, tests were continued with the ZIC HILIC at 

55°, 60° and 65°C. The tests were performed at the flow rates 0.2 ml/min and 0.3 

ml/min but didn’t result in a better chromatogram. In addition, modifications to the 

gradient profile did not enhance the separation. 

From the constructed surface plot of the ZIC HILIC for resolution (Figure 3), a maximum 

could be derived between the flows 0.2 and 0.3 ml/min and a temperature of 50°C. 

Hence, all peptides were further tested at different combinations of varying flow rates 

(0.2, 0.25 and 0.3 ml/min) and column temperature (45°, 50°, 55°C). This resulted in 

the separation of the critical pare (Rs >1.7) at a flow of 0.27 ml/min and a column 

temperature of 45°C. 

 

Although the ZIC HILIC column performed very well with analytical standards in terms 

of repeatability and reproducibility, injections with spiked matrix samples (section 

2.3.3) resulted in a rapid deterioration of column performance. Initially, only the two 

last eluting peptides CJC-1295 and sermorelin showed a loss of peak shape and 

intensity. This adverse effect however, progressed towards the earlier eluting peaks 

and finally led to the entire breakdown of the ZIC HILIC column. Since the column was 

tested extensively (>600 injections), at various conditions and with illicit counterfeit 

preparation, no conclusions could be derived about the robustness of the applied ZIC 

HILIC system.  

Hence, experiments with different washing steps and on-line cleaning steps were 

performed with a new ZIC HILIC column (100 x 2.1 mm, 3.5µm). The experiments 

resulted in an extra on-line cleaning step after the developed gradient. Hereto, mobile 
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phase B was changed to 90% water instead of 40% while a concentration of 10 mM 

ammonium formate was maintained. The linear increase in the obtained gradient was 

changed from 0% B to 100% B in 10 minutes to an increase in 15 minutes from 0% B to 

40% B. These conditions were maintained for 3 minutes followed by an online cleaning 

step consisting of a linear increase to 80% B in 2 minutes and isocratic elution for 3 

minutes at 80% B, before returning to initial condition in 30 seconds and an 

equilibration step of 9.5 min. The total runtime of the developed method increased 

from 30 to 35 minutes. 

Other modifications to increase the use-time of the column were the lowering of the 

injection volume from 5 to 2.5 µl for the UHPLC-DAD quantification method and 

washing the ZIC HILIC overnight at a low flow rate with a 25 mM ammonium formate 

25% ACN solution after every hundred injections. 

 

3.3 Validation of the screening HILIC-MS method 

The obtained HILIC-MS method was validated by testing sensitivity, selectivity and the 

possible effect of matrix components on the identification of the respective peptides. 

Sensitivity was tested by injecting individual serial dilutions of certified reference 

samples of all peptides. Although the combination HILIC-ESI-MS is often reported in 

literature as a more sensitive technique compared to RP-LC-ESI-MS, all late-eluting 

peptides were found to have an LOD above the preferred concentration of 10 µg/ml. 

The highest measured LOD for the RP-LC-MS method, developed by Vanhee et al. 

(2015), was 5 µg/ml. A possible explanation for these findings is the high concentration 

(10 mM) of ammonium formate in the mobile phases which results in higher 

background noise. Lowering down the salt concentration however was not deemed 

efficient, since this would make the mobile phase less polar which would have an effect 

on the retention of the latter eluting peptides. Therefore, alterations were made to 

the MS-method to enhance the sensitivity by narrowing the mass range of 200 m/z to 
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1400 m/z to respectively 300 and 1200 m/z. This resulted in the preferred maximum 

LOD of 10 µg/ml, calculated as S/N ≥ 3.3 and measured on 3 different days.  

To assess the selectivity of the method, individual peptides solutions were made at a 

concentration corresponding to the SDL of 10 µg/ml. Although only significant 

amounts of mannitol or sucrose were found in illicit peptide drugs acquired via 

internet, also other matrix components were incorporated based on literature [29]. 

Counterfeit matrices were simulated by spiking all samples with the most prevalent 

salts, sugars, PEG and buffers present in illegal peptide preparations as described in 

paragraph 2.3.3. Further testing showed that only PEG had a negative influence on the 

identification of the respective peptides eluting in the first 6 minutes. Correspondingly, 

NaCl, phosphates and the sugars mannitol and sucrose, also eluted in the first six 

minutes, but had no effect on the mass spectra and retention times of the respective 

peptides. Subsequent testing with various concentrations of PEG 4000, showed that 

all peptides at the required SDL of 10 µg/ml could be correctly identified within a 

matrix with 0.02% PEG 4000 (w/v %), 150 mM NaCl, 10 mM phosphate and 5% sucrose. 

With the polyol mannitol being the major constituent and since only trace amounts of 

PEG were found in the illicit peptide preparations acquired via the internet and 

through customs, the obtained ZIC HILIC system was found to be fit for purpose.  

 

3.4 Validation of the quantification method 

As proof of principle, the method was validated for six different peptides. The set 

consisted of the two first eluting peptides oxytocin and GHRP-2, the two last eluting 

peptides CJC-1295 and sermorelin and the two peptides of interest for the HILIC 

method epitalon and leuprorelin. The quantification with UV was performed at 277 

nm. This resulted in an enhanced signal to noise ratio and more favourable peak shape 

compared to the conventional wavelength of 214 nm for peptides. The tetrapeptide 

epitalon however, was measured at 214 nm since it had no aromatic amino acid in its 
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sequence. Furthermore, 2% formic acid was added to the samples during the sample 

preparation to enhance the trueness during validation which was hampered by 

solubility issues with the peptides epitalon, sermorelin and CJC-1295 when spiked with 

matrix.  

 

3.4.1 Limit of quantification 

The LOQ as defined in paragraph 2.4.3.1 was demonstrated for the six peptides at a 

concentration of 100 µg/ml and 50 µg/ml for GHRP2 and leuprorelin. This is the lowest 

level for which we demonstrated to meet the required criteria for accuracy, precision 

and with a S/N ratio of at least 10/1. Lower LOQs could have been tested, but this was 

not deemed necessary. The established maximum LOQ of 100 µg/ml is namely 

acceptable for the analysis of illegal peptide preparations since the minimal 

concentration required to have biological activity is 100 µg/ml. 

 

3.4.2 Linearity of the calibration curves and matrix effect 

Linearity was assessed via least square regression. All R² values were above 0.99 and 

the respective goodness of fit values were below 10%. To test the possibility of a 

quadratic relationship a Mandel’s fitting test was performed. All calculated F-values 

however were lower than the critical F-values thus demonstrating that a linear model 

is preferred. 

Matrix effect was tested for all six peptides and was confirmed via a t-test for the three 

last eluting peptides epitalon, CJC-1295 and sermorelin. Subsequent testing showed 

that the sugars mannitol and sucrose had a significant impact on the area of the 

respective peptides. This effect was larger for mannitol than for sucrose. Hence for 

these three peptides the validation was performed in matrix. The effect of other matrix 

constituents (NaCl, phosphates and PEG 4000) was non-existent or negligible.  
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3.4.3 Trueness, accuracy, precision and uncertainty 

According to the ISO guideline 5725-6, trueness is defined as closeness of agreement 

between the arithmetic mean of a large number of test results and the true or 

accepted reference value [30] It is expressed in relative bias and is a measure of the 

systematic errors of the method.  

From the results in Table 3, it can clearly be seen that maximum relative bias of 7.83% 

was measured for leuprorelin at the lowest level (50 µg/ml). All other calculated values 

were around or less than 5%. The acceptance criteria of the UN for accuracy reasons 

that all results should fall within ± 20% at the lower concentrations and within ± 15% 

at higher concentrations [19]. Furthermore, all estimated β-expectation intervals fell 

within the acceptance limits (λ) of 20% for the construction of the accuracy profiles at 

a 95% confidence level (Figure 5). The obtained accuracy profiles guarantee with a 

confidence of 95% that all new measurements of the developed method fall within the 

estimated β-expectation intervals. Furthermore, the values in Table 3 acquired for 

repeatability and intermediate precision, which represent the relative errors of a 

method, are much lower than the acceptance criteria of the UN. The UN suggests a 

maximum RSD of 20 and 15% for respectively low and high concentrations.  

The expanded uncertainty is calculated as a 95% confidence interval around the 

acquired results in which the true value can be found. The relative expanded 

uncertainty as presented in Table 3 is calculated as the ratio of the expanded 

uncertainty at a 95% confidence level and the respective concentration level. A 

maximum expanded uncertainty value of 17.15% was measured for sermorelin which 

is deemed as a scientifically reasonable uncertainty margin for the analysis of illicit 

drugs. 
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Figure 5: Accuracy profiles of all 6 polypeptides with β-expectation interval (solid red line), relative bias (solid blue line), 95% β-expectation tolerance limits (dashed 
green line); back-calculated concentrations of reference standards (dots) and ±20% acceptance limits (red line). 
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Table 3: Limit of quantification, Trueness, Accuracy, Precision and uncertainty ( L1= LOQ, L2= 300 µg/ml, L3=500µg/ml) 

 
LOQ Trueness Repeatability (RSD%) Intermediate precision (RSD%) β-expectation intervals Relative expanded uncertainty 

 
µg/ml L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 

Oxytocin 100 -5.18 -5.53 -5.39 4.16 3.13 4.77 4.16 4.83 4.77 [-13.37 , 0.09] [-17.39 , 6.34] [-14.79 , 4.01] 8.76 10.76 10.06 

Leuprorelin 50 7.58 -2.70 -0.55 3.98 4.54 3.51 5.22 4.54 3.83 [-4.15 , 19.31] [-11.64 , 6.24] [-8.39 , 7.28] 11.88 9.56 8.21 

GHRP2 50 5.23 -0.24 2.42 3.01 2.58 1.82 3.46 4.77 4.99 [-3.88 , 14.34] [-17.30 , 16.81] [-11.73 , 16.57] 7.46 14.59 10.84 

Epitalon 100 -3.19 3.58 3.86 3.00 2.25 2.72 3.45 5.10 3.09 [-10.42 , 4.04] [-11.29 , 18.45] [-2.58 , 10.30] 7.45 11.59 6.66 

CJC-1295 100 -5.83 -0.24 0.02 4.82 4.39 6.53 5.52 4.77 6.71 [-19.11 , 7.46] [-11.48 , 11.00] [-15.51 - 15.55] 11.71 10.04 14.03 

Sermorelin 100 -6.52 -1.06 -0.41 4.91 5.70 7.66 4.91 7.23 8.16 [18.54 , 5.49] [-18.18 , 16.05] [-19.51 , 18.69] 10.35 15.30 17.15 
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4. Conclusion 

The developed ZIC HILIC method is able to separate the nine peptides of interest, 

oxytocin, GHRP-2, leuprorelin, melanotan II, GHRP-6, ipamorelin, epitalon, CJC-1295 

and sermorelin present in illicit peptide preparations, within a total run time of 35 

minutes (including on-line cleaning step and subsequent post-gradient equilibration 

step). Furthermore, the obtained HILIC system resolves the disadvantages of an earlier 

developed RP-LC method, such as the bad retention of epitalon and the incomplete 

separation of GHRP-2 and leuproreline. 

The method is able to detect these peptides in different matrices at a level of 10 µg/ml 

and quantify within a range of 50 or 100 µg/ml to 500 µg/ml. The screening method, 

employing LC-MS² was validated for all nine peptides, while six peptides were 

validated for the quantification with DAD as proof of principle. The ZIC HILIC column 

was chosen out of five different HILIC columns which were tested with the respective 

peptide set at various flow and temperature combinations for resolution and peak 

symmetry. Both ZIC HILIC and CORTECS HILIC performed very well in terms of 

resolution but were not able to completely separate all peptides. The BEH HILIC amide, 

ZIC-c HILIC and subsequently the ZIC HILIC showed an adequate peak symmetry. The 

results obtained from the CORTECS column however suffered from broad and 

asymmetric peaks. Therefore, the ZIC HILIC was chosen for further testing and 

optimisation of the obtained elution conditions. Subsequent testing showed that the 

ZIC HILIC produced reproducible results for analytical standards, but that the use of 

illicit preparations or matrix used to simulate illicit preparations containing salts, 

phosphates, PEG and sugars had an adverse effect on the performance of the column. 

Therefore, an on-line cleaning step was added to the gradient and a washing program 

containing a higher salt concentration was used after every run.  

The validation was performed with accuracy profiles based on the ISO guideline 17025 

and demonstrated that the developed method was fit for purpose. Acceptance criteria 
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for the developed method were derived from the guideline of the UN for the 

quantification of illegal drugs in seized samples. 

Altogether, this methodology is a valuable alternative to the previously described RP-

LC method. Moreover, this methodology tackled the issues present in the previously 

developed RP-LC method and could be a meaningful tool for the analysis of new 

emerging polar peptides drugs in the future. Furthermore, the developed HILIC 

method combined with the previously developed RP-LC method allows for the 

identification and quantification of almost all illegal peptide drugs with a mass lower 

than 5 kDa on the present market. 
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Supplemental Figure 1: Surface plots for the response variables resolution and symmetry factor for 
the ZIC-c HILIC. The normalised axises for flow and temperature represent the respective ranges of 
0.2 to 0.5 ml/min and 30°C to 50°C. 

 

 

Supplemental Figure 2:  Surface plots for the response variables resolution and symmetry factor for 
the BEH HILIC amide. The normalised axises for flow and temperature represent the respective ranges 
of 0.2 to 0.5 ml/min and 30°C to 50°C. 
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Supplemental Figure 4: Surface plots for the response variables resolution and symmetry factor for 
the CORTECS HILIC. The normalised axises for flow and temperature represent the respective ranges 
of 0.2 to 0.5 ml/min and 30°C to 40°C. 

Supplemental Figure 3: Surface plots for the response variables resolution and symmetry factor for the 
BEH HILIC. The normalised axises for flow and temperature represent the respective ranges of 0.2 to 
0.5 ml/min and 30°C to 40°C. 
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Abstract 

Although illegal samples of peptide and protein drugs were already analysed, looking 

at a specific aspect of their quality, no systematic studies have been performed on 

falsified peptide and protein drugs regarding the presence of different impurities or 

possible contaminations. Therefore, in order to obtain a better understanding of the 

potential hazards related to the usage of falsified peptide drugs, we performed a 

systematic screening of the ten most frequently encountered falsified peptide drugs 

on the Belgian market. The screening incorporated the analysis of the active 

pharmaceutical ingredient (API), API-related impurities, small molecule contaminants 

(defined as organic small molecules not belonging to the other categories), elemental 

impurities and residual solvents. This comprehensive study showed that these type of 

illegal drugs not only have a high variation in amount of drugs per unit and a low purity 

(ranging between 5 and 75% for cysteine containing peptides), but also contained the 

known toxic class one elemental impurities arsenic (As) and Lead (Pb). One sample was 

found to contain Pb while multiple samples were detected with As, in concentrations 

up to ten times the ICH toxicity limit for parenteral drugs. Subsequent speciation of As, 

confirmed the elevated concentration for As and demonstrated that all As was present 

as the more toxic inorganic form. Taken together with the (sometimes) high amount 

of peptide impurities and the inherent dangers associated with the use of 

unauthorised peptide drugs (e.g., doping peptides or preclinical drugs), this study 

confirms the reported potential hazards patients/users take with the usage of falsified 

peptide drugs. Moreover, the presence of carcinogens As and the known accumulation 

in human tissues of Pb raises questions regarding potential sub-acute to chronic 

toxicity due to the long term administration of these falsified peptides. 
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1. Introduction 

In the literature and scientific reports, falsified medical products (including peptide and 

protein drugs) are generally described as inferior products, for which end-users have 

no guarantee of their efficacy or safety. Indeed, multiple literature reports have shown 

that these deplorable practices can result into serious health issues. [31–34]. These 

preparations are often found to contain no active pharmaceutical ingredient (API), the 

wrong API or a wrong dosage [35–37]. Moreover, numerous peptide and protein drugs 

which haven’t been authorized, due to either lack of efficacy or adverse side effects 

during pre-clinical or clinical trials or are still subject to functional or toxicological 

assessments, have been introduced on the illegal market via internet. There, they are 

often presented as genuinely efficient and safe drugs, thereby misleading end-

users/patients about the safety and efficacy of these unauthorized drugs [38–41]. In 

worst cases, they are found to contain, whether or not synthesis related, toxic 

(chemical or biological) contaminants or impurities [42,43].  
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Although falsified samples of peptide and protein drugs were already analysed, looking 

at a specific aspect of their identity or quality [35,39,44–48], no systematic studies 

have been performed on falsified peptide and protein drugs regarding the presence of 

different impurities either derived from the API during synthesis or degradation, or as 

a result of possible contaminations. Multiple reports in the literature have shown that 

synthesis related impurities, elemental impurities and residual solvents or non-drug 

related chemical compounds (e.g., glass particulates, diethyl glycerol, methyl chloride) 

are a major safety issue in counterfeit/falsified ‘small molecule’ medicinal products, 

which have lead, in certain cases, to deadly outcomes [49,50].  

Therefore, in order to obtain a better understanding of the potential hazards related 

to the usage of falsified biotherapeutics we performed a systematic screening of the 

ten most frequently encountered falsified peptide “medicines” on the Belgian market 

[45]. The selected falsified preparations encompass the tetrapeptide epitalon, the 

growth hormone secretagogues GHRP-2, GHRP-6 and ipamorelin, the neurohormone 

oxytocin, the skin tanning peptide melanotan II, the wound healing peptide thymosin 

β4, the hGH-analogue AOD-9604 and the human growth hormone releasing hormone 

analogues (hGH-RH-analogues) sermorelin and CJC-1295 (without DAC).  

Seen the unique synthesis processes to obtain these biologically active peptides, 

different types of impurities or contaminations might be present compared to 

traditional small molecules. Since, all selected peptides have a molecular weight lower 

than 5 kDa and most of them (e.g., GHRPs, Melanotan II) contain also D-amino acids 

and/or non-canonical amino acids, it is a relatively safe presumption, that all 

investigated peptides were synthesized via chemical synthesis and are not a product 

of recombinant expression technology or of biological origin. Only for the actin 

sequestering peptide, thymosin β4 (43 amino acids), both the chemical synthesis and 

recombinant production via Escherichia coli have been described in literature [51–54]. 

Expected impurities that can arise from these chemical synthesis techniques are API-

related impurities such as truncations, insertions or deletions of amino acids, 
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modifications of functional groups, incomplete deprotection, oxidations or reductions 

of functional groups (e.g., cysteine) and formation of aggregates [55]. Furthermore, 

residual solvents and reagents or scavengers used during synthesis might remain in 

the peptide preparation whilst also metals (sometimes used in oxidation/reduction 

reactions) and metalloids may be used during peptide synthesis or originate from 

contaminations. 

Therefore, based on pharmacopoeia texts and ICH guidelines on peptide impurity 

profiling and the expected impurities, we screened the above mentioned set of 

peptides for API-related impurities, small molecule contaminants (defined as organic 

small molecules not belonging to the other categories), elemental impurities and 

residual solvents [56]. 

