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Abstract 
 
Insulin-like growth factor-I (IGF-I) has been on the World Anti-Doping Agency's 
prohibited list, due to its anabolic effects such as stimulation on muscle protein synthesis, 
glycogen storage promotion, tendon collagen synthesis and lipolysis enhancement. 
Besides, IGF-I mediates many of the anabolic effects of growth hormone (GH); therefore, 
it is a promising part of a strategy to reveal the abuse of GH by serving as a biomarker. 
Serum IGF-I concentrations usually reflect GH status that elevated IGF-I levels are 
observed in acromegaly, and IGF-I concentrations are low in patients with GH deficiency. 
There is a paramount importance of determination of the valid reference values to 
quantify the plasma and/or urinary levels of IGF-I, so that the results could be 
distinguished accordingly, between ‘normal’ and ‘abnormal’ concentrations. Since there 
are many parameters to consider and the levels of IGF-I vary considerably, especially with 
age, where its concentration drops 35% per decade, the definition of such reference values 
is still ongoing. 
 
Traditionally, IGF-I has been measured by using commercial immunoassay. Nevertheless, 
due to the reported lot-to-lot reagent variation in IGF-I assay and the global supply 
disruption of immunoassay kit, the reliability of immunoassay for GH disorders was 
questioned. Accurate measurement of IGF-I is desperately in need not only for the 
detection of performance-enhancing drug (PED) purpose but patients with GH disorders 
as well, as the regular measurement of serum IGF-I is required for management and 
treatment monitoring. Furthermore, the tests indeed need to be precise and robust 
enough to withstand legal challenge, while minimising the risk of false accusation. 
Objectives of this thesis work were to study current detection methods and its validity, 
and questions below were to be answered. 

 How is IGF-I detected currently? 
 What can be done to increase accuracy in detecting? 
 Can the method be applied to urinary samples? 
 Are there any differences in quality of IGF-I as medical supply and the ones sold 

on the black market?    

Liquid chromatography-mass spectrometry (LC-MS) is an analytical method in which 
analytes are separated by their physical properties on a stationary chromatographic 
phase, followed by detection based on their specific molecular mass to charge ratio (m/z). 
IGF-I screening by liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
revealed its robust efficacy, exceptionally when executed by using in combination with 
other multiple machines. Although urinary sample did not match the criteria of GH-2000 
biomarker test, it showed the potential due to its speed and need of small specimen. 
There was a vast difference in quality between medical- and black market-products, 
which raised a new problem.  Besides, some of the new potential markers, which correlate 
to the positive IGF-I detection results other than the traditional ones were discovered 
during the experiments. 
 
Although there are many tasks to fulfil the accuracy and robustness of the methods, 
including reduced labour intensiveness, the establishment of the reference values and 
development of techniques, as well as harmonisation of machinery, determination of 
international standardised units of measurement of analytes, etc.  
Still, the future seems bright together with the expectation of further development in 
techniques and technologies. 
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Introduction 
 
IGF-I seems to be the new go-to-PED for dopers due to the improved GH detection 
methods [1]. Apart from the unethical aspect of PED use in sports, it is crucial to consider 
the tremendous risk to the physical condition, as well as side effects, polypharmacy and 
substance dependence. The detection of IGF-I abuse is a significant challenge for anti-
doping organisations and poses many of the problems already encountered in detecting 
GH abuse [1]. 
 
 
IGF-I and its functions 
 
IGF-I, as known as somatomedin C [2], is a single-chain polypeptide hormone consisting 
of 70 amino acids, which has a molecular weight of 7.6 kDa [3] and mediates many of the 
anabolic effects of GH and to act as a circulating marker of GH action [1]. Administration 
of IGF-I itself can accomplish some of the anabolic effects as well [4]. 
 
The term “insulin-like” is used because of its functional and structural similarities to 
insulin [3]. IGF-I has a significant ability to stimulate glucose uptake into fat cells and 
muscle. Moreover, it shares approximately 50% amino acid identity with insulin [5]. Due 
to the similarities between the IGF-I receptor and the insulin receptor, there is some 
cross-reactivity that accounts for similar side effects such as hypoglycaemia [6]. 
 
Growth is regulated by the integration of environmental signals, such as nutritional and 
seasonal cues, with endogenous neuroendocrine responses to the generic programs that 
ultimately determine the body plan [5]. GH is imperative for growth in the postnatal 
period and produced by the anterior pituitary gland [2]. IGF-I is mainly secreted from 
hepatocytes in the liver [2,3], even though researchers have shown both in vivo and vitro 
that it is synthesized in most tissues as well [3]. 
 
At least 80 % of circulating IGF-I binds to a ternary complex comprising IGF-I, insulin-
like growth factor binding protein-3 (IGFBP-3) and an acid-labile subunit (ALS) in the 
serum. Serum IGF-I concentrations are usually an indicator of GH status that elevated 
IGF-I levels are found in acromegaly, and IGF-I concentrations are low in patients with 
GH deficiency. Expression and translation of the IGF-I gene are insulin-dependent, thus 
among type 1 diabetes patients who have developed a state of apparent hepatic GH 
resistance, the level of GH and IGF-I are not proportional. Moreover, nutritional status 
regulates IGF-I synthesis, as starvation over a period of a few days leads to a reduction in 
circulating IGF-I and low IGF-I levels are observed in people with anorexia nervosa [3]. 
 
As the insulin-like growth factors (IGFs) are integral components of multiple systems 
controlling both growth and metabolism, IGFs play a critical role in wide-ranging fields, 
e.g., cell cycle control and apoptosis as well as two functions involved in regulation of 
tumorigenesis. Due to IGFs broad scope of features, it is recognised highly problematic 
when devising the potential therapeutic uses [5]. However, recombinant human IGF-I 
(rhIGF-I) is administrated to severely catabolic patients reduces the negative nitrogen 
balance associated with moderate caloric restriction, promotes recovery from hypoxic-
ischemic episodes in cardiac and nervous tissues in animal models, corrects the 
hyperglycaemia of diabetic patients with insulin resistance [5], to the neurodegenerative 
disorder amyotrophic lateral sclerosis patients [3] and has other important roles in 
physiological and pathophysiological conditions in paediatric and adult endocrinology 
[5]. Various possible target diseases such as myotonic muscular dystrophy and Lou 
Gehrig's disease are under investigation [7]. rhIGF-I is produced by use of recombinant 
DNA technology because there is no natural source of IGF-I available for clinical use, and 
endogenous IGF-I and exogenous rhIGF-I share the identical amino acid sequences [3]. 
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IGF-I abuse in sports 
 
Muscle protein synthesis, glycogen storage promotion, tendon collagen synthesis and 
lipolysis enhancement are stimulated by IGF-I; therefore, it is thought to be attractive as 
a potential PED [3].  