In order to investigate the putative presence of these impurities or contaminants, both 

RP-LC and HILIC were used in combination with ion trap and (high resolution) time-of-

flight mass spectrometry and ultraviolet spectroscopy for the detection and 

identification of the API and potential API-related impurities and semi-quantification 

of all API-related impurities, respectively. Additionally, potential small molecule 

contaminants were assessed with RP-LC-IT-MS and gas chromatography coupled to 

single quad mass spectrometry (GC-MS) whilst elemental impurities and residual 

solvents were analysed by respectively inductively coupled plasma mass spectrometry 

(ICP-MS) and head space gas chromatography coupled to a single quad mass 

spectrometer (HS-GC-MS). 
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2. Material and methods 

2.1 Reagents and standards 

2.1.1 Reagents 

Methanol (HPLC-grade) and acetonitrile (HPLC and MS-grade) were purchased from 

Biosolve (Valkenswaard, the Netherlands). Formic acid (ACS and Ph.Eur. reagent) and 

dimethyl sulfoxide were purchased form Merck (Darmstadt, Germany). Aqueous 

ammonium formate (10 M solution, ACS reagent) was obtained from Sigma Aldrich (St. 

Louis, MO, USA). A MilliQ-Gradient A10 system (Millipore, Billerica, MA, USA) was used 

to prepare deionized water (ρ=18 MΩ cm, TOC < 4ppb).  

 

2.1.2 Standards 

Certified reference standards of GHRP-6 acetate (batch BCBM2185V, purity ≥ 97%), 

ipamoreline acetate (batch 065M4736V, purity ≥ 99.6%), melanotan II acetate salt 

(batch 091M4715V, purity ≥ 99%) and growth hormone releasing factor 1-29 amide 

human (batch LI0776, purity ≥ 98%) were purchased from Sigma Aldrich (St. Louis, MO, 

USA). GHRP-2 (batch hor271b, purity 98%) was purchased from Prospec-bio (Rehovot, 

Israel). Oxytocin (batch 5.0, purity 98%) and leuprorelin (batch 5.0, purity 99%) were 

European Pharmacopoeia reference standards (Strasbourg, France). 

Epitalon (batch 100611.1, purity ˃ 98%), AOD-9604 (batch 100611.2, purity ˃ 95%) and 

CJC-1295 without DAC (batch 100611.3, purity ˃ 97%) were custom synthesised by 

Thermo Fisher Scientific (Waltham, MA, USA). Analytical grade mannitol (lot 13A14-

B02-281665) was acquired via Fagron (Nazareth, Belgium). 

The elemental stocksolutions CZ9090 for elements As, Cd, Co, Cr, Cu, Li, Mo, Ni, Pb, Se, 

Tl, V, Zn, IV-stock-38 for elements Ir, Os, Pd, Pt, Ph, Ru and TraceCERT mono element 

solutions of Ag, Au, Sn and Sb were acquired from respectively from Analytika (Prague, 

Czech Republic), Inorganic Ventures (Christiansburg, VA, USA) and Sigma-Aldrich (St. 

Louis, MO,USA).
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Table 4: Most encountered falsified peptides with molecular weight, sequence, most important functionality regarding illegal use and suspected internet 
based pharmacy (vendor). V: present, NA: Not Available, Nal: naphtaline, Aib: amino butyric acid, Pyr: pyroglutamic acid, Ac: acetyl, Nle: Norleucin, []: 
Intramolecular disulfide bridge, cylco[]: covalent intramolecular bridge. (*) most popular functionality 

Peptides 
Monoisotopic 

MW (Da) Sequence Functionality 
Vendor 

X Y Z 

AOD-9604 1813.9 YLRIVQ[CRSVEGSC]GF Lipolytic V V V 

CJC-1295  3365.9 Y(d-A)DAIFTQSYRKVLAQLSARKLLQDILSR-NH2 hGH secretagogue V V V 

Epitalon 390.1 AEDG Anti-aging V V V 

GHRP-2 817.4 (d-A)(d-2-Nal)AW(d-F)K-NH2 hGH secretagogue V V V 

GHRP-6 872.4 H(d-W)AW(d-F)K-NH2 hGH secretagogue V V V 

Ipamorelin 711.4 Aib-H-(d-2-Nal)-(d-F)K-NH2 hGH secretagogue V V V 

Melanotan II 1023.5 Ac-Nle-cyclo[(β-D)-H(d-F)RW-(ε-K)]-NH2 Cosmetic V V NA 

Oxytocin 1006.4 [CYIQNC]PLG-NH2 Neurohormone V V NA 

Sermorelin 3355.8 YADAIFTNSYRKVLGQLSARKLLQDIMSR-NH2 hGH secretagogue V V NA 

Thymosin β 4960.5 Ac-SDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEKQAGES Wound healing(*) V V V 
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2.2 Sample set 

The sample set was composed of 27 illicit peptide preparations which encompassed 

the ten most frequently encountered peptide drugs on the Belgian market acquired 

via three different suspected illegal internet pharmacies (see Table 4). All 27 acquired 

peptide preparations were delivered in glass vials containing lyophilized powder and 

were meant for subcutaneous injections. Different vials of the 27 samples were used 

for each respective analysis.  

 

2.3 Identification of the API and API-related impurities  

2.3.1 Sample preparation 

 

Native peptides 

Stock solutions of all samples were prepared by adding 1.0 ml of water and stored at 

minus 20°C for maximum one year. For the analysis with RP-LC-MS subsequent 

dilutions were made with water and FA to obtain individual solutions of 0.1 mg/ml 1% 

(v/v) FA based on the claimed peptide amount. Dilutions for the HILIC-MS analysis 

were made with ACN, water and 1.0 M ammonium formate pH 3.0 to obtain solutions 

with a concentration of 0.1 mg/ml in 10mM ammonium formate 80% (v/v) ACN.  

 

Tryptic digets 

Enzymatic digestions were obtained with sequencing grade trypsin (Promega, 

Madison, WI, USA) for the peptides AOD-9604, sermorelin, CJC-1295 and thymosin β4. 

Concretely, 50 µg of peptide in 100 µl 50 mM ammonium bicarbonate (AMBIC) was 

subjected to a reduction step of 30 minutes at 60°C with 1µl 1 M dithiotreitol (DTT) 

and subsequently alkylated with 1µl 1M iodoacetic acid (IAA). The latter reaction, 

performed in the dark, was quenched after 30 minutes by adding 2 µl DTT. The actual 

digestion was performed overnight at 37°C by adding 5 µl of a 0.2 µg/µl trypsin solution 
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and 100 µl of water. After ending the enzymatic reaction, by adding 2µl FA, all solutions 

were evaporated by placing them at 30°C for 5 hours in a rotary evaporator 

(Concentrator plus, Eppendorf AG, Hamburg Germany). Samples were then dissolved 

again in 100µl water containing 1% FA and centrifuged for 15 minutes with a force of 

20x10³ x g. Since not all peptides contained disulfidebridges, tryptic digests were 

performed with and without the reduction step. 

 

2.3.2 Instrumentation 

 

RPLC-IT-MS and HILIC-IT-MS 

Analysis of the API and API-related impurities via UHPLC-IT-MS was performed using a 

Dionex Ultimate 3000 Rapid Separation LC (RSLC) system (Thermo Scientific, 

Sunnyvale, CA, USA) coupled to an amaZon™ speed ETD mass spectrometer (Bruker 

Daltonics, Bremen, Germany). Conventional reversed phase separation was achieved 

on an Acquity UPLC CSH C18 column (2.1 mm x 150 mm, 1.7 µm) (Waters Milford, MA, 

USA) with a total run time of 30 minutes at a flowrate of 0.3 ml/min, as described by 

Vanhee et al (2015). Briefly, mobile phase A and B consisted of respectively water and 

ACN both acidified with FA to 0.1% v/v. The sample compartment was kept at 15°C 

while the injection volume was set to 1 µl. Elution was performed at 40°C by employing 

a multistep gradient comprised of an initial isocratic step at 2% B for one minute, a 

two-stage lineair gradiënt (to 24% B in 11 minutes and subsequently an increase to 

30% B in 8 minutes) followed by a steep increase to 98% B in 0.5 minutes, an isocratic 

washing step for 3.5 minutes and a 5 minutes’ re-equilibration step at 2% B.  

HILIC chromatography was performed at a flow rate of 0.27 ml/min and a column 

temperature of 45°C with a ZIC® HILIC (100 mm x 2.1 mm, 3.5µm) (Merck, Darmstadt, 

Germany) in a total run time of 35 minutes with the same LC instrumentation as used 

for RPLC-IT-MS [57]. Mobile phase A and B consisted of respectively 80:10:10 (v/v) and 

10:80:10 (v/v) ACN:water:100 mM ammonium formate pH 3.0. The employed gradient 
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consisted of an isocratic elution for 2 minutes at 100% A followed by a linear decrease 

to 40% A in 15 minutes and 3 minutes isocratic elution prior to an online cleaning step 

made up of a further linear decrease to 20% A and subsequent 3 min isocratic rinsing 

before returning to initial conditions. The required post-gradient equilibration was 

performed by maintaining the initial conditions for 10 minutes. Temperature of the 

sample manager and injection volume were set to respectively 15°C and 4 µl.  

Ion trap mass spectrometry was performed, both for RP-LC as for HILIC 

chromatography, with electrospray ionization (ESI) operating in positive mode at 

maximum resolution. The capillary and endplate voltage were respectively set to 4500 

and 500 V while the nebulizer, desolvation temperature and desolvation gas flow were 

operated at respectively 2 bar, 250°C and 10 l/min. MS-spectra were recorded within 

a range of 200 to 1400 m/z with the smart parameter setting (SPS), ion charge control 

(ICC) and maximum accumulation time in the trap were set to 750 m/z, 190 000 and 

50 ms. Subsequent fragmentation was performed by means of CID with helium as 

collision gas and selecting the most intense ions in the respective MS-spectra (absolute 

threshold: 25 000, relative threshold: 5%) with the ICC set to 200 000 and 100 ms as 

maximum accumulation time. Fragmentation was performed at 100% amplitude in 

maximum 32 ms with the Smart Frag™ Enhancer range for ramping set from 80 to 

120%.  

 

RPLC-IT-MS of tryptic digests 

All tryptic digests were analyzed with the same instrumentation and mobile phases as 

used for the analysis of the native peptides with RPLC-IT-MS. The employed gradient 

however consisted of an isocratic step at 2% B for 1 min, followed by a linear gradient 

starting at 2% B, increasing to 50% B in 60 min prior to column washing for five minutes 

at 99% B and a re-equilibration step of 2 minutes at 2% B, as described elsewhere [44]. 

The injection volume was set to 2 µl, all other parameters were equivalent to the 

settings used for the analysis of the native peptides. The ion trap mass spectrometer 
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also operated with the same setting as for the analysis of the native peptides with the 

exception of the mass range which was lowered to a mass range of 200-1200 m/z. 

Single charged ions were included considering the low mass and charge state of the 

respective peptides. 

 

RPLC-Q-TOF HRMS 

High resolution mass spectrometry experiments were performed by means of a 

Waters Synapt G2Si (Milford, MA, USA). Chromatographic separation was achieved by 

means of an Acquity UPLC system (Waters, Milford, MA, USA) consisting of a binary 

solvent manager and a sample manager with the same column, mobile phases, 

gradients and settings as used for the analysis of native peptides with RPLC-IT-MS. The 

Synapt Q-TOF system was operated in ESI positive and high resolution mode (40 000 

full with at half maximum). Acquisitions were performed within a range of 50 to 2000 

Da in MSE with continuum data format. Capillary and sampling cone were operated at 

respectively 3.0 kV and 30 eV while the cone gas flow and source temperature were 

set to respectively 30 l/h and 120°C. Desolvation gas flow, desolvation temperature 

and nebulizer gas flow were set to 800 l/h, 450°C and 2.5 Bar. During the analysis 

leucine enkephalin (1 ng/µl) was infused at a rate of 5 µl/min and a lockspray voltage 

of 2.5 kV. Corrections via lockspray were applied during analysis. MSE was performed 

by ramping the voltage in the transfer cell from 10 to 45 eV. 
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2.4 Semi-quantification of API-related impurities via UV 

2.4.1 Sample preparation 

Semi-quantification of the API-related impurities was performed with three fold 

dilutions with ACN and 1% FA for HILIC-DAD analysis and with undiluted stock solutions 

acidified to 1% FA for analysis with RP-LC-DAD. Prior to injection, all obtained solutions 

were centrifuged at 20x10³ x g for 15 minutes. 

 

2.4.2 Instrumentation 

Chromatographic separation was achieved with the same instrumentation as 

mentioned in section 2.3.2 for RP-LC-IT-MS and HILIC-IT-MS for the tetrapeptide 

epitalon. The injection volume was 10µl, except for the peptides oxytocin and AOD-

9604 and epitalon (5µl). UV chromatograms were recorded at two different 

wavelengths namely 214 nm and 280 nm. The wavelength at 214 nm was used for 

quantification purposes. All detected peaks with a signal to noise above 3.3 were 

selected and integrated. To circumvent errors due to saturation, the relative amount 

of the respective API was determined at a concentration of 0.3 mg/ml for each sample. 

Subsequently, the relative amounts of each detected API-related impurity and the LC-

purity was calculated by employing the following formulas:  

 

 𝐿𝐶 − 𝑝𝑢𝑟𝑖𝑡𝑦 =  
𝐴𝑈𝐶𝐴𝑃𝐼,𝑐=0.3 𝑚𝑔/𝑚𝐿 ∗ 𝐷𝐹

𝐴𝑈𝐶𝐴𝑃𝐼,𝑐=0.3 𝑚𝑔/𝑚𝐿 ∗ 𝐷𝐹 + ∑ 𝐴𝑈𝐶𝐼𝑚𝑝𝑢𝑟𝑖𝑡𝑦,𝑖
𝑛
𝑖=1

 

 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐴𝑟𝑒𝑎 𝐼𝑚𝑝𝑢𝑟𝑖𝑡𝑦, 𝑘 =
𝐴𝑈𝐶𝐼𝑚𝑝𝑢𝑟𝑖𝑡𝑦,𝑘

𝐴𝑈𝐶𝐴𝑃𝐼,𝑐=0.3 𝑚𝑔/𝑚𝐿 ∗ 𝐷𝐹 + ∑ 𝐴𝑈𝐶𝑖𝑚𝑝𝑢𝑟𝑖𝑡𝑦,𝑖
𝑛
𝑖=1

 

 

With 𝐴𝑈𝐶𝐴𝑃𝐼,𝑐=0.3 𝑚𝑔/𝑚𝐿the area of the API based on the chromatogram of the 

respective peptide preparation at a concentration of 0.3 mg/ml, DF the dilution factor 

between the concentration used for the analysis of the API-related impurities and the 
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concentration of 0.3 mg/mL used to determine the area of the API, 𝑛 the number of 

API-related impurities and 𝑘 random number between 1 and 𝑛 of the respective 

sample. Both the solvent peak and the peak corresponding with mannitol were not 

included in the final calculation of the LC-purity. 

 

2.5 LC-MS screening for small molecule contaminants 

2.5.1 Sample preparation 

For the screening on small molecule contaminants, 2.0 ml of MeOH was added to all 

27preparations. After 30 seconds of vigorous vortexing all vials were centrifuged for 5 

minutes to separate the supernatant from putative precipitate. The obtained pellet 

was dissolved in 1.0 ml of deionised water after an overnight drying step at room 

temperature. Both the supernatant and the dissolved pellet were centrifuged with a 

microcentrifuge for 15 minutes at 20x10³ x g before the analysis via LC-MS.  

 

2.5.2 Instrumentation 

Both the solubilised pellet and supernatant were injected on the previously mentioned 

UHPLC-IT-MS system. The screening was performed based on RP-LC by means of a 

Waters BEH C18 (100 mm x 2.1 mm, 1.7 µm) operating at flow rate of 0.5 ml/min and 

a 14 minute gradient consisting of a linear increase in 9 minutes from 1 to 99% B, 

followed by a 2 minute isocratic rinsing step before returning to initial conditions in 

one minute and a one minute isocratic post-gradient equilibration step [58]. Mobile 

phase A and B, injection volume, column and sample manager temperature were equal 

to the conditions used for the RP-LC analysis described in section 2.3.2. Detection via 

IT-MS was performed in ESI mode with alternating polarity at ultra-scan rate. Capillary 

and end plate voltage were set to respectively 3500 and 500 V. The nebulizer was set 

to a pressure of 3.0 bar while the desolvation gas flow and temperature were 

respectively 12.0 l/min and 300°C. MS-spectra were recorded between 100 to 950 m/z 

with the SPS, ICC and max accumulation time respectively set to 475 m/z, 100 000 and 
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200 ms. The most intense ions above the absolute intensity threshold of 2500 and 5% 

relative intensity threshold were selected for MS²-fragmentation via CID with helium 

as collision gas. Fragmentation amplitude and fragmentation time were set to 

respectively 100% and 20 ms while the SmartFrag™ Enhanced for amplitude ramping 

ranged from 75 to 150%. The acquired LC-MS and LC-MS² spectra were interpreted via 

Compass® Data Analysis 4.2 software and compared with an in-house made library 

[58]. 

 

2.6 GC-MS screening for small molecule contaminants 

2.6.1 Sample preparation 

The same sample set and sample preparation was used as described in section 2.4.1. 

The obtained supernatant after the extraction with 2.0 ml MeOH was subsequently 

filtered with a 0.45 µm PTFE filter prior to injection in the GC-MS system (see 

supplemental Figure 1). 

 

2.6.2 Instrumentation 

GC-MS analysis was performed, as described by Vanhee et al. (2018), with an Agilent 

Technologies 7890A GC coupled to an Agilent 5975C single quad mass detector. 

Samples were injected (split ratio 50 to 1) at 300°C and separated with an Agilent 

capillary HP-5MS column (30 m x 0.25 mm, 0.25 µm) and helium as eluent at an isobaric 

pressure of 74.076 kPa [58]. The employed two-stage temperature gradient consisted 

of an isothermal step for 2 minutes at 80°C before ramping to 280°C in 13.33 min and 

an isothermal step at 280° C for 15 minutes followed by a second ramping in 3 minutes 

to 310° C and holding the acquired temperature for 20 minutes. Detection via single 

quad MS was performed by electron impact ionisation and measuring in full scan mode 

(25 to 600 m/z). Source and single quad temperature were respectively set to 230°C 

and 150°C. 
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2.7 ICP-MS analysis for elemental impurities 

2.7.1 Sample preparation 

For the analysis of elemental impurities minimum 2.0 mg of each individual peptide 

preparation was accurately weighed in a plastic digiprep tube (SCP Science, Canada). 

When necessary, two vials of the same peptide and same vendor were pooled to 

obtain the required minimum of 2.0 mg of sample. Subsequently, ten minutes after 

the addition of 0.5 ml nitric acid, 0.125 ml HCl and 0.25 ml H2O2 were added to each 

tube. After ten minutes, the samples were further diluted with 1.75 ml bidistilled H2O. 

Subsequent digestion was performed by placing the tubes in a heating block (digiprep, 

SCP Science, Canada) at 25°C for 14h after which the temperature was ramped to 90°C 

in 1h and maintained for 7h at 90°C. After digestion, all samples were further diluted 

to a final volume of 25 ml before ICP-MS analysis. 

For the subsequent speciation analysis of arsenic (As), the content of a vial was 

weighed in a 15 ml tube. After addition of 1.8 ml 0.11 M HNO3 and 0.2 ml H2O2 (30%), 

the samples were placed for extraction for 1 hour at 90°C in a hot water bath. The 

combination of the weak acid with the H2O2 added causes arsenite (AsIII) to oxidate to 

arsenate (AsV), which can be quantified as the total amount of inorganic As (Asi). 

Extracts were centrifuged (10 minutes, 12 500 x g) and filtrated (0.45 µm) before 

analysis. The reference material NMIJ 7532a (brown rice flour; Asi = 0.298 ± 0.008 

mg/kg, National Metrology Institute of Japan), was added in duplicate to the batch. 

 

2.7.2 Instrumentation 

Most element measurements were carried out with an Agilent 8800 triple quadrupole 

ICP-MS instrument (Agilent Technologies, USA). This instrument contains an octopole-

based collision/reaction cell, located in-between two quadrupole analyzers. Possible 

interferences on most elements were removed using He as collision gas in the 

octopole. For the analysis of As and Se, O2 was used in the octopole instead of He. To 
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account for possible matrix induced interferences, an internal standard containing Sc 

and In was added in-line. Lead analysis was performed on a Varian 820 ICP-MS (Varian, 

Australia), with H2 as reaction gas to obtain the desired LOQ values. Mercury was 

analysed in 100 µl of the digested solutions using an Advanced Mercury Analyzer (AMA 

245, PS analytical, France). 

 

Quantification of elemental impurities was performed by external calibration 

(calibration range: 0.2 µg/l - 10 µg/l) using acidified (2% HNO3/ 0.5 % HCl) dilutions of 

(multi)-element stock solutions: CZ9090 for elements As, Cd, Co, Cr, Cu, Li, Mo, Ni, Pb, 

Se, Tl, V, Zn from (5% HNO3), IV-stock-38 for elements Ir, Os, Pd, Pt, Ph, Ru (15% HCl) 

and TraceCERT mono element solutions of Ag, Au, Sn and Sb (2% HNO3). An overview 

of analysed masses, reaction cell modes and internal standards used is given in 

Supplemental Table 1. The limit of quantification of the method was determined as 10 

times the standard deviation of 20 procedure blanks (acid with no sample). The final 

LOQ was calculated with the respective dilution factor depending on the amount of 

sample available. Trueness and repeatability of the method were determined after 

spiking of the sample with stock solutions. The samples (each time 2 mg) were spiked 

at three concentration levels: 0.5, 5 and 10 mg/kg. Only the concentration levels higher 

than the appropriate LOQ were taken into account. No matrix relevant certified 

reference material was available, but the extraction efficiency was determined based 

on Cd (1520 µg/kg), Co (570 µg/kg) and Cu (4700 mg/kg) concentrations in reference 

material Tomato leaves NIST 1573a (NIST, USA).  

 

The analysis of As species was performed using HPLC-ICP-MS (high performance liquid 

chromatography – inductively coupled plasma – mass spectrometry; Varian, Mulgrave, 

Australia). Chromatographic separation of the As species was performed with isocratic 

elution on an PRP-X-100 Hamilton anion exchange column with 40mM 

ammoniumcarbonate at pH 9.4 (1 ml/min, 60 µl injected). The chromatographic 
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software (GALAXY) of the ICP-MS instrument was used for quantification of the peak 

area. A five point external calibration (0-5 µg/l) with the standard compounds AsV, 

methylarsonate (MA), dimethylarsinate (DMA) and arsenobetaine (AB) was carried 

out. 

 

2.8 HS-GC-MS analysis for residual solvents 

2.8.1 Sample preparation 

The content of all 27 vials was suspended by adding 1.0 ml of distilled water. 

Subsequently, 500 µl was accurately transferred in a 10 ml head space vial for 

quantification of the potential residuals solvents and electronically sealed. The 

remaining amount of approximately 500 µl, transferred in another 10 ml headspace 

vial, was used for the initial screening step. All samples were stored in sealed 

headspace vials at 4°C for maximum one month. 

 

2.8.2 Instrumentation 

 The analysis of residual solvents was based on the European Pharmacopeia and an 

earlier in-house validated method [59]. All samples were injected via an G188A static 

headspace sampler and analysed via an 6890N GC hyphenated to a 5973N single quad 

mass selective detector (all from Agilent Technologies, Palo Alto, USA). Prior to 

injection into the GC-MS system, samples were agitated and subjected to 120°C for 30 

minutes to generate the required vapour phase. After incubation, 0.5 ml of the 

ambient vapour phase was injected via split injection (ratio 10:1) into the GC-MS 

system while temperature of the headspace loop and transfer line were maintained at 

respectively 110 and 115°C. Subsequent chromatographic separation was achieved in 

23.4 minutes on an Agilent Varian CP-Select 624 CB (60·m x 0.32 m; 1.8 µm film 

thickness) employing helium as carrier gas (0.806 bar) and a temperature gradient 

composed of an initial isothermal step of 5 minutes at 60°C before ascending (rate: 25 

°C/min) in 13.4 minutes to 270°C and a second isothermal elution step at 270°C for ten 
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minutes. Eluting compounds were subsequently ionized via electron impact (70 eV) at 

a source temperature of 230°C. Screening of fragments was performed with a single 

quad at 150°C measuring in a mass range from 25 to 400 m/z. Positively identified 

residual solvents were quantified via single ion monitoring (SIM) with the respective 

quantification and qualification ions (see supplemental Table 2). Quantification was 

performed by injecting all samples in series with a four point calibration curve (70, 90, 

110 and 130) and a quality control (100%) based on the estimated concentration in the 

initial screening. The initial estimation was performed by one point calibration via the 

100 ppb standards used to conform the identity of the identified residual solvents. For 

each calibration curve, the coefficient of determination and quality coefficient were 

calculated while the quantification results had to fall within the range of constructed 

calibration curves.  
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3. Results 

The analysed peptide set contained the ten most frequently encountered falsified 

peptide drugs that have been confiscated during seizures by Belgian regulatory 

agencies between 2009 and 2017. From those peptides, only oxytocin and sermorelin 

have acquired approval as medicines. The latter was approved in 1997 for the 

treatment of idiopathic growth hormone deficiency in children with growth failure and 

as diagnostic for the hypothalamus-hypophysis axis. Both the medicine and diagnostic 

were however withdrawn at request of the manufacturer in 2009 and are currently 

categorized as ‘Discontinued’ [60]. The manufacturer stated these products were not 

withdrawn from sale for reasons of safety or effectiveness. The neurohormone 

oxytocin is currently used to induce labor, to control the contractility of the uterus and 

postpartum haemorrhages and as adjunctive therapy to manage 

incomplete/inevitable/elective abortion. In 2014, it acquired the orphan drug status in 

Europe for the treatment of Prader-Willi syndrome. In addition, GHRP-2 is currently 

only used as diagnostic agent in Japan to assess the functionality of the hypothalamus-

hypophysis axis whilst AOD-9604 has the “Generally Recognised as Safe” (GRAS) status 

in the USA [61–63]. All other peptides were either never submitted to clinical trials, 

are still the subject of clinical trials or were subjected to clinical trials as medicine but 

were halted owing to a lack of efficacy or safety (CJC-1295, ipamorelin). Except for 

oxytocin and melanotan II, all peptides are registered on the list of the World Anti-

Doping Agency (WADA)[64]. 

All 27 illicit preparations were acquired as ‘research chemicals’ via three suspected 

illegal internet pharmacies and delivered in sealed plastic bags or small carton boxes 

enclosed in an envelope without any additional information (e.g., certificates, storage 

and handling recommendations). All peptide preparations were delivered as 

lyophilized powder in glass vials (resembling aseptically closed vials) which were 

labelled with the claimed peptide and respective amount. Only one of the vendors 
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(vendor X) also displayed a batch number on the label. This batch number however did 

not differ between different peptides nor between vials of the same peptide.  

Moreover, there was a large variability in the amount of lyophilized material present 

between vendors and between samples of the same vendor. This visual observation 

was corroborated by the measured weights as displayed in Table 5 (e.g., epitalon, AOD-

9604).  

Reconstitution proofed also to be difficult for the peptide AOD-9604 of vendor Y. 

Addition of an extra mL of water and FA to 1% based on the total volume was required 

to dissolve all lyophilized powder. This effect was however not encountered for other 

samples of the same vendor or for the same peptide of different vendors. 

 

 



Part III: Results and discussion 

 

169 

Table 5: Measured concentrations for all elements described in ICH guideline Q3D with their respective concentration limit for parental administration for drugs set by the ICH 
(Q3D guideline). Values in bold are measured concentrations above the set threshold, concentrations below the LOQ are presented as “< respective LOQ”. Elements with grey 
marked columns are used in risk assessment regarding public health. For each samples two vials were pooled, while only one vial was used if the amount is followed by an 
asterisks. The claimed amount takes into regard the number of vials used and the amount designated on the label of the respective vial(s). (*) only one vial used; (**) two vials 
used, one vial had content of 4.4 mg while second vial had a content of 61.6 mg. 

 

As Cd Hg Pb Co Ni Tl Au Pd Ir Os Rh Ru Se Ag Pt Li Sb Ba Mo Cu Sn Cr
X 4 14.3 78 < 35 < 353 105 < 14 < 688 < 64 < 176 < 28 < 2 < 46 < 3 < 5 < 353 < 2 < 5 < 318 < 547 7410 13 < 527 < 2322 < 941

Y 4 20.1 891 < 25 < 251 < 43 < 10 < 489 < 45 < 126 < 20 < 1 < 33 < 2 < 4 < 251 < 1 < 4 < 226 < 389 3005 178 < 1891 < 8331 < 3377

Z 4 19.5 268 < 26 < 259 < 44 < 10 < 505 < 47 < 129 < 21 < 1 < 34 < 2 < 4 < 259 < 1 < 4 < 233 < 401 3731 76 < 1961 < 8640 < 3503

X 10 3.7 < 82 < 136 < 1363 1718 < 55 < 2658 < 245 < 681 < 109 < 7 < 177 < 12 < 20 < 1363 < 7 < 20 2647 < 2112 30808 < 19 < 898 < 3953 < 1603

Y 10 5.6 2889 < 90 < 901 < 153 < 36 < 1756 < 162 < 450 < 72 < 5 < 117 < 8 < 14 < 901 < 5 < 14 < 811 < 1396 18968 42 695 < 1086 695

Z 10 6.3 7893 < 80 < 801 < 136 < 32 < 1561 < 144 < 400 < 64 < 4 < 104 < 7 < 12 < 801 6 < 12 1198 < 1241 35934 68 < 255 < 1125 < 456

X 10 7.1 310 < 71 < 710 454 < 28 < 1385 < 128 < 355 < 57 < 4 < 92 < 6 < 11 < 710 < 4 < 11 2126 < 1101 35102 < 6 < 296 < 1304 < 529

Y 10 5.4 531 < 93 < 934 < 159 < 37 < 1821 < 168 < 467 84 < 5 < 121 < 8 < 14 < 934 < 5 < 14 5065 < 1448 28259 < 8 < 381 < 1680 < 681

Z 10 66(**) 16 < 8 < 77 < 13 < 3 < 149 < 14 < 38 < 6 < 1 < 10 < 1 < 1 < 77 < 1 < 1 185 < 119 4940 < 5 < 251 < 1106 < 449

X 20 14.5 743 < 35 < 348 < 59 24 933 < 63 < 174 < 28 < 2 < 45 < 3 < 5 < 348 < 2 < 5 1269 < 539 28929 < 24 < 1139 < 5017 < 2034

Y 20 11.8 562 < 43 < 427 < 73 < 17 < 833 < 77 < 214 67 < 2 < 56 < 4 < 6 < 427 < 2 < 6 918 < 662 30662 < 27 < 1276 < 5621 < 2279

X 10* 46.6* 1660 < 11 < 108 31 < 4 < 211 < 20 < 54 < 9 < 1 < 14 < 1 < 2 < 108 < 1 < 2 298 < 168 16125 < 32 < 1492 < 6571 < 2664

X 10* 33* 26 < 15 < 153 42 < 6 < 298 < 28 < 76 < 12 < 1 < 20 < 1 < 2 < 153 < 1 < 2 395 < 237 19481 < 12 < 543 < 2394 < 970

Y 10* 43* 52 < 12 < 117 82 7 < 229 < 21 < 59 < 9 < 1 < 15 < 1 < 2 < 117 < 1 < 2 < 106 < 182 17135 277 1725 < 7405 < 3002

Y 10* 41.5* 33 < 12 < 122 79 < 5 < 237 < 22 < 61 < 10 < 1 < 16 < 1 < 2 < 122 < 1 < 2 < 109 < 188 30634 13 < 161 < 708 < 287

Z 10* 64.3* 54 < 8 < 79 153 < 3 < 153 < 14 < 39 < 6 < 1 < 10 < 1 < 1 < 79 < 1 < 1 259 < 122 9865 < 4 < 165 < 727 < 295

Z 10* 53.3* 51 < 9 < 95 38 < 4 < 185 < 17 < 47 < 8 < 1 < 12 < 1 < 1 < 95 < 1 < 1 91 < 147 13666 < 4 203 < 877 < 355

X 4 20 251 < 25 < 252 < 43 < 10 < 492 < 45 < 126 < 20 < 1 < 33 < 2 < 4 < 252 < 1 < 4 < 227 < 391 1992 47 < 393 < 1729 < 701

Y 4 35.8 2733 < 14 < 141 30 < 6 < 275 < 25 < 71 < 11 < 1 < 18 < 1 < 2 < 141 < 1 < 2 1052 < 219 23409 48 < 390 < 1717 < 696

X 4 56.1 49 < 9 < 90 38 < 4 < 176 < 16 < 45 < 7 < 1 < 12 < 1 < 1 < 90 < 1 < 1 213 < 140 20021 < 26 < 1217 < 5363 < 2174

Y 2* 27.8* 1138 < 18 < 182 < 31 < 7 < 354 < 33 < 91 < 15 < 1 < 24 < 2 < 3 < 182 < 1 < 3 < 163 < 281 12685 < 16 5555 < 3263 5555

Y 2* 42.2* 190 < 12 < 120 < 20 < 5 < 233 < 22 < 60 < 10 < 1 < 16 < 1 < 2 < 120 < 1 < 2 < 108 < 185 92 166 48063 < 12607 48063

Z 2* 27* 85 < 19 < 187 53 10 813 < 34 < 93 < 15 < 1 < 24 < 2 < 3 < 187 < 1 < 3 232 < 290 18150 35 15914 < 6571 15914

Z 2* 27.2* 59 < 19 < 186 < 32 9 819 < 33 < 93 < 15 < 1 < 24 < 2 < 3 < 186 < 1 < 3 457 < 288 16757 23 1065 < 3218 < 1305

Sermorelin Y 4 9.3 121 < 54 < 542 < 92 < 22 < 1058 < 98 < 271 < 43 < 3 < 71 < 5 < 8 < 542 < 3 < 8 < 488 < 841 3658 27 < 228 < 1003 < 406

CJC-1295 w/o DAC Z 4 8.7 7418 < 58 < 580 < 99 < 23 1471 < 104 < 290 < 46 < 3 < 75 < 5 < 9 < 580 < 3 < 9 < 522 < 899 7876 83 < 321 < 1415 < 574

X 4 2.9 12890 < 174 < 1739 < 296 < 70 < 3391 < 313 < 869 < 139 < 9 < 226 < 16 < 26 < 1739 1057 < 26 1946 < 2695 130728 < 11 < 530 < 2334 < 946

Y 2* 8.3* 747 < 61 < 608 < 103 < 24 < 1185 < 109 < 304 < 49 < 3 < 79 < 5 < 9 < 608 < 3 < 9 < 547 < 942 24817 < 4 < 189 < 833 < 338

Y 2* 7.1* 481 < 71 < 710 < 121 < 28 < 1385 < 128 < 355 < 57 < 4 < 92 < 6 < 11 < 710 < 4 < 11 < 639 < 1101 14583 < 78 16042 < 16084 16042

ICH Treshold (ppb) 1500 200 300 500 500 2000 800 10000 1000 1000 1000 1000 1000 8000 1000 1000 25000 9000 70000 150000 30000 60000 110000
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Oxytocin
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GHRP6
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API (mg)
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3.1 Analysis of the API and API-related impurities 

Analysis with LC-IT-MSn of the native preparations and tryptic digests of AOD-9604, the 

hGH-RH-analogues and thymosine β4 pointed out that all preparations indeed 

contained the claimed API, except for the polypeptide thymosine β4. For this 

polypeptide, the label of the different preparations stated” thymosin β4 (TB-500)”, 

“TB-500” and “thymosin Beta 4” on the vials of respectively vendor X, Y and Z. TB-500 

(Ac-LKKTETQ) is known in literature as the synthetic N-acetylated fragment (AA 17-23) 

of thymosine β4 [40,65]. Interestingly, the N-acetylated 43 amino acid long native 

polypeptide was found and not the heptapeptide TB-500. Tryptic digests of all 

subjected peptides resulted for all preparations in sequence coverage of more than 

95%. 

Calculation of the variance in amount of API present between preparations of different 

vendors based on the absorbance at 214 nm of the API showed a low variation for the 

cosmetic peptide melanotan II (RSD of 2%). For the GHRP’s RSDs of 10 to 24% were 

calculated while high RSDs were calculated for AOD-9604 (42%) and oxytocin (78%). 

These large variations in amount of API between the different vendors for oxytocin 

and AOD-9604 coincided with a low level of purity determined by UV at 214 nm. The 

calculated purity levels for these preparations were 74.8 and 71.7 % for oxytocin and 

45.9 and 4.8% for AOD-9604. The GHRPs and melanotan II displayed high purity levels 

between 97.0 and 99.9% while the levels of the tetrapeptide epitalon varied between 

80.1 to 94.6 % based on HILIC-UV analysis (see Table 3). For the peptides sermorelin, 

CJC-1295 and thymosin β4 purity levels could not be calculated since no impurities 

could be detected via UV at a wavelength of 214 nm (or at 280 nm) above the reporting 

threshold of 0.1%. Table 6 shows all detected API-related impurities with a signal to 

noise ratio above 3.3 and a relative area of 0.1% compared to the AUC of the respective 

API at a UV wavelength of 214 nm and their suggested peptide sequence based on 

HRMS and MS² fragmentation patterns. Furthermore, Table 7 contains all API-related 
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impurities detected on LC-IT-MSn with a relative area below the 0.1% threshold in the 

LC-UV chromatogram at 214 nm.  

As can be derived from both tables, the three preparations of ipamorelin showed a 

reduced number of API-related impurities (C-terminal deamidation and +12 Da on the 

second amino acid) but with a relative area ten times higher than the two other GHRPs 

(GHRP-2 and GHRP-6). Both for GHRP-6 and GHRP-2, multiple related impurities were 

found and identified at MS-level, but not detected with UV. Although impurities were 

detected in the LC-UV chromatogram of GHRP-6 for vendor B and C detected peaks 

with UV could not directly be allocated to the corresponding impurity in the LC-MS 

chromatogram because of the differences in the obtained impurity profiles of the LC-

UV and LC-MS chromatograms.  

Interestingly, for melanotan II both the purity level, amount of API and impurity profile 

showed high resemblance in both the LC-UV and LC-MS chromatogram (MS and MS²-

spectra) between both vendors (Figure 6). 

 

 

Figure 6: Total ion chromatogram (TIC) of Melanotan II from vendor X (red line) and vendor Y (green 
line), obtained by means of UHPLC-MSn , showing the similarity in intensity, and related impurities. 
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The cyclic structure of melanotan II resulted in the difficult identification of these 

related impurities on MS² fragmentation patterns. Furthermore, in both melanotan II 

preparations, most of the related impurities (same m/z and MS² fragmentation 

pattern) and the API itself were detected two times at different retention times in the 

LC-MS chromatogram. A possible explanation for this observation is the presence of 

diastereoisomers due to the presence of both D and L-amino acids.  

For epitalon, HILIC chromatography was employed to separate the related impurities 

and mannitol from the API. For all three preparations only one related impurity peak, 

namely aspartimide formation was detected at levels from 5% to almost 20%. 

Contrary, to the relatively high level of purity for melanotan II and the GHRPs, relatively 

high amounts of related impurities were detected for the tetrapeptide epitalon and 

the intracyclic cystine bridge containing peptides AOD-9604 and oxytocin. 

 

 

Figure 7: UHPLC-MSn (TIC, top chromatogram) and UHPLC-UV chromatograms at 214 (middle) and 
280 nm (bottom) of Oxytocin of vendor X showing on UV chromatogram at 214 nm; (1) API, (2) 
Deamidation, (3) 2*Deamidation, (4) Acetylation. 
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Table 6: All detected API-related impurities detected via UHPLC-DAD at 214 nm, with a relative area of minimum 0.1% and a S/N ratio of minimum 3.3, 
with the corresponding monoisotopic weight (Da) and deviation (Da) with the best fitting alteration based on HRMS and Ion trap MS² data. Furthermore, 
the variation in amount of API between vendors and towards the mean amount of API are given for each peptides based on UHPLC-DAD data recorded at 
a wavelength of 214 nm. The table only contains peptides for which API-related impurities could be detected via UV at 214 nm. NYI: not yet identified, (*) 
co-eluting, AUCAPI: area under the curve of the LC-UV peak of the API, <API>API: average of the AUCAPI of the samples from the three (or two) different 
vendors, RSD on <AUC>API: residual standard deviation between samples from the different vendors.  

Vendor 
𝑨𝑼𝑪𝑨𝑷𝑰

< 𝑨𝑼𝑪 >𝑨𝑷𝑰

 

RSD on 

<AUC>API 

(%) 

Purity 

(%) 

MW 

Impurity 

(Da) 

Relative 

Area  

(%) 

∆ MW 

(Da) 
Identification 

Ipamorelin 

X 123 

24 

97.7 712.4 2.3% 1 C-terminal Deamidation 

Y 102 98.3 723.4 1.7% 12 NYI, +12 Da on His (2) 

Z 75 98.6 723.4 1.4% 12 NYI, +12 Da on His (2) 

GHRP-2 

X 94 

11 

99.6 888.5 0.1% 71 Insertion of Ala after Ala (3) 

   873.5 0.1% 56 Tert-Butylation on Lys or amidated C-term 

   955.5 0.1% 138 NYI 

Y 93 99.4 873.5 0.1% 56 Tert butyl group on Lys or amide C-term 

   955.5 0.1% 138 NYI 

   955.5 0.1% 138 NYI 

   859.5 0.1% 42 Acetylation N-term 
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Vendor 
𝑨𝑼𝑪𝑨𝑷𝑰

< 𝑨𝑼𝑪 >𝑨𝑷𝑰

 

RSD on 

<AUC>API 

(%) 

Purity 

(%) 

MW 

Impurity 

(Da) 

Relative 

Area  

(%) 

∆ MW 

(Da) 
Identification 

Z 113 99.9 821.5 0.1% 4 Oxidation of Trp to Kynurenine 

GHRP-6 

X 107 

9 

99.6 914.5 0.1% 42 Acetylation of N-terminus 

Y 103 98.2    No matching peak in MS-spectrum 

Z 90 97.0    No matching peak in MS-spectrum 

Melanotan II 

X 98 

2 

98.5 1083.6 0.2% 60 NYI 

   1083.6 0.1% 60 NYI 

   1023.5 0.3% 0 NYI, Diastereoisomer? 

   1024.5 0.3% 1 Deamidation C-terminal 

   1161.6 0.1% 138 NYI 

   1161.6 0.4% 138 NYI 

Y 102 98.5 1083.6 0.2% 60 NYI 

   1083.6 0.1% 60 NYI 

   1023.5 0.3% 0 NYI, Diastereoisomer? 

   1024.5 0.3% 1 Deamidation C-terminal 
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Vendor 
𝑨𝑼𝑪𝑨𝑷𝑰

< 𝑨𝑼𝑪 >𝑨𝑷𝑰

 

RSD on 

<AUC>API 

(%) 

Purity 

(%) 

MW 

Impurity 

(Da) 

Relative 

Area  

(%) 

∆ MW 

(Da) 
Identification 

   1161.6 0.1% 138 NYI 

   1161.6 0.4% 138 NYI 

Oxytocin 

X 70 

78 

74.8 2012.9 10.5% 1006.4 Dimerformation 

   2012.9 13.0% 1006.4 Dimerformation & Trimerformation(*) 

   1048.5 1.7% 42 Acetylation 

Y 103 71.7 1007.4 22.2% 1 Deamidation 

   1008.4 6.1% 2 2* Deamidation 

Epitalon 

X 89 

22 

94.6 373.1 5.4% -18 Aspartimideformation 

Y 111 80.1 373.1 19.9% -18 Aspartimideformation 

Z 102 89.8 373.1 10.2% -18 Aspartimideformation 

AOD9604 

X 28 

42 

45.9 1815.9 54.1% 2 Reduced cystine bridge (7-14) 

Y 183 4.8 1702.8 3.3% -111 Loss of Isoleucine (4) + reduced cystine bridge (7-14) 

   1815.9 73.5% 2 Reduced cystine bridge (7-14) 
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Vendor 
𝑨𝑼𝑪𝑨𝑷𝑰

< 𝑨𝑼𝑪 >𝑨𝑷𝑰

 

RSD on 

<AUC>API 

(%) 

Purity 

(%) 

MW 

Impurity 

(Da) 

Relative 

Area  

(%) 

∆ MW 

(Da) 
Identification 

   1687.8 3.9% -126 Loss of Glutamine (6) + reduced cystine bridge (7-14) 

   3629.8 7.3% 1816 NYI; Dimerformation via one cystine bridge 

   NA 2.2% NA No matching peak in MS-spectrum 

   3629.7 5.0% 1816 NYI; Dimerformation via one cystine bridge 

Z 88 4.8 1815.9 78.7% 2 Reduced cystine bridge (7-14) 

   3629.9 10.9% 1816 NYI; Dimerformation via one cystine bridge 

   3629.9 5.6% 1816 NYI; Dimerformation via one cystine bridge 
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Oxytocin of vendor Y contained multiple deamidations (see Figure 7) while the 

reduction of the cystine bridge (7-14) was the most important peptide in all 

preparations of AOD-9604. For oxytocin the preparation of vendor X was found to 

contain high amounts of dimers and even trimers while multiple deamidations in the 

preparation of vendor Y were the most significant related impurities. Both related 

impurities (deamidations and dimers) were found in the two preparations at MS-level. 

In preparation X, related impurities with the same molecular mass of oxytocin dimers 

were detected at two different retention times in the chromatogram. A possible 

explanation for this is the sense or antisense alignment of the two oxytocin molecules 

as previously described in literature [66,67]. Moreover, a related impurity with a 

molecular weight consistent with a complex of three oxytocin equivalents covalently 

linked via three cystine bridges (MW= 3019.3176 Da, ∆= -2.70 ppm) was found to co-

elute with the last oxytocin dimer. Dimers were also seen for preparation Y and Z of 

AOD-9604 albeit via only one cystine bridge compared to oxytocin. Also here, dimers 

were seen at different retention times in the LC-MS chromatograms for both 

preparations as a result of the different alignments. For the preparation of vendor Y 

also deletions of respectively Ile(4) and Gln(6) were detected and allocated to the exact 

position via tryptic digests. 
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Although no related impurities were detected for sermorelin, CJC-1295 and thymosine 

β4 on the LC-UV chromatogram, analysis of these preparations of the native peptide 

and tryptic digest via LC-MSn resulted in the identification of multiple deamidations, 

insertions/deletions of amino acids, oxidations of methionine and acetylations. It was 

however not possible, due to the low resolution of the ion trap MS, to allocate 

deamidations of Asn and/or C-term detected via tryptic digests in both sermorelin 

preparations. As previously mentioned, full length thymosin β4 was found in all three 

preparations while for two preparations (X and Y) the label claimed the presence of 

the synthetic peptide TB-500, the actin sequestering active site of thymosin β4. Also 

here, deamidation of Asn, acetylation of Lys and oxidations of Met and the deletion of 

Gln were identified via tryptic digests.  

Furthermore, contaminations with another API (AOD-9604) were identified via LC-IT-

MS for GHRP-2 of vendor Y and sermorelin of vendor X but not detected in the 

respective LC-UV chromatograms. 
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Table 7: All related impurities detected via UHPLC-IT MS with a S/N ration of minimum 3.3 are given for each 
peptide preparation with the respective monoisotopic weight and deviation in Da towards the API. Proposed 
alterations are based on HRMS data and Ion trap MS² data. NYI: Not yet identified; (*) identified via tryptic 
digests but could not be attributed to the respective peak(s) in the LC chromatogram of the native peptide; 
(**) identified via tryptic digest but not found in LC-MS data of the native peptide. 

Peptide Vendor MW 
Impurity 

∆ MW IT MS 
(Da) 

Identification 

Ipamorelin X 712.4 1 C-terminal deamidation 

Y 723.4 12 NYI, +12 Da on AA 2 (His) 

Z 723.4 12 NYI, +12 Da on AA 2 (His) 

GHRP-2 X 849.5 32 Double Oxidation Trp (4) 

833.5 16 Oxidation Trp (4) 

746.4 -71 Loss of Ala (1) 

888.5 71 Insertion of Ala after Ala(3) 

746.4 -71 Deletion Ala (3) 

873.5 56 Tert butyl group on Lys or amide C-term 

831.4 14 NYI 

955.5 138 NYI 

873.5 56 Tertbutyl group on Trp (4) 

953.5 136 136 Da on Trp (4) 

859.5 42 Acetylation N-term 

Y 1813.9 other API AOD9604 

849.5 32 Double oxidation Trp (4) 

833.4 16 Oxidation Trp (4) 

746.4 -71 Deletion Ala (1) 

888.4 71 Insertion Ala at N-terminus 

873.5 56 Tert butyl group on Lys or amide C-term 

955.5 138 NYI 

873.5 56 NYI, possibly 56+ on lys(6) 

843.5 26 NYI 

953.5 136 +136 Da on Trp (4) 

859.5 42 Acetylation N-term 

Z 849.5 32 Double Oxidation Trp (4) 

833.4 16 Oxidation Trp (4) 

821.5 4 Oxidation Trp to Kyn 

GHRP-6 X 876.5 4 NYI, Oxidation Trp (4) to Kynurenine  

914.5 42 Acetylation N-term 

Y 943.5 71 Insertion Ala (3) 

928.5 56 Tert butylation on Lys or amidated C-term 
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Peptide Vendor MW 
Impurity 

∆ MW IT MS 
(Da) 

Identification 

873.4 1 Deamidation C-term 

1010.5 138 NYI 

735.4 -137 Deletion of His (1) 

915.0 42 Acetylation of N-term 

1010.5 138 NYI 

1008.6 136 NYI 

914.5 42 Acetylation, site unknown 

855.5 -17 Crosslink Lys and amidated C-term; Deamination 

Z 873.5 1 Deamidation C-term 

1010.5 138 NYI 

1010.5 138 NYI 

914.4 42 Acetylation of N-term 

1008.5 136 NYI 

1038.5 166 NYI 

Melanotan II X 1083.6 60 NYI 

1083.6 60 NYI 

1024.5 1 Deamidation C-term 

1161.6 138 NYI 

1161.6 138 NYI 

1189.6 166 NYI 

1159.6 136 NYI 

1190.6 167 NYI 

Y 1083.6 60 NYI 

1083.6 60 NYI 

1024.6 1 Deamidation C-term 

1161.7 138 NYI 

1161.6 138 NYI 

1189.6 166 NYI 

1159.7 136 NYI 

1190.6 167 NYI 

AOD-9604 X 1815.9 2 Reduced API 

999.5 -814 NYI 

Y 1702.8 -111 Deletion of Isoleucine + Reduction of Cystine bond 

1815.9 2 Reduced API (Cystine bond 7-14) 

1687.8 -126 Deletion of Glutamine + Reduction of Cystine bond 

1242.6 -571 NYI 

3630.0 1816 NYI; Suggestion:Dimerformation via one C-C bond 
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Peptide Vendor MW 
Impurity 

∆ MW IT MS 
(Da) 

Identification 

Z 1611.9 -202 NYI 

1702.8 -111 Deletion of Isoleucine + Reduction of Cystine bond 

1714.9 -99 Deletion of Valine 

1716.9 -97 Deletion of Valine and Reduction of Cystine bond 

1815.9 2 Reduction of Cystine bond (AA:7-14) 

3629.9 1816 NYI; Dimerformation via one cystine bond 

Oxytocin X 1059.3 53 NYI, MS artefact 

2013.0 1007 Dimer 

2065.8 1059 Dimer + 52.9 Da 

1007.4 1 Deamidation  

2012.9 1007 Dimer 

2065.8 1059 Dimer + 52.9 Da 

3074.0 2068 Trimer+52.9 Da 

1048.5 42 Acetylation 

1101.4 95 Acetylation + 52.9 Da 

Y 1059.4 53 NYI; suspected MS artefact 

1007.4 1 Deamidation 

1060.3 54 Deamidation +52.9 Da 

950.5 -56 Deletion of C-terminal amidated Gly 

1008.4 2 Two deamidations 

1061.3 55 Two deamidations +52.9 Da 

1009.4 3 Three deamidations 

1062.4 56 Three deamidation + 52.9 Da 

1048.5 42 Acetylation 

1101.4 95 Acetylation + 52.9 Da 

Sermorelin X 1813.9 other API AOD9604 

3324.8 -31 NYI 

3372.1 16 Oxidation of Met 

1571.0 
 

NYI 

1555.0 
 

NYI 

3339.0 -17 NYI, Suggestion deamination, position unknown 

3413.1 57 Insertion of Gly (15) 

3408.7 53 NYI, suggestion MS artefact 

3356.9 1 Deamidation of Asn (8) or C-term(*) 

3356.8 1 Deamidation of Asn (8) or C-term(*) 

3357.8 2 Deamidation of Asn (8) and C-term(*) 

3398.0 42 Acetylation of Lys (19) (**) 
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Peptide Vendor MW 
Impurity 

∆ MW IT MS 
(Da) 

Identification 

3397.9 42 Acetylation of Lys (19) (**) 

Y 3371.9 16 Oxidation of Methionine 

1552.0 
 

NYI 

2831.5 
 

NYI 

3192.8 -163 Deletion of Tyr (1) 

3357.0 1 Deamidation of Asn or C-term 

3357.0 1 Deamidation of Asn or C-term 

CJC1295 X 2176.6 -1189 NYI 

1081.8 -2284 NYI 

1450.0 -1916 NYI 

3252.8 -113 Deletion of Ile (5) 

2092.3 -1274 NYI 

2557.7 -808 NYI 

Y 3016.8 -349 NYI 

1450.0 -1916 NYI 

3522.1 156 Loss of Arg (10) 

2092.3 -1274 NYI 

Z 3202.1 -164 Deletie Tyr (1) 

1536.9 -1829 NYI 

Thymosin β4 X 4976.5 16 Oxidation Met 

948.5 
 

NYI 

4960.9 Modified 
API 

Ac-SDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEKQAGES 

4961.9 1 Deamidation of Asn (26) 

4832.7 -128 Deletion of Gln (23) 

y 4976.6 16 Oxidation Met 

4960.6 Modified 
API 

Ac-SDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEKQAGES 

Z 4976.5 16 Oxidation Met 

4960.6 Modified 
API 

Ac-SDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEKQAGES 

5002.6 42 Acetylation Lys(15) 
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3.2 Analysis of small molecule contaminants 

All samples were screened with GC-MS and LC-MS² for the presence of excipients, 

synthesis related products (small molecules), other drugs (e.g. testosterone) and 

unrelated chemical contaminations. As described in section 2.5.1 and 2.6.1 an 

extraction with methanol was performed prior to analysis with GC-MS and LC-MS². 

During the extraction large pellet formations were seen for 16 of the 27 samples. 

Analysis of the supernatant of samples with pellet formation with GC-MS displayed a 

large peak at 13.7 min which could be attributed to sorbitol/mannitol according to the 

NIST-database (Figure 3). Other peaks at 6.85 (1.4-dianhydromannitol), 7.5 min 

(possibly isosorbide) and a cluster of peaks between minute 9 and 10 MS-spectra 

indicated the presence of a degradation products of a saccharide (possibly a polyol) in 

the respective preparations with pellet (see Figure 8). Additionally, in these samples, a 

complementarily peak appeared on the UHPLC-IT-MS² chromatograms after 1.3 min 

with a m/z value of 418.1 Da in positive mode and 416.1 in negative mode. Injections 

of analytical grade sorbitol and mannitol on the LC-MS² and GC-MS confirmed the 

presence of mannitol in these samples based on the retention time and respective MS 

and MS² spectra. Analysis of the solubilized pellet via LC-MS² also demonstrated the 

presence of high amounts of mannitol. In samples without a visual pellet, no mannitol 

was detected in either the GC-MS or respective LC-MS chromatograms.  

In the GC-MS chromatograms (see Figure 8), all observed peaks could be either 

attributed to the presence of mannitol or as chemical derivatives of the respective API 

by comparison with their respective analytical standards. Furthermore, via LC-MS², the 

distinctive MS and MS²-patterns of poly ethylene glycol (PEG), triton-X and an 

amidated fatty acids were found in multiple preparations at trace level. No other 

contaminations were detected (e.g., small molecule API’s such as testosterone, 

scavengers or protective groups used during SPPS). 
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Figure 8: GC-MS chromatograms (TIC) of (A) GHRP-6 vendor Y (blue line) and vendor Z (red line) 
showing peptide preparation of vendor Z with high amounts of mannitol (peak at 13-14 min, and 
peak cluster at 10 min). Figure B shows the GC-MS chromatogram of the growth hormone analogue 
sermorelin of vendor X (blue line) and vendor Y (red line) with high amounts of mannitol for the 
preparation of vendor Y while no degradation products of sermorelin were detected for both 
preparations, possibly due to the low solubility in methanol. 

 

3.3 Screening for elemental impurities 

The methods for elemental analysis were suitable as trueness of the spike ranged 81-

109% with the exception of the analysis of vanadium (trueness = 130%). It was not 

possible to remove all interference on V analysis with the current method. Trueness of 

the CRM (Tomato leaves NIST 1573a), a more complex matrix compared to the 

expected matrix in falsified peptide drugs, ranged between 88 and 98% (see 

Supplemental Table 1). Due to the illegal nature, and therefore unpredictable content 

of these preparations, all elements (excluded V) described in the ICH guideline Q3D 

guideline where included in the analysis. 

One of the first observations, as can be seen in Table 5, was the variety in mass of the 

total content of the different peptide preparations. In addition, the low amount of 

material for the GH-analogues and GHRPs resulted for some samples in LOQs above 

the concentration limits set by the ICH for the respective elements even when pooling 



Part III: Results and discussion 

 

185 

two vials of the respective sample. The most cumbersome observation was the 

exceedance for 7 samples of the limit for the class 1 elements arsenic (six samples) and 

lead (one sample). For arsenic, six samples were found to exceed the limit (1500 ppb) 

ranging from 1660 ppb to 12 890 ppb, more than ten times the allowed concentration. 

Subsequent speciation analysis of a second batch of samples via HPLC-ICP-MS 

confirmed the elevated arsenic concentrations in these peptide drugs and revealed 

that all arsenic was present as inorganic arsenic (data not shown). Other exceedances 

of the established limits were found for copper (one sample), silver and barium. For all 

other elements relevant to risk assessment (cadmium, cobalt, lithium and antimony) 

no exceedances were measured, while for mercury and nickel not enough material was 

available to exclude exceedances of the respective ICH limits. In none of the samples 

traces of metal catalysts from the platinum group were detected. 
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Table 8: Validation parameters for the identification and quantification of residual solvents via HS-
GC-MS based on the ICH Q3 C guideline and Deconinck et al. (2012). (*) quantifier ion 

Compound 

Retention 

time 

(min) 

SIM 

Monitored 

ions 

(m/z) 

LOQ 

(ppb) 

Coefficient of 

determination 

(R²) 

Qualitiy 

Coefficient 

(%) 

 

Ethanol 6.8 31*,45 100 0.9977 0.98 

Ethylether 6.5 31*,74 10 0.9999 0.17 

Dichloromethane 8.9 41*,40 1 0.9916 0.48 

Tetrahydrofuran 15.7 42*,70 20 0.9993 0.38 

Acetonitrile 8.6 41*,40 250 0.9999 0.06 

Toluene 25.2 91*,90 2 0.9998 0.37 

BHT 36.8 205*,220 15 0.9993 0.90 

 

3.4 Analysis of residual solvents 

Traces (ppb level) of at least one residual solvent were detected in every sample. More 

specifically, six residual solvents (ethanol, ethyl ether, dichloromethane, 

tetrahydrofuran, acetonitrile and toluene), one anti-oxidant (butylhydroxytoluene) 

and hexanal were detected and identified with the NIST database and afterwards 

corroborated by comparison with an analytical standard. No class 1 residual solvents 

were detected in any of the samples. Quantification was performed for all detected 

chemical products with the exception of hexanal. The alkyl aldehyde was already 

degraded by the time a certified reference standard for quantification purposes was 

available. Validation criteria for the calibration curves are displayed in Table 8. All 

maximum back calculated concentrations were well below the thresholds set by the 

ICH (see Table 9). Tetrahydrofuran (THF) was found in all samples within a range of 20 

to 900 ppb. No trends or correlations between residual solvent content or 

concentrations and the respective peptides or vendors could be established. 
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Table 9: All detected residuals solvents with the highest measured concentration (ppb) for every compound and the classification and toxicity limit according 
to the ICH Q3C guideline regarding residual solvents. 

Compound Highest Estimated Concentration (ppb) Type of 
compound/ 

Residual 
solvent 

Toxicity 
limits 
 (ppb) 

Ipamorelin GHRP-
2 

GHRP-
6 

Melanotan 
II 

Oxytocin AOD-
9604 

Epitalon Sermorelin CJC-
1295 

Thymosin 
β4 

THF 892 765 884 477 496 326 321 264 263 248 Ph. Eur. 
Class 2 

7.2·105 

DCM --- 21 --- 97 --- --- --- --- --- --- Ph. Eur. 
Class 2 

6.0·105 

Ethylether --- --- 266 --- --- --- --- --- --- --- Ph. Eur. 
Class 3 

≥ 
5.0·106 

Ethanol --- --- 6891 --- --- --- --- --- --- --- Ph. Eur. 
Class 3 

≥ 
5.0·106 

ACN --- --- 914 --- --- --- 1240 --- 2363 --- Ph. Eur. 
Class 2 

4.1·105 

BHT --- --- --- --- --- 605 --- --- 414 --- Anti-
Oxidant 

≥ 
5.0·106 

Tolueen --- 31 --- --- --- --- --- --- --- --- Ph. Eur. 
Class 2 

8.9·105 

 



Part III: Results and discussion 

 

188 

4. Discussion 

Ten of the most frequently encountered falsified peptide drugs on the Belgian market 

were analyzed for the API, API-related impurities, small molecule contaminants, 

residual solvents and elemental impurities. The investigated peptides were acquired 

from three different suspected illegal internet pharmacies which sell their peptides 

under the cover of research chemicals. Although most of these peptides are used for 

doping and cosmetic reasons, comments on internet forums also mention the 

administration of GHRPs, hGH-RH-analogues, epitalon and thymosin β4 to treat 

(chronic) joint and/or muscle injuries. Often users describe the origin, use and effect 

of their administrations on internet forums and warn each other of false preparations 

or preparations with acute side effects and low functionality. Consequently, the 

selection of the three most popular (and reliable) web-based vendors was based on 

their popularity on internet forums.  

The downside of this selection procedure however was the inherent bias induced since 

the selected sample set may contain more samples with a relatively high quality 

compared to the average preparations available on the internet. Other imperfections 

are that not all quality aspects were analysed (e.g., counterion, correct configuration) 

and the use of different vials for each analysis due to different sample preparation 

techniques. For the determination of elemental impurities however the pooling 

different vials from the same sample was required to acquire sufficient amount of 

sample with the innate risk of levelling-out exceedances. 

Nonetheless this study provides a general overview of potential hazards based on the 

analysis of critical quality points. Analysis of the API by means of LC-IT-MS² resulted in 

the identification of full length thymosin β4 in the preparation of all three vendors 

while two vendors stated the presence of TB-500 on the label. TB-500 is the N-acetyl 

derivative of one of the active sites (major actin binding site) of the thymosin β4, 

existing of only 7 amino acids[68]. It stands to reason that the synthesis of the N-



Part III: Results and discussion 

 

189 

acetylated heptapeptide is less costly and complicated than the 43 amino acid long 

thymosin β4. Nonetheless, in Germany also thymosin β4 was found in samples 

distributed as ‘TB-500’[37]. Other reports in literature however report that TB-500 was 

indeed identified in confiscated vials in Belgium and Germany[40,65]. Moreover, both 

thymosin β4 and TB-500 are not authorized for medicinal use and the latter has no 

track record of its efficacy and safety. Accordingly, these findings support other reports 

in literature which describe the presence of unauthorized APIs or other APIs than 

indicated[35]. Evidently, the administration of unauthorized peptide drugs or falsified 

preparations with other APIs than labelled may constitute serious (unknown) health 

risks. Furthermore, the administration of APIs with implicit health risks (hGH, growth 

factors, hGH secretagogues and hormones,..) without medical guidance and 

supervision may also result in adverse (longterm) clinical outcomes[33]. Other issues 

which may cause adverse side effects are the potential low solubility, as encountered 

for one of the preparations, and the noncompliance of these solutions with regard to 

the criteria for injectable drugs (e.g., pH, osmotic pressure). A striking example, which 

is in line with our findings, is the advice between users on forums to take anti-

histamine drugs when injecting these preparations to reduce side effects of the 

injection, drug itself or possible inflammatory contaminants.  

Although no formal quantification of the detected peptides was performed in this 

study, this topic was already treated in an earlier study performed by Vanhee et al. in 

2015 demonstrating that the vast amount of these preparations are under-dosed[45], 

analysis of the variance in amount of peptide between vendors resulted in large 

differences. Particularly for oxytocin and AOD-9604 the variability on UV-response at 

214 nm was relatively high, respectively 42% and 78%. This high variability in amount 

of peptide is probably not exclusively because of the varying amount of peptide 

between vendors but also a result of the relatively high amount of API-related 

impurities. For example, the semi-quantification of the related impurities resulted in a 
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purity of 74.8 (preparation X) and 71.7% (preparation Y) for oxytocin and respectively 

45.9, 4.5 and 4.5% for preparation X, Y and Z of AOD-9604. 

In contrast to the low purity of the cysteine containing peptides oxytocin and AOD-

9604, no related impurities were detected for the wound healing peptide thymosin β4 

and the hGH-RH-analogues (sermorelin and CJC-1295) at the standard wavelength of 

214 nm for the analysis of related impurities and the aromatic wavelengths (254, 280 

nm). Possible reasons for the absence of API-related impurities at UV level may be the 

the lower absorption of these compounds compared to the GHRPs and the low amount 

of API in the respective preparations. The two peptides with the highest amount of 

related impurities (AOD-9604 and oxytocin) were found to have alterations related to 

the intracyclic cystinebond in every preparation. More specifically, reduction of the 

cystine bond and to lesser extent the formation of dimers were the major related 

impurities for AOD-9604 while for oxytocin dimers and in one preparation even trimers 

were detected. In addition, also deamidations were found in both preparations of 

oxytocin. Moreover, in preparation Y of oxytocin deamidations were the major related 

impurities. Both deamidations and alterations in the oxidative state of cysteine can be 

formed during synthesis of the peptide but also during storage. These alterations can 

be influenced by pH, redox potential of the solution, and temperature. Therefore, the 

handling and storage of these peptides is crucial for the functionality of these 

preparations [66,67]. Also other related impurities such as oxidations of Met and Trp, 

acetylations, deaminations (loss of ammonia), succimide formation (loss of water) and 

crosslinking which can be formed (spontaneously) under particular conditions (pH, T, 

partial pressure of oxygen/hydrogen) were detected in every preparation. Other types 

of related impurities which mainly arise during synthesis such as uncleaved protective 

groups, deletions or insertions of amino acids and (possibly for CJC-1295) truncations 

were also detected but at much lower levels. Only one preparation, GHRP-2 of vendor 

X, was found to contain an impurity (insertion of Ala) with a relative area higher than 

0.1% based on the LC-UV chromatogram. Many more insertions or deletions were 
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however detected with mass spectrometry (below the 0.1% relative area at UV level). 

Although no severe cases of insertions, deletions, truncations or wrong sequences 

were detected in our sample set, reports of literature dealing with related impurities 

in medicinal peptides (for research purposes) demonstrated the presences of high 

amounts of alterations during synthesis of these peptides [69,70]. Possible 

explanations for these different observations may be the inherent bias in our study 

due to the selection of the most reliable and popular internet vendors, the putative 

challenging synthesis as result of demanding sequences or configurations and the 

intrinsic susceptibility of the selected peptides towards alterations during storage and 

handling. Moreover, the detection of numerous oxidations of methionine and 

tryptophan in multiple preparations, the succimide formation with epitalon and the 

deamidation of asparagine in sermorelin are probably a result of the intrinsic 

susceptibility of the peptide to degradation. More specifically, the latter peptide has 

been redesigned into CJC-1295 by modifying the sequence of sermorelin at 4 different 

places to elongate the chemical stability and half-life. One of the modifications is the 

substitution of Asn at position 8 to Gln, which should be (in general) less prone to 

deamination than Asn [71]. Indeed, no deamidations were detected for all three 

preparations of CJC-1295 which could result from the higher stability of CJC-1295 

compared to sermorelin. Naturally, not only the intrinsic peptide stability but also the 

content of these preparations such as excipients or possible contaminations and 

external factors may influence the stability (and hence possible degradation rate and 

products) of the above mentioned peptides.  

Nonetheless, both synthesis artefacts or modifications due to storage or degradation 

may lead to changes in functionality. Even the change of one amino acid from the L to 

D-configuration can change the potency of the respective peptide when coupled to a 

receptor while insertions or deletions of amino acids may even transform agonist /-

antagonistic functionality. In even worse cases certain API-related impurities such as 

aggregates (dimerization) may induce toxic responses or immunological reactions 



Part III: Results and discussion 

 

192 

[56,72–75]. For instance, oxytocin loses (reversibly) almost all (1/500) of its biological 

functionality upon dimerization [67]. 

Next to the API and related impurities only mannitol was detected in significant 

amounts. Possible reasons for the presence of high amounts of mannitol are its role as 

cryoprotectant during freeze drying and as filler substance [76]. Furthermore, only 

trace amounts of triton-X, PEG and an amidated fatty acid were detected by means of 

LC-MS and GC-MS in multiple preparations. Since the latter three compounds were 

only detected at very low levels, the identification was only based on MS² 

fragmentation patterns and not corroborated by injection of an analytical standard. 

Residual solvent analysis by HS-GC-MS established the presence of six residual solvents 

(DCM, THF, ethanol, ethyl ether, toluene and acetonitrile) commonly used during SPPS 

at levels well below the respective toxicity limits. The presence of BHT can be explained 

by its role as additive in solvents as stabilizer due to its anti-oxidative properties. 

Finally, hexanal, also found in food as a degradation product of the β-oxidation of ω-6 

fatty acids such as linoleic acid (18:2, n-6) has no known role in peptide synthesis. In 

general, the low amount and concentrations of residual solvents and chemicals used 

during synthesis can be explained by the efficient washing and filtering step during 

SPPS while mannitol is probably added after the purification of the peptide for the 

abovementioned reasons. 

The presence of class 1 elemental impurities (As, Pb) however is most likely a result of 

contaminations rather than their use as catalysts during peptide synthesis as most of 

the detected elements are generally not known for their usage as catalysts (Zn, Au and 

platinum group elements) in the synthesis of peptides. Leaching from equipment (e.g., 

lab equipment, glass material, reactors, containers) or the usage of low quality 

reagents and solvents (including water) are probable causes. The high amounts of 

inorganic arsenic in these preparations raises questions regarding the origin of the 

contamination(s). Known likely sources of arsenic contaminations in these samples are 

groundwater and glass [77,78].  
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Both As and Pb are class 1 elemental impurities, meaning human toxicants with no use 

in the manufacture of pharmaceuticals. Although both elements are known as human 

carcinogens, their toxicity depends on their oxidation state and form. Lead has limited 

acute toxicity, but accumulates in soft tissues (±10%; brain, spleen, kidneys, liver and 

bonemarrow) and hard tissues (90%; bones and teeth). Chronic exposure to lead 

causes adverse effects on the central nervous system, hematopoietic system, the 

immune system, the renal system and the reproductive system. Untreated lead 

poisoning has been known to develop into encephalopathy, lethargy, delirium, 

convulsions, coma and even death[79,80]. 

The metalloid As, in the past a popular criminal toxin, has been linked in numerous 

literature reports to be carcinogenic (however not mutagenic) and has adverse effects 

on the skin, respiratory tract, central nervous system, cardiovascular system, liver and 

immune system (humoral and cellular response). The toxiticity of As depends primarily 

on the excretion, metabolism (phase I and phase II biotransformation reactions) and 

the affected tissue(s). In literature, inorganic forms are regarded as the most toxic 

forms with the trivalent arsenite (AsIII) has been found to be more toxic than arsenate 

(AsV). Nonetheless, certain As containing compounds (GSAO, Darinaparsin and 

Trisenox) are currently being used as medicine against leukemia, lymphomas and solid 

tumors for their anti-carcinogenic properties (by generation of ROS, 

immunosuppressive effects, anti-angiogenesis) [81–84]. 
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5. Conclusion 

In this study the ten most frequently encountered falsified peptides that were 

confiscated in seizures of Belgian customs and regulatory agencies between 2009-

2017 were analysed for the presence of multiple chemical impurities potentially 

present in these type of preparations. According to internet forums, these 

preparations are used to heal muscle or joint injuries, as cosmetic or most importantly 

for doping reasons. Most of the preparations are however not authorized for their 

usage as parenteral medicine or are preclinical drugs for which no track record of their 

safety and efficacy has been established. 

Moreover, our analysis demonstrated the presence of toxic class one elemental 

impurities (inorganic As an Pb) next to the high variations in content and high amounts 

of API-related impurities in these samples and thus clearly illustrates the dangers 

users/patients face when resorting to falsified peptide drugs. Both Pb and inorganic As 

are known (genotoxic) elemental impurities which in acute intoxications or prolonged 

exposure may lead to adverse health effects on multiple vital organs and in some cases 

also result in lethal outcomes. The presence of concentrations up to ten times the 

known toxicity limits for parenteral drugs raises questions about the quality of 

chemicals used and the purification process. 

In addition, the low purity of certain compounds and high variations in amount of API 

makes it difficult to accurately administer biologically relevant doses and can easily 

lead to underdoses and overdoses. Furthermore, the presence of certain related 

impurities such as deamidations, insertion and deletion of amino acids and the 

formation of aggregates may lead to loss of functionality and even toxic effects. Most 

of the detected related impurities in these preparations (e.g., oxidations, 

deamidations, dimerformations) could also be induced during storage or handling 

under certain conditions. Hence, demonstrating that next to the analysis of the API 
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and synthesis artefacts also degradation products (specifically for peptides which were 

not subjected to preclinical or clinical trials) may not be neglected in the risk evaluation 

of falsified peptide drugs. 

Taken together, the results of this study clearly demonstrate and confirm the 

suspicions that these products do not meet the required safety regulations regarding 

the purity of the API and chemical impurities in these preparations. Consequently, the 

(sustained) administration of these preparations may result in adverse acute and 

chronic health effects.
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Supplemental Table 1: Validation data for the ICP-MS and AMA for mercury analysis with an overview of analysed masses, reaction cell modes and used 
internal standards and trueness based on CRM. * spike concentration was below LOQ 

Element Limits  

(µg/g) 

Mass 

measured 

on ICP-MS 

Cell 

mode 

Internal 

standard 

Trueness as % of 

spike 

Repeatability 

spikes 

Trueness as % of 

CRM value 

Repeatability 

CRM 

Class 1 
    

    

As 1.5 75-91 O2 Sc 93% 3.6% 
 

 

Cd 0.2 114-114 He In 88% 3.2% 88% 10% 

Hg 0.3    100% 12.0%   

Pb 0.5 208 He In 81% 3.5% 
 

 

Class 2 
     

 
 

 

Co 0.5 59-59 He Sc 86% 3.2% 89% 6% 

V 1 51-51 He Sc 131% 2.5% 
 

 

Ni 2 60-60 He Sc 85% 2.9% 
 

 

Tl 0.8 205-205 He In 85% 3.0% 
 

 

Au 10 197-197 He In 109% 2.1% 
 

 

Pd 1 105-105 He In 89% 5.0% 
 

 

Ir 1 193-193 He In 95% 10.0% 
 

 

Os 1 189-189 He In 87% 10.0% 
 

 

Rh 1 103-103 He In 94% 9.0% 
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Element Limits  

(µg/g) 

Mass 

measured 

on ICP-MS 

Cell 

mode 

Internal 

standard 

Trueness as % of 

spike 

Repeatability 

spikes 

Trueness as % of 

CRM value 

Repeatability 

CRM 

Ru 1 101-101 He In 95% 9.0% 
 

 

Se 8 78-96 O2 Sc 109% 11.8% 
 

 

Ag 1 107-107 He In 100% 6.0% 
 

 

Pt 1 195-195 He In 96% 10.0% 
 

 

Class 3 
     

 
 

 

Li 25 7-7 He Sc 94% 9.9% 
 

 

Sb 9 121-121 He In 86% 2.1% 
 

 

Ba 70 138-138 He Sc 86% 3.2% 
 

 

Mo 150 95-95 He In 84% 3.9% 
 

 

Cu 30 65-65 He Sc 88% 6.0% 98% 5% 

Sn 60 117-117 He In NA* NA* 
 

 

Cr 110 52-52 He Sc 111% 7.2% 
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CHAPTER 7: STERILITY TESTING OF 

FALSIFIED PEPTIDE AND PROTEIN DRUGS 
 

 

 

 

 

 

 

 

 

 

Parts of this chapter were published: 

S. Janvier, E. Wattijn, N. Botteldoorn, B. D. Spiegeleer, E. Deconinck, and C. Vanhee, 

“Are injectable illegal polypeptide drugs safe? Case report demonstrating the presence 

of haemolytic Bacillus cereus in 2 illegal peptide drugs,” Drug Test. Anal., vol. 10, no. 

4, pp. 791–795, 2017. 
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Abstract 

One of the most menacing hazards of falsified injectable peptide and protein drugs, is 

the presence of virulent bacteria, viruses or fungi. Nonetheless, the information 

regarding contaminated falsified peptide and protein drugs is rather scarce. In recent 

years, two case-reports described respectively the presence of a filamentous fungi and 

virulent bacteria in falsified oncology biotherapeutics. In the latter case, multiple 

patients suffered irreversible damage after the administration of the falsified drug. To 

verify, if the above mentioned cases are rather exceptional incidents with falsified 

injectable biotherapeutics, we systemically screened 100 falsified injectable peptide 

and protein samples for the presence of pathogenic microorganisms. The study was 

performed by direct inoculation of the culture medium, as described by the European 

pharmacopoeia. Two preparations, originating from the same suspected illegal 

internet pharmacy, were found to contain multiple colonies displaying β-haemolytic 

halo formations on the Columbia blood agar plates. Subsequent identification, 

performed by means of a MALDI-TOF biotyper and PCR reactions, demonstrated the 

presence of Bacillus cereus sensu stricto. Further analysis of the potential virulence of 

the respective bacteria via PCR reactions resulted in positive reactions for the pore 

forming haemolysin BL complex, non-haemolytic enterotoxin, cytotoxin K and 

phosphatidylcholine specific phospholipase c. Hence, corroborating the visually 

observed halos due to haemolysis. Since these bacteria are also known in literature for 

their involvement in morbidity and mortality in intravenous drugs users and patients 

with invasive treatments it stands to reason that these samples may results in adverse 

(local or systemic) infections upon parenteral administration. Altogether, this study 

clearly demonstrates the detrimental hazards present in injectable falsified peptide 

and protein drugs and shows that the associated dangers of these type of drugs are 

not only limited to chemical substances. 
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Chapter 7: Sterility assessment of falsified 

peptide and protein drugs 

 

 

 

 

 

 

 

 

1. Introduction 

It stands to reason that the control of biological impurities or contaminations in 

peptide and protein drugs, specifically when produced via recombinant DNA 

technologies, is a key aspect to guarantee their efficacy and safety. Multiple guidelines 

regarding the manufacturing and quality control of these type of medical products, 

issued by international organizations (e.g., ICH, WHO), outline key aspects and define 

the respective requirements related to putative biological impurities and/or 

contaminations [85]. Mainly, these quality characteristics relate to the putative 

presence of viruses, microorganisms, HCP, residual DNA, or/and other potentially 

toxic/immunogenic substances (e.g., mAbs, enzymes, prions). 



Part III: Results and discussion 

 

202 

The information related to these biological impurities and/or contaminants (in 

falsified) peptide and protein drugs is however quite scarce, and limited to 

contaminations with microorganisms. Briefly, one case report in Mexico showed that 

a fungus, Scytalidium Sp., was present in a closed falsified vial of bevacizumab while a 

second report, also with falsified bevacizumab [42], described the clinical outcomes of 

the administration with bacterially contaminated samples. In the latter case, 21 

patients were injected with the contaminated oncology drugs in two Iranian hospitals. 

The intravitreal injections resulted in an outbreak of fulminant endophtalmitis. 

Investigations of the potential origin of this outbreak pinpointed to the presence of 

virulent strains of E. Coli and Citrobacter in the falsified product. Consequently, all 

patients were treated with antibiotics while the majority also underwent pars plana 

vitrectomy, which still resulted in serious vision decrease [43].  

To verify, if the above mentioned cases are rather exceptional incidents with falsified 

injectable biotherapeutics, we systemically screened 100 falsified injectable peptide 

and protein drugs for the presence of pathogenic microorganisms by using a 

methodology based on the internationally harmonized sterility testing described in the 

European pharmacopoeia [86]. The samples originated from seizures done by the 

Federal Agency for Medicines and Health Products (40 samples), supplemented with 

samples originating from suspected illicit internet pharmacies selling falsified 

medicinal preparations under the disguise of research chemicals. Two samples 

purchased from a suspected illicit internet pharmacy were found to be contaminated 

with haemolytic bacteria. Further analysis by Matrix Assisted Laser Desorption 

Ionization – Time of Flight Mass Spectrometry (MALDI-TOF-MS) and molecular 

techniques (PCR) confirmed the presence of a member of the Bacillus cereus species 

group in those vials. Furthermore, we demonstrated via molecular tools that the 

bacterial strain was positive for genes encoding for the most important (haemolytic) 

enterotoxins.  
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Although B. cereus is a well-known food pathogen, also non-gastrointestinal infections 

with even deadly outcomes in patients sustaining traumatic or surgical wounds, 

intravenous drug abusers and patients with indwelling catheters have been reported 

[87]. 

 

2. Material and Methods 

2.1 Growth media, reagents and bacterial strains 

Trypto-Casein-Soy agar and Columbia Agar + 5% Sheep Blood were purchased from 

Bio-Rad (Hercules, CA, USA) while sterile PBS and water were purchased from Thermo 

- Fisher Scientific (Waltham, MA, USA). The growth medium specific for fungal 

organisms, Sabouraud Agar + Chloramphenicol was purchased from the Belgian 

coordinated collection of microorganisms (BCCM, Brussels, Belgium). 

Bacterial strains of Pseudomonas aeruginosa (NCTC 10662), Staphylococcus aureus 

(ATCC 25923), Bacillus subtilis (ATCC 6633), Clostridium sporogenes (LMG 14743), 

Bacteroides fragilis (LMG 10263) and fungal strains of Candida albicans (IHEM 3731), 

Aspergillus niger (IHEM 3766) were used as a positive control to test the growth media. 

All reference strains were also kindly given by the BCCM (Brussels, Belgium). 

 

2.2 Sample set 

The sample set of 100 different falsified medicinal products comprising of both 

lifesaving medicines as lifestyle drugs contained 40 samples which were confiscated 

between 2009 and 2014 by inspectors from the Belgium Federal Agency for Medicinal 

and Health Products (FAMHP). Due to the confidential nature of the inspection data, 

it is not possible to give precise information about each sample individually. Unlabelled 

vials, representing the vast majority of the confiscated samples, or vials labelled with 

the peptide name were subjected to analysis. The remaining samples (60 samples) 

were purchased from 3 different suspected illicit internet pharmacies disguised as 
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‘research companies’ which, according to many internet forums, also sell and deliver 

synthetic peptide drugs and biopharmaceuticals that are being used for performance 

enhancement or cosmetic purposes. 

 

2.3 Sterility testing 

The sterility testing was derived from the European pharmacopoeia text 2.6.1. Sterility 

by direct inoculation of the culture medium. Adaptations were however made by using 

solid agar plates containing either Trypto-Casein-Soy agar or Columbia Agar + 5% sheep 

blood (for incubation under microaerobic conditions). The Columbia Agar plates were 

namely selected in favor of the thioglycollate medium suggest by the European 

Pharmacopoeia due to the fact that all samples were intended for parenteral 

administration. These growth media complied with the growth promotion test for a 

method suitability test. Due to the nature of the samples (varying number of vials per 

confiscated sample), only one container per sample was analyzed.  

Prior to sterility testing, the exterior of the 100 vials were disinfected before they were 

placed in the laminar flow hood for analysis. The lyophilisates were suspended in 500 

µL PBS buffer and split over the two different types of media. The plates with Trypto-

Casein-Soy agar (TSA) were incubated at 25°C while the Columbia Agar + 5% sheep 

blood plates were incubated under microaerobic conditions at 37°C. Negative controls, 

including PBS buffer, sterility of the flow hood, the medium, the incubators, the room 

and the operator were executed during the experiment and all plates showed no 

colony forming units. All experiments were performed under aseptic conditions.  
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2.4 Bacterial identification 

The bacteria detected in the positive samples were first analysed by means of MALDI-

TOF-MS and the data was processed by the MALDI Biotyper 3 software (Bruker 

Daltonics, Bremen, Germany). Only hits with log(score) values equal or higher than 

2.00 were considered as a high confidence identification and were retained. 

Furthermore, a bacterial test standard (BTS, Bruker) comprised of an E. coli extract 

spiked with two high molecular-weight proteins, which covered the entire mass range 

measured, was co-analyzed with each plate. Subsequently the identification was 

challenged by PCR. Briefly, validated polymerase chain reactions were performed on 

the boiled cell lysates to verify the presence of the house keeping chaperone groEL 

from the Bacillus cereus group and the presence of the clo gene encoding the pore-

forming toxin B. cereus cereolysin O (Haemolysin I). The primer pairs Ba1F (5’-

TGCAACCTGTATTAGCACAAGCT-3’) and Ba1R (5’-TACCACGAAGTTTGTTCACTACT-3’) 

and Hem 4.1 (5’-ACGTCACCAGTMGATATWTC-3’) and Hem 4.2 (5’-

TCTCCACCATTCCCAWGCAAG-3’) were used to amplify respectively a 553 bp fragment 

from groEL and a 1146 bp fragment form the clo gene. Subsequently the final PCR-

products were analysed by means of classical agarose gel electrophoreses and stained 

with ethidium bromide. A positive control (B. cereus strain) was used for the lysis of 

the bacterial cells while both positive (DNA target fragment) and negative (DNA free) 

controls for the PCR-reactions were incorporated. 
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2.5. Identification of potential toxins 

In order to verify if the identified B. cereus species are producing toxins, we checked 

for the presence of the respective genes encoding for several enterotoxins and the 

emetic toxin cereulide by means of PCR. The enterotoxins encoding genes assessed 

were: hblA (encoding for the A subunit of the haemolytic enterotoxin from B. cereus), 

nheA (encoding for the A subunit from the non-haemolytic toxin), plc (encoding for 

phosphatidylcholine specific phospholipase C), cytK (encoding for cytotoxin K) and 

HlyII (encoding for haemolysin II). 

The primer pairs HAF (5’-AAGCAATGGAATACAATGGG-3’) and HAR (5’-

AGAATCTAAATCATGCCACTGC-3’), F2NheA (5’-TAAGGAGGGGCAAACAGAAG-3’) and 

RNheA (5’-TGAATGCGAAGAGCTGCTTC-3’), Bt/cPCLC1 (5’-

AACGGTATTTATGCTGCTGACTAT-3’) and Bt/cPCPLC2 (5’-CGCTACTACTGCCGCTCCAT-

3’), Hem2F (5’-GGAATAGCTAAAAGTGTTGCCG-3’) and Hem2R (5’-

ACGTGTAGACCTTTTCACCA-3’) and finally the pair CytKF (5’-

GATAATATGACAATGTCTTTAAA-3’) and CytKR (5’-GGAGAGAAACCGCTATTTGT-3’) were 

used for the amplification of the respective diagnostic parts hblA (1154 bp), nheA (759 

bp), plc (405 bp), HlyII (1135 bp) and cytK (1011 bp). As mentioned in section 2.4 the 

necessary negative and positive controls (lysis reaction and DNA target fragments) 

were incorporated. 
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3. Results and discussion 

A plethora of methods are nowadays used for the identification of microorganisms 

ranging from classical phenotyping, immunological/serological assays and more recent 

strategies employing mass spectrometry and molecular tools. The latter two 

techniques however have gained prominence in the classification, identification and 

characterization of microorganisms. The use of molecular techniques such as PCR, 

hybridization and ribosomal RNA analysis doesn’t require the traditional and time-

consuming cultivation step and even allows for the analysis of nonviable 

microorganisms while mass spectrometry allows for the fast, untargeted identification 

of (known) microorganisms. Drawbacks however are the prior knowledge regarding 

latter molecular tools and the need for good quality samples and extensive databases 

for mass spectrometric analysis. 

More recently, however the invention of whole genome next generation sequencing 

overcomes previously mentioned drawbacks and allows for the rapid detection and 

identification of microorganisms while even gaining additional taxonomic information. 

Moreover, due to the random amplification of nucleic acids no prior knowledge of the 

sample is required as with classical PCR, hybridization or ribosomal RNA analysis. 

Nonetheless, this technique is still in its infancy and more sensitive to matrix effects 

than classical molecular techniques (e.g., PCR, Sanger sequencing) [88]. Therefore, in 

this study a cultivation step was combined with a targeted analysis via molecular tools 

after a first screening via mass spectrometric analysis. Thereby combining the power 

and specificity of the targeted molecular tools, the fast and simple first untargeted 

screening characteristics of mass spectrometry and the added phenotypic traits (e.g., 

morphology and growth conditions) of the cultivation step to acquire an unambiguous 

identification of potential microorganisms present in illegal peptide and protein 

injectables.  
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During the whole process of the sterility testing, negative controls including, buffer 

solution, sterility of the flow hood, the medium, the incubators, the room and the 

operator, were analysed simultaneously at regular time intervals. All plates were 

analysed on a daily basis and the total maximum incubation time was two weeks. 

Additionally, positive controls as recommended by the European Pharmacopeia to 

validate the growth media were performed in another flow hood. The plates were 

inoculated with small amounts of either Pseudomonas aeruginosa, Staphylococcus 

aureus, Bacillus subtilis, Clostridium sporogenes, Bacteroides fragilis and fungal strains 

of Candida albicans and Aspergillus niger. After two weeks’ incubation, all negative 

controls displayed no growth, while all positive controls showed appropriate growth. 

Interestingly, two vials originating from the same suspected illicit internet pharmacy 

displayed bacterial growth after two days of incubation on both media. Moreover, 

after 4 days of incubation, one sample was found to contain 20 CFU while the other 

sample displayed more than 80 CFU. 

Next, in order to identify the detected bacteria, twenty colonies were subsequently 

picked, pooled and analyzed by MALDI-TOF MS. This technique has been widely used 

for the identification of fungi and bacteria [89]. Although reports show that this 

technique minimally results in a 85% correct identification, it can be considered as a 

solid starting point for identification purposes. The queries performed with the MALDI 

Biotyper 3 software (Bruker Daltonics, Bremen, Germany) indicated that the 

microorganism present in both samples corresponded to the Bacillus cereus group. 

This group however, contains eight species (B. anthracis, B. cereus, B. cytotoxicus, B. 

mycoides, B. pseudomycoides, B. thuringiensis, B. toyonensis and B. 

weihenstephanensis) which have a very high genetic (both in genetic synteny and 

content) and spectral resemblance. Therefore, the MALDI-TOF Biotyper methodology 

does not enable us to distinguish between the spectra of Bacillus cereus and the other 

closely related members such as Bacillus anthracis and Bacillus thurigiensis [90–92]. 

Therefore, again at least 20 colonies were picked and pooled for analysis with PCR to 
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verify if these samples indeed contained this microorganism. With the first PCR 

reaction (the amplification of a part of the groEL gene) we challenged previous findings 

and verified if these organisms indeed belonged to the Bacillus cereus group. The 

second PCR reaction (the amplification of a part of the clo gene encoding for cereolysin 

O (Haemolysin I)) pinpointed if the detected microorganism were Bacillus cereus sensu 

stricto. The outcome of these experiments (see Table 1) indeed confirmed the 

presence of this organism in both samples.  

 

Table 10: MALDI-TOF Biotyper score values, the presence of PCR amplicon for the genes groEL 
(Housekeeping gene B. Cereus group) and clo (Cereolysin O), the emetic toxin cereulide (Cer) and the 
enterotoxins haemolysin BL (Hbl), non-haemolytic enterotoxin (Nhe), cytotoxin K (CytK), haemolysin 
II (HlyII) and phospholipase C (Plc). 

 
MALDI 

Biotyper 
Diagnostic 

DNA fragment 
Emeti
c toxin 

Enterotoxins 

 
Log (Score) groEL clo Cer Hbl Nhe CytK HlyII Plc 

Sample 1 2.00 pos pos neg pos pos pos neg pos 

Sample 2 2.12 pos pos neg pos pos pos neg pos 

 

Bacillus cereus, a Gram-positive, sporeforming, aerobic and facultative anaerobic 

bacteria commonly found in soil and food, is generally known as a food pathogen and 

deemed as the third most important cause of food poisoning in Europe. It is however 

unlikely that those peptide samples are taken orally, rather they are injected 

subcutaneously (or intramuscularly/intravenously) and might result in bloodstream 

infections as described by case reports of classical drug users or other toxic effects, 

which could be due to the presence of different virulence products. These virulence 

products can encompass bacterial degradation enzymes, cytotoxic factors and cell-

surface proteins, that can result in promotion of cell destruction and resistance to the 

human immune system [93–95]. The toxic effects of Bacillus cereus infections however 

are probably mediated by synergistic effects of a number of its virulence products. 
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Therefore, in order to evaluate the potential virulence of these bacteria, PCR reactions 

were performed for the genes encoding for the clinically most important toxins namely 

the emetic cyclic depsipeptide cereulide, belonging to the same class as valinomycin, 

two enterotoxic complexes (Haemolysin BL (Hbl) and non-haemolytic enterotoxin 

(Nhe)), the poreforming haemolysin IV (known as Cytotoxin K or CytK) and two other 

enterotoxins, phosphatidylcholine specific phospholipase c  and haemolysin II 

(potential immune suppressive effect) [93,95]. 

As can be seen in Table 1, the bacteria in both samples were negative for the emetic 

peptide cereulide and the enterotoxin haemolysin II but positive for the presence of 

the three major toxins (Hbl, Nhe and CytK) and for the gene encoding 

phosphatidylcholine specific phospholipase c, suggesting that this bacterial strain had 

the potential for haemolytic effects. Indeed, these results were confirmed with the 

presence of yellow discolored halo formations around the colonies, typical for β-

haemolysis, on the columbia blood agar plates (see Figure 1). 

Unlike the emetic toxin cereulide which is expressed and secreted in food samples, 

expression of the two enterotoxin complexes (Hbl and Nhe), cytotoxin K, cereolysin O 

and phospholipase C upon (subcutaneous) injection could result in detrimental local 

or systemic infections as reported in literature [87,94]. 
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Figure 9: Columbia agar + 5% sheep blood plate with Bacillus cereus colonies and the typical β-
haemolytic halo formations  

 

4. Conclusion 

This study describes the systematical screening of 100 suspected falsified injectable 

biopharmaceuticals for microbiological contaminations. Two different preparations, 

originating from the same suspected illegal internet pharmacy were contaminated 

with multiple CFUs that grew very well on the columbia blood plates. Furthermore, 

these CFUs also displayed halo formations resembling β-haemolysis. Analysis via 

MALDI-TOF MS of these colonies pointed to the presence of bacteria belonging to the 

B. cereus group in both preparations. To corroborate these results and identify the 

bacteria on species level, PCR molecular techniques were performed for the clo gene 

of B. cereus sensu stricto. Since these PCR reactions were positive for the respective 

amplicon, thus demonstrating the presence of the potentially pathogenic B. cereus 

senu stricto, the potential virulence of these bacteria was evaluated by means of PCR 

for the clinically most important toxin. Bacteria in both samples were found to be 

negative for cereulide and the enterotoxin haemolysin II but positive for the pore 
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forming haemolysin BL complex, non-haemolytic enterotoxin, cytotoxin K and 

phosphatidylcholine specific phospholipase c.  

Since these bacteria are also known in literature for their involvement in morbidity and 

mortality in intravenous drugs users and patients with invasive treatments it stands to 

reason that these samples may results in adverse (local or systemic) infections upon 

parenteral administration. The reported spectrum of non-gastrointestinal infections 

associated with these bacteria, include fulminant bacteraemia, infections with 

involvement of the central nervous system (meningitis and brain abscesses), 

pneumonia, and gas gangrene-like cutaneous infections. Taken together, this case-

report clearly demonstrates the potential risk of using illegal biopharmaceutical drugs 

regarding public health and that the associated dangers of injectable 

biopharmaceuticals are not limited to addicted heroin or other traditional “drug” 

users, but also encompass patients receiving these falsified medicinal products. 
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The last decades are marked with a tremendous evolution in the comprehension of 

human physiology. Although many physiological processes remain enigmatic, our 

increased understanding has led to a considerable development of different types of 

medical products. A small, but yet a more progressively important segment of this drug 

market consists of proteins and peptides. Moreover, these products are considered to 

be one of the fastest growing branches of the pharmaceutical industry. Unfortunately, 
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the uprising of these powerful and promising drugs went hand in hand with the 

emergence of a parallel black market for falsified versions of genuine peptide and 

protein drugs and falsified versions of unapproved ‘preclinical’ drugs. Indeed, multiple 

alerts have been issued by regulatory agencies regarding the occurrence of falsified 

versions of blockbuster oncology biologicals in the global supply lines. In addition, also 

unapproved drugs can easily be found available on the internet. Most of these “active” 

substances are either purchased as ‘medicine’ (i.e., treatment or prevention of injuries, 

treatment or prevention of disease, …) or as lifestyle drugs. The latter are often 

marketed as an effortless way to attain certain in vogue physical ideals or mental 

characteristics, and are since 2012 regularly encountered during seizures by regulatory 

agencies. Alternatively, also falsified versions of genuine medicines are promoted and 

sold (online) for their illegal off label use to attain the abovementioned desired 

characteristics (e.g., human growth hormone in anti-aging therapy). Hence, it stands 

to reason that today’s black market diversified enormously and is no longer limited to 

sport performance enhancers (e.g., EPO and human growth hormone). 

Although, an accurate quantification of the extent and/or implications of the problem 

is unattainable due to the elusive nature, it is generally acknowledged that the spread 

of these illegal medical products adversely impacts public health and the health sector. 

Consumers have namely no guarantee regarding their efficacy and/or safety. More 

specifically, multiple case-reports have described adverse clinical effects and even 

deadly outcomes. Therefore, various national and international agencies have 

implemented national and international legislations and countermeasures in order to 

curtail these criminal acts. Additionally, to the repressive measures, also 

complementary sensitization campaigns to raise awareness of the dangers of falsified 

medical products are a requisite. 

In order to do so, more research is required to identify the (potential) hazards related 

to the utilization of these preparations. Scientific knowledge on the quality and 

potential clinical implications of these illegal substances is however quite limited and 
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mainly present in the form of separate case-reports. Therefore, we set out to 

systematically screen a representative sample set for potential hazards that could be 

hidden in those falsified preparations. To this end, we developed a HILIC (hydrophilic 

liquid interaction chromatography) method, complementing existing RP-LC methods, 

for the identification and quantification of falsified peptides and screening for putative 

chemical impurities. Subsequently, a representative sample set, composed of the most 

frequently encountered falsified peptide drugs (by the Belgian officials), was evaluated 

for putative chemical impurities and/or contaminants. The screening consisted of the 

identification of the active substance, the identification and semi-quantification of 

product-related impurities and screening for potential chemical 

impurities/contaminants in the form of elemental impurities, residual solvents, 

residual reagents and other ‘small molecule’ contaminants. Thereafter, a sample set 

of 100 injectable falsified peptide and protein drugs was analyzed for the presence of 

microorganisms. 

 

In chapter 5, we presented the testing and utilization of HILIC as a feasible alternative 

to the ‘classical’ RP-LC for the identification and quantification of (polar) falsified 

peptide drugs in the context of detecting and monitoring the proliferation of falsified 

peptide and protein drugs. To this end, five different HILIC columns with different HILIC 

stationary phases (unbounded silica, modified silica, silica support with amide 

functionalities and two different zwitterionic stationary phases) were evaluated by 

means of experimental design. Since the ZIC HILIC gave the overall best performance 

for the parameters resolution and symmetry factor, this column was withheld for 

subsequent method optimization. The parameters used for this optimization included 

the refinement of the flow rate, column temperature and gradient. Moreover, also 

additional adaptations, to enhance the stability and longevity of the respective 

column, were found to be imperative for the analysis of unknown preparations with 

varying amounts of impurities (e.g., mannitol, Triton-X, sucrose, PEG). The 
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incorporation of a post gradient online cleaning step and washing the column post 

analysis with a 100% aqueous phase and sufficient ionic strength (min 20 mM) proved 

to be essential. Subsequent validation, based on the guidelines issued by the world 

health organization regarding the analysis of falsified medical products, demonstrating 

that the method was able to baseline separate all compounds of interest (within the 

required concentration range) and detect and identify all peptides of interest at a 

screening detection limit of 10 µg/ml. The accurate quantification in a relevant range 

of 50 or 100 µg/ml to 500 µg/ml was demonstrated for 6 peptides as proof of principle 

via accuracy profiles according to the ISO 17025 guideline. 

 

In the second part of the analytical work, outlined in chapter 6, a systematic screening 

of a representative sample set was performed to assess the potential chemical hazards 

users may encounter when resorting to falsified peptide and protein drugs. The 

analyzed sample set consisted of samples that contained the ten most frequently 

confiscated peptide drugs by Belgian regulatory agencies. The selected set, mainly 

endogenous peptide hormones or derivatives of endogenous peptide hormones, was 

acquired through three different suspected illegal internet pharmacies, disguised as 

research companies. These samples were analyzed for the presence of API-related 

impurities (and by extension evidently the API), elemental impurities, residual solvents 

and all other possible ‘small molecule’ contaminants and impurities (e.g., excipients, 

residual reagents, by-products). Analysis via RPLC-MSn and HILIC-MSn confirmed the 

presence of all claimed API’s, albeit with high variations between the tree different 

vendors. Moreover, also high variations in the amount of API-related impurities were 

detected. Although the latter observation seemed to be more peptide dependent, as 

peptides with sequences known to be prone to modifications or degradation (e.g., 

peptides with disulphide bridges) were found with high amounts of API-related 

impurities. Most of these API-related impurities (e.g., deamidations, oxidations) can 

also be induced during storage or handling of the preparations. Moreover, only a 
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limited amount of clear synthesis artefacts such as amino acid insertions or deletions 

(not at terminal ends) were observed. 

In addition to the API and API-related impurities, also the presence of elemental 

impurities was assessed by ICP-MS. In a sample set of 29 samples, one sample was 

found to contain up to three times the threshold for lead, while six samples were found 

with concentration up to ten times the respective toxicity limit. Both elements are 

defined as class 1 elemental impurities; meaning elements with no functional utility in 

pharmaceutical preparations and are known to potentially provoke acute, sub-

chronical and chronical adverse health effects. Due to the high frequency and 

concentrations of arsenic, a second batch of preparations was screened and subjected 

to speciation analysis via HPLC-ICP-MS. The obtained results corroborated both latter 

observations and demonstrated that all As was present in the (generally) more toxic 

inorganic form. Other experiments, to screen for the presence of residual solvents or 

other small molecules, demonstrated that all additional identified substances were far 

below the respective ICH toxicity limits. Only the polyol mannitol was frequently found, 

at varying concentrations. Although it is generally well-tolerated, the molecule can 

trigger (in rare cases) unwanted (type I and type IV) hypersensitivity reactions. Taken 

together, the results of this screening for chemical impurities clearly demonstrates 

that multiple (potential) chemical hazards are present in these illegal preparations, 

which ultimately may result in adverse acute and chronic effects. 
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In extension with chapter 6, tackling chemical impurities and contaminations, chapter 

7 describes the set-up and rationale for the analysis of biological impurities and 

contaminations in falsified peptide and protein drugs. The knowledge regarding these 

type of impurities and/or contaminants is however quite scarce and consist mainly of 

case reports describing health issues encountered with microorganisms (and/or their 

endotoxins) in contaminated biotherapeutics. In order to verify if the above‐

mentioned cases are rather exceptional incidents, 100 falsified injectable peptide and 

protein samples were systemically screened for the presence of pathogenic 

microorganisms. The methodology was based on the internationally harmonized 

sterility testing described in the European Pharmacopoeia. The samples originated 

from seizures done by the Federal Agency for Medicines and Health Products (40 

samples), supplemented with 60 samples originating from suspected illicit internet 

pharmacies. Two samples purchased from a suspected illicit Internet pharmacy were 

found to be contaminated with haemolytic bacteria. Further analysis by MALDI–TOF–

MS and molecular techniques (PCR) confirmed the presence of Bacillus cereus sensu 

stricto in both vials. Moreover, the bacterial strain was found positive for genes 

encoding for the most important (haemolytic) enterotoxins. Although B. cereus is a 

well‐known food pathogen, also non‐gastrointestinal infections with even deadly 

outcomes in patients sustaining traumatic or surgical wounds, intravenous drug 

abusers and patients with indwelling catheters have been reported. Thus, taken 

together, the systematic screening of falsified peptide and protein drugs clearly 

demonstrated that contaminations with microorganisms are a serious hazard, 

users/patients resorting to falsified injectable drugs may not neglect. 
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Despite the fact that not all quality aspects stipulated by regulatory agencies were 

investigated (e.g., counterion, osmolarity, correct configuration, presence of process 

related impurities for biologicals), it can be reasoned that multiple hazards, which may 

result in detrimental health effects, were identified and illustrated by those samples. 

Moreover, the occurrence of an inherent positive bias towards the selected sample set 

obtained from the chosen suspected illegal internet pharmacies, could not be excluded 

since the choice of ‘research company’ (i.e. suspected illegal internet pharmacy) was 

based on the positive reputation of these vendors on the different forums discussing 

the use of falsified peptide and protein drugs. Although with this holistic approach we 

were able to pinpoint some potential dangers, in addition to the obvious dangers 

associated with the utilization of unapproved substance, it is impossible to accurately 

quantify the risk associated with the use of these products. However, this study clearly 

demonstrated that serious hazards with potential clinical implications are present in 

these illegal preparations. Therefore, the obtained results can be an important tool, 

upon vulgarisation, to create a broader public awareness amongst users. 
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1. Broader international context and relevance 
 

It’s generally acknowledged that falsified medical products are a major concern for 

public health and the public health sector. Both due to the consequential economic 

losses and the often costly outcomes with regard to the patients’ health, falsified 

medical products have drawn the attention of national and international regulatory 

and legal agencies. The most notorious categories of falsified medical products are 

vaccines, antimalarials and antibiotics in the developing world, due their often 

devastating health effects, and the anti-erectile dysfunction medicines and slimming 
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products due to their popularity in the developed world. A newer and less publicized 

type of falsified medical products are peptides and protein drugs. Although there are 

no accurate estimations of the amount of falsified peptide and protein drugs on the 

black market, the latter undoubtedly make up a small fraction of the entire black 

market. Consequentially, the knowledge regarding potential issues with falsified 

peptide and protein drugs is rather scarce and disperse. Hence, we summarized all 

data regarding the analysis of peptide and protein drugs and the (potential) hazards 

with the usage of these type of drugs in chapter 2. From the review of the literature 

and case-reports, it became clear, that despite the relatively small amount of falsified 

peptide and protein drugs on the black market, a wide variety of falsified peptide an 

protein drugs have been introduced. Moreover, multiple reports in the literature have 

described the presence of multiple (potential) hazards in these preparation. In some 

cases, even adverse clinical effects, ranging from irreversible damage to lethal 

outcomes, have been reported. Additionally, in the case of the falsification of approved 

peptide and protein drugs, pharmaceutical companies endure significant economic 

losses. The development and introduction of these type of products are significant 

investments. Particularly for monoclonal antibodies such as Avastin may lead up to 

more than 2000 USD per dose. Therefore, the production, traffic and promotion of 

these substances cannot be minimalized and has to be countered as demanded by 

international and national bodies. These falsified medical products are nowadays a 

global menace and both comprise falsifications of genuine medicines and unapproved 

substances. Due to rapid expansion of drug markets, the success of these powerful 

drugs and the proliferation of the internet and e-commerce in the case of the traffic of 

unapproved peptide and protein drugs, falsified versions have been encountered on 

different continents. Recently, even expensive anti-cancer monoclonal antibodies 

were detected in Africa. 
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In this regard the HILIC method, presented in chapter 5, is a valuable tool to identify 

(new emerging) falsified peptide and protein drugs and monitor their proliferation. 

Although RPLC methods (in combination with full scan MS/MS mass spectrometers) 

are the golden standard, the developed HILIC complements the existing RPLC 

method(s) and allows for the analysis of small polar peptides. In addition, it can be 

envisaged for the identification of new emerging peptides or conjugated peptides or 

as tool for the screening of samples for impurities and contaminations. The availability 

of multiple analysis methods is an asset due to the emergence of new substance on 

the black market, including unapproved drug targets or lead molecules and the 

increased incidence of falsified lifesaving peptide and protein drugs. Furthermore, 

these methods should also be able to quantify the amount of the present active 

substances next to the identification of the active substance(s). For instance, for 

expensive biotechnology drugs, malevolent purveyors have been known to tamper 

with the amount of active product or falsely label the preparation with a higher 

concentration. Additionally, as described in the example in chapter 1, these analytical 

tools are also a requisite to counter public health crises while the obtained results are 

also relevant information in court cases against criminals implicated in the falsifying of 

medical products. 

Secondly, next to responsive measures such as the monitoring of the black market, 

additional actions are required to counter the demand for falsified peptide and protein 

drugs. The latter is regarded as a keystone in the curtailing of falsified medical product 

since the demand for lifestyle drugs and cheap lifesaving medicines is one of the main 

incentives for illicit purveyors. Hence, holistic approaches as described in chapter 6 and 

chapter 7 are required to increase the knowledge of potential hazards in these falsified 

preparations. Although they may not directly result in adverse clinical outcomes, the 

results pointing to hazards on all levels (API, impurities and chemical and biological 

contaminations) described in chapter 6 and chapter 7 can be used in sensitization 

campaigns. Users of falsified peptide and protein drugs (acquired via the internet) are 
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often aware of the illegitimacy of the acquired products, but are unaware of the 

potential dangers or deem these risks inferior to the potential benefits. In even worse 

cases, such as for the falsified oncology drugs, patients are unaware of the deception 

or are on the verge of despair. Therefore, raising awareness in the general public of 

the existence of falsified peptide and protein drugs and the potential risks 

users/patients take when resorting to these illegal drugs is paramount to counter these 

malevolent practices. 

 

2. Future perspectives 
 

Today, both the public health sector and regulatory agencies cannot neglect the 

detrimental outcomes caused by falsified peptide and protein drugs on both public 

health and the public health sector. Whether this scourge will continue to menace the 

public health of certain subpopulations or spread into the general population (e.g., 

falsified mAbs) remains to be seen. To get a grasp of the potential future issues, a 

deeper look has to be taken into the causes, trends and actions taken to curtail the 

proliferation of these illegal preparations. A common denominator of both falsified 

lifestyle product and falsified lifesaving medicines is the exploitation of the unaware, 

unwary, ignorant or uninformed users/patients by malignant and often malicious 

entities to gather fast and easy money. Hence, measures to cut down the traffic and 

proliferation of falsified peptide and protein drugs either target the supply side or the 

demand for these illegal preparations. The latter is a key aspect since even low cost 

pharmaceuticals have been found to be prone to falsifications when the demand is 

high enough. Or put in other words, these malignant entities cannot prevail, when 

there is no market for these type of products.  

A generally accepted trend in that regard is that the number of biologicals and 

synthetic peptides medicines entering the market will continue to rise. Moreover, 

peptide and protein drugs are one of the main sources of new drug targets/lead 
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molecules and have a higher approval rate than traditional ‘small molecule drugs’. 

Concretely, the (genuine) biopharmaceutical market is expected to grow with 160% 

between 2017 and 2030 [1]. Hence, with the uprising of new drug markets India, China 

and Southeast-Asia and increasing market share of peptide and protein drugs, 

(temporary) drug shortages and a high demand for cheap drugs remain credible. In 

addition, for the lifestyle segment, the internet and by extent internet trade are also 

expected to proliferate, making it more and more difficult for agencies to detect illicit 

websites and seize illicit medical products. In addition, an important aspect, next to 

the size of the future illegal peptide and protein drug market, is its composition. Will 

falsified peptide and protein drugs remain in the (relative) marginality of the lifestyle 

drugs such as doping agents or continue to shift to the more ‘mainstream’ category of 

lifesaving medicines? It stands to reason that the potential damage, on average, is 

higher with falsified lifesaving medicines than with falsified lifestyle drugs. For 

instance, the absence of the active substance, if the only issue, in a doping peptide will 

not result in the same potential dramatic consequences as with a falsified oncology 

drug without an active substance. Furthermore, will new active substances, even 

before approval, continue to emerge on the black market? Such as for instance 

slimming peptides. Which are seen the popularity of other slimming products (e.g. 

Sibutramine) potentially lucrative targets for illicit purveyors. 

 

Therefore, it would be interesting to acquire data on who uses this type of drugs. 

Moreover, statistical data comprising the types of drug used, dosage information and 

the motivation to use this hazardous drugs would be valuable. It would allow for 

exposure estimation (and to determine the difference between amount of drugs 

seized and amount of drugs consumed) while also sensitization campaigns could be 

targeted to specific subpopulation to enhance the efficiency. For instance, on 

specialized internet forums some users claim to be aware of the risks of these type of 
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drugs, but deem them inferior to the potential benefits. In these cases, targeted 

education may effectively make a difference. 

 

For falsified lifesaving however medicines penetrating the global distribution systems, 

also comprehensive measures and actions to secures supply lines and control internet 

trade are required. As discussed in chapter I, legislations are currently being 

implemented, which identify stakeholders and define their responsibilities and 

requires the implementation of track-and-trace or serialization mechanisms to 

safeguard supply lines [2,3]. To this end, new techniques such as radio frequency 

identity tags (RFID) and blockchain technology have been suggested to secure supply 

lines [4]. 

 

Moreover, other new plausible techniques are in situ analytical techniques, which 

allow for the quick and simple detection, quantification and characterization of high 

order structures (and possible degradation) to screen for falsified peptide and protein 

[5]. However, these in situ spectral techniques to screen for falsified peptide and 

protein drugs are only first-line screening systems and cannot replace OMCL 

laboratories, since they only focus on the presence of the (correct) API. In addition, 

they are also often susceptible for interference by potential excipients or 

contaminants. Hence, performant and expensive systems will still be required to 

unequivocally identify the active substance(s) in these illicit preparations and by extent 

identify potential hazards due to contaminations and/or impurities. It leaves little 

doubt that in this context, mass spectrometry, as an untargeted analytical technique, 

will be the golden standard for the elucidation of the content of these type of illegal 

drugs. Particularly for the identification of unknown APIs (e.g., presence of active 

substances which are even not considered as a drug target) and the potential APIs of 

the future, full scan mass spectrometry in combination with a powerful and robust 

separation technique will remain a requisite. However, nowadays advanced oncology 
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drugs are often found without an API or are derived from stolen batches. Which, 

needless to say, raises the question whether illicit purveyors will (attempt to) 

synthesize complex API such as monoclonal antibodies in the future. As discussed in 

chapter II, the characterization of these type of molecules requires technical knowhow 

and multiple analytical techniques. Moreover, API-related impurities will be even more 

difficult to identify. For instance, the identification of a deamidation (1 Da) on an 

antibody (Mw 150 kDa) requires a mass spectrometer with an extremely high resolving 

power next to the use of specific enzymes. Although such modifications will likely have 

no effect on the functionality, deamidations and point mutations have already been 

found to adversely affect functionality [6–8]. Moreover, even point mutation(s) in the 

scaffold (non-binding region) have been found to alter the angle between the variable 

regions (elbow angle) and consequentially affect binding kinetics [9]. It stands to 

reason that more severe changes such as changes in glycosylation profile, 

configuration or heavy modification in the primary sequence adversely affect or alter 

the functionality and stability of the biological of interest. Therefore, performant MS-

based systems (e.g., orbitrap) may be complemented with more pragmatic (biological) 

assays to characterize the respective functional or toxicological response. In contrast, 

to the full elucidation of the primary sequence, higher order structures and 

glycosylation pattern of the falsified substance.  

Secondly, next to the API and potential API-related impurities, biological impurities are 

more likely to occur. Although the presence of these impurities (viral contaminations, 

pyrogens/endotoxins, HCP and residual DNA) was not assessed in this thesis, it may be 

presumed that the analysis of these type of impurities/contaminants may be 

compulsory when more and more falsified biologicals emerge on the black market. 

Already a case-report has described adverse clinical outcomes due to the presence of 

endotoxins in a falsified biotherapeutic [10]. Furthermore, as described in chapter II, 

HCP may adversely affect the API or evoke an adverse immune response [11] while 

residual DNA is (theoretically) linked to oncogenicity, infectivity and immunogenicity 
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due to infectious viral, retroviral polynucleotides and bacterial DNA (high CpG content 

and unmethylated DNA) [12,13]. With regard to the detection and identification, 

sequencing for viral contaminations and residual DNA and mass spectrometry (and 

immunological assays) for HCP will presumably be the most valuable tools. Other 

potentially valuable assays are the MAT and its derivatives, which mimic the human 

immune system ex vivo. Due to the presence of different TLRs (Toll-like receptors) on 

the outer membrane and on endosomes in the cytosol of the present immune cells, a 

wide array of pathogens ranging from endotoxins, bacterial (lipo)proteins to foreign 

DNA and RNA can be detected [14,15]. 

Taken together, three main issues will presumably be important in the future, the 

analysis of more complex or unknown/unapproved peptide and protein drugs, the 

determination of chemical and biological impurities and the implementation of 

technologies to safeguards supply chains and to curtail the illegal online trafficking. 
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Samenvatting en conclusie 
 
 

De laatste decennia zijn gekenmerkt door een enorme evolutie in de 

wetenschappelijke inzichten van de menselijke fysiologie. Hoewel veel fysiologische 

processen nog altijd enigmatisch blijven, heeft de toegenomen kennis geleid tot een 

sterke toename in de ontwikkeling van geneesmiddelen. Een klein, maar in 

toenemende mate prominent segment van deze geneesmiddelenmarkt bestaat uit 

eiwitten en peptiden. Sterker nog, deze producten worden beschouwd als een van de 

snelst groeiende takken van de farmaceutische industrie. Helaas ging de opkomst van 

deze veelbelovende medicijnen hand in hand met de creatie van een parallelle zwarte 

markt voor vervalste versies van zowel erkende als niet-goedgekeurde 'preklinische' 

peptide en proteïne geneesmiddelen. Er zijn namelijk meerdere waarschuwingen 

uitgegeven door officiële instanties aangaande het voorkomen van vervalste versies 

van anti-kanker geneesmiddelen in de wereldwijde distributieketen. Bovendien zijn 

ook niet-goedgekeurde medicijnen gemakkelijk op het internet te vinden. De meeste 

van deze "actieve" stoffen worden (onder valse voorwendselen) als "medicijn" (d.w.z. 

behandeling of preventie van verwondingen, behandeling of preventie van ziekte, ...) 

of als “lifestyle” geneesmiddel verkocht. Deze laatste worden vaak gepromoot via het 

internet als een moeiteloze manier om bepaalde fysieke idealen of mentale 

kenmerken te bereiken en worden sinds 2010 regelmatig aangetroffen tijdens 

inbeslagnames door officiële instanties. Verder worden ook vervalste versies van echte 

geneesmiddelen (online) gepromoot en verkocht voor hun (illegaal) off-label gebruik 

om de bovengenoemde gewenste kenmerken te bereiken (bijv. het gebruik van 

groeihormoon bij anti-verouderingsbehandelingen). Er kan dus besloten worden dat 
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de zwarte markt enorm sterk gediversifieerd is de laatste jaren en niet langer beperkt 

is tot sportprestatieversterkers (bv. EPO en menselijk groeihormoon). 

Hoewel een nauwkeurige kwantificering van de omvang en/of gevolgen van deze 

problematiek onhaalbaar is vanwege het illegale karakter, wordt algemeen erkend dat 

de verspreiding van deze illegale medische producten een nadelige tot destructieve 

invloed heeft op de volksgezondheid en de gezondheidssector. Vervalste medische 

producten bieden namelijk geen enkele garantie omtrent het geclaimde therapeutisch 

effect en/of veiligheid. Daarom hebben nationale en internationale instanties 

verschillende (nationale en internationale) wetgevingen en tegenmaatregelen 

geïmplementeerd om deze criminele handelingen in te perken. Daarnaast zijn er 

echter ook sensibiliseringscampagnes nodig om het bewustzijn van de gevaren met 

betrekking tot het gebruik van vervalste medische producten te vergroten. 

Om dit concreet in te vullen, is er meer onderzoek nodig om de potentiële gevaren te 

identificeren die verbonden zijn aan het gebruik van deze preparaten. De 

wetenschappelijke kennis over de kwaliteit en de potentiële klinische implicaties van 

deze illegale stoffen is momenteel echter beperkt en verspreid over meerdere 

individuele casussen. Daarom werd een representatieve steekproef systematisch 

gescreend op mogelijke gevaren die aanwezig in die vervalste preparaten. Hiertoe 

werd een HILIC (hydrofiele vloeistofinteractiechromatografie) methode ontwikkeld, 

als aanvulling op bestaande RP-LC-methoden, voor de identificatie en kwantificatie van 

vervalste peptiden. Vervolgens werd een representatieve steekproef, samengesteld 

uit de meest frequent aangetroffen vervalste peptidegeneesmiddelen (door de 

Belgische ambtenaren), beoordeeld op vermoedelijke chemische 

onzuiverheden/contaminanten naast mogelijk “actieve substanties”. De screening 

bestond uit de identificatie van de werkzame stof, de identificatie en semi-

kwantificatie van product-gerelateerde onzuiverheden en screening op elementaire 

onzuiverheden, residuele solventen, resterende reagentia en andere ‘small molecule’ 
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contaminanten. Daarna werden 100 injecteerbare vervalste peptide- en 

eiwitgeneesmiddelen als steekproef geanalyseerd op de aanwezigheid van micro-

organismen. 

 

In hoofdstuk 5 wordt het testen en gebruik van HILIC, als een haalbaar alternatief voor 

de 'klassieke' RP-LC voor de identificatie en kwantificatie van (polaire) vervalste 

peptidegeneesmiddelen in de context van het detecteren en bewaken van de 

verspreiding van vervalste biotherapeutics, beschreven. Hiertoe werden vijf 

verschillende HILIC-kolommen met verschillende HILIC-stationaire fasen (niet 

gebonden silica, gemodificeerde silica, silica met amidefunctionaliteiten en twee 

verschillende zwitterionische stationaire fasen) geëvalueerd door middel van 

experimentele proefopzetting. Aangezien de ZIC HILIC, globaal gezien, de beste 

prestaties voor de parameters resolutie en symmetrie factor leverde, werd deze kolom 

weerhouden voor verdere optimalisatie en validatie. De variabelen die voor deze 

optimalisatie werden gebruikt, omvatten de verfijning van het volumedebiet, 

kolomtemperatuur en gradiënt. Bovendien bleken ook aanvullende aanpassingen, om 

de stabiliteit en levensduur van de kolom te verbeteren, noodzakelijk voor de analyse 

van onbekende preparaten met variërende hoeveelheden onzuiverheden (bv. 

mannitol, Triton-X, sucrose, PEG). Het toevoegen van een post-gradiënt online 

reinigingsstap en het wassen van de kolom na analyse met een 100% waterige fase 

met voldoende ion sterkte (minimaal 20 mM) bleek namelijk essentieel te zijn. De 

daaropvolgende validatie, gebaseerd op de richtlijnen van de Verenigde Naties met 

betrekking tot de analyse van vervalste medische producten, toonde aan dat de 

methode in staat was om alle relevante verbindingen (binnen het vereiste 

concentratiegebied) te scheiden en alle peptiden van interesse te detecteren en 

identificeren op een screening detectielimiet van 10 μg/ml. Kwantificatie in een 

relevant bereik van 50 of 100 μg/ml tot 500 μg/ml werd gedemonstreerd voor 6 
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peptiden, als bewijs van het principe, via nauwkeurigheidsprofielen volgens de ISO 

17025-richtlijn. 

 

In het tweede deel van het analytische werk, beschreven in hoofdstuk 6, werd een 

systematische screening van een representatieve steekproef uitgevoerd om de 

potentiële chemische gevaren te beoordelen die gebruikers kunnen tegenkomen bij 

het gebruik van vervalste peptide “geneesmiddelen”. De geanalyseerde verzameling 

stalen bestond uit de tien meest frequent in beslag genomen peptidegeneesmiddelen 

door Belgische instanties. De geselecteerde set, voornamelijk endogene 

peptidehormonen of analogen van endogene peptidehormonen, werd verkregen via 

drie verschillende vermoedelijke illegale internetapotheken, vermomd als 

onderzoeksbedrijven. Deze stalen werden geanalyseerd op de aanwezigheid van 

product-gerelateerde onzuiverheden (en bijgevolg de aanwezige actieve 

substantie(s)), elementaire onzuiverheden, residuele solventen en alle andere 

mogelijke “small molecule”-contaminanten en onzuiverheden (zoals bijvoorbeeld, 

excipiëntia, resterende reagentia en bijproducten). Analyse via RPLC-MSn en HILIC-MSn 

bevestigden de aanwezigheid van alle geclaimde actieve substanties, hoewel er een 

sterke variatie werd waargenomen tussen de verschillende peptide preparaten. 

Bovendien werden ook grote variaties in de hoeveelheid aan product-gerelateerde 

onzuiverheden gedetecteerd. Deze waarneming was wel meer uitgesproken voor 

peptiden waarvan bekend is dat ze gevoelig zijn voor modificaties (bijv. peptiden met 

disulfidebruggen). De variatie in hoeveelheid peptide en zuiverheid kan dus mogelijk 

verklaard worden door de verschillen in degradatieproducten en de snelheid van 

degradatie. Het merendeel van de geïdentificeerde product-gerelateerde 

onzuiverheden zou namelijk ook spontaan ontstaan kunnen zijn tijdens de 

(gebrekkige) opslag of hantering van de preparaten. Bovendien werden er ook maar 

weinig duidelijke syntheseartefacten zoals aminozuurinserties of deleties (niet bij 
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terminale uiteinden) waargenomen. Gezien negen van de tien geteste peptide 

“geneesmiddelen” (nog) niet geregistreerd zijn als geneesmiddel, is er weinig data 

bekend omtrent de mogelijke klinische implicaties van de geïdentificeerde product-

gerelateerde onzuiverheden. 

Naast de actieve substanties en mogelijke product-gerelateerde onzuiverheden werd 

ook de aanwezigheid van elementaire onzuiverheden via ICP-MS geëvalueerd. Door 

middel van deze techniek werden twee klasse 1 elementaire onzuiverheden, lood en 

arseen, bij respectievelijk een concentratie tot drie en tienmaal de toxiciteitsgrens 

gedetecteerd in meerdere stalen. In een steekproef van 29 monsters bleek één 

monster te veel lood te bevatten, terwijl zes monsters de drempel voor arseen 

overschreden. Beide elementen worden gedefinieerd als elementen zonder 

functionele bruikbaarheid in farmaceutische preparaten en mogelijk acute, 

subchronische en chronische nadelige gezondheidseffecten veroorzaken. Vanwege de 

hoge frequentie en concentraties van gedetecteerd arseen, werd een tweede partij 

preparaten gescreend en onderworpen aan speciatie-analyse via HPLC-ICP-MS. De 

verkregen resultaten bevestigden beide laatste waarnemingen en demonstreerden 

dat arseen exclusief aanwezig was in de (in het algemeen aangenomen) meer toxische 

anorganische vorm. Andere experimenten om te screenen op de aanwezigheid van 

residuele solventen of andere “small molecules”, toonden aan dat alle andere 

geïdentificeerde stoffen ver onder de respectieve ICH-toxiciteitsgrenzen lagen. Verder 

werd enkel mannitol frequent aangetroffen in sterk variërende concentraties. Over het 

algemeen wordt dit polyol goed verdragen, maar in uitzonderlijke gevallen kan het 

molecuul ongewenste (type I en type IV) overgevoeligheidsreacties veroorzaken. 

 

In aanvulling op hoofdstuk VI, het identificeren van chemische onzuiverheden en 

contaminanten, beschrijft hoofdstuk VII de opzet en reden voor de analyse van 

biologische onzuiverheden/contaminanten in vervalste biotechnologische 
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geneesmiddelen. De kennis met betrekking tot dit soort 

onzuiverheden/contaminanten is echter vrij schaars en bestaat voornamelijk uit 

casussen die de aanwezigheid van micro-organismen (of hun virulente componenten) 

in besmette biotherapeutica preparaten beschrijven. Om na te gaan of de 

bovengenoemde gevallen eerder uitzonderlijke incidenten met vervalste injecteerbare 

biotherapeutica zijn, werden 100 illegale injecteerbare peptide en proteïne 

“geneesmiddelen” systematisch gescreend op de aanwezigheid van pathogene micro-

organismen met behulp van een methodologie gebaseerd op de internationaal 

geharmoniseerde steriliteitstests beschreven in de Europese Farmacopee. De stalen 

waren afkomstig van inbeslagnemingen door het Federaal Agentschap voor 

Geneesmiddelen en Gezondheidsproducten (40 stalen), aangevuld met de stalen 

afkomstig van verdachte illegale internetapotheken (60 stalen). Twee stalen, gekocht 

bij een vermoedelijk illegale internetapotheek, bleken besmet met hemolytische 

bacteriën. Verdere analyse met behulp van MALDI-TOF-MS en moleculaire technieken 

(PCR) identificeerde de aanwezige micro-organismen als Bacillus cereus sensu stricto. 

Verder werd via PCR aangetoond dat de bacteriële stam positief was voor genen die 

coderen voor de belangrijkste (hemolytische) enterotoxinen. Hoewel B. cereus een 

bekende voedselpathogeen is, zijn ook niet-gastro-intestinale infecties met zelfs 

dodelijke afloop beschreven bij patiënten met traumatische of chirurgische wonden, 

intraveneuze drugsverslaafden en patiënten met invasieve medische hulpmiddelen. 

Aldus heeft de systematische screening van vervalste biotherapeutica duidelijk 

aangetoond dat contaminaties met micro-organismen een ernstig gevaar vormen, dat 

gebruikers/patiënten die hun toevlucht nemen tot vervalste biotechnologische 

geneesmiddelen niet mogen verwaarlozen.  

Hoewel niet alle kwaliteitsaspecten werden onderzocht (bijv. counter-ion, 

osmolariteit, correcte configuratie, aanwezigheid van proces-gerelateerde 

onzuiverheden voor recombinante polypeptide), kan worden besloten dat meerdere 
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gevaren werden geïdentificeerd en geïllustreerd, die mogelijk schadelijke gevolgen 

kunnen hebben voor de gezondheid. Bovendien kon het voorkomen van een inherente 

positieve bias van de geselecteerde steekproef niet worden uitgesloten, aangezien de 

keuze voor een “onderzoeksbedrijf” (d.w.z., een vermoedelijke illegale 

internetapotheek) gebaseerd was op de populariteit/positieve reputatie van deze 

verkopers op de verschillende forums over het gebruik van vervalste peptiden en 

proteïne geneesmiddelen. 

Hoewel deze holistische benadering toeliet om enkele (potentiële) gevaren aan te 

wijzen, naast het overduidelijke gevaar dat gepaard gaat met het gebruik van niet-

goedgekeurde substanties, is het onmogelijk om het risico van het gebruik van deze 

producten nauwkeurig te kwantificeren. Deze studie heeft echter duidelijk 

aangetoond dat ernstige gevaren met potentiële klinische implicaties aanwezig zijn in 

deze illegale preparaten, en bevestigd eerdere individuele rapporten omtrent 

ongunstige klinische effecten en casussen met dodelijke afloop na administratie van 

vervalste peptide en proteïne geneesmiddelen. Daarom kunnen de verkregen 

resultaten, na vulgarisatie, een belangrijk hulpmiddel zijn om een groter bewustzijn te 

creëren omtrent de gevaren van vervalste “medicinale” peptide en proteïne 

preparaten. 
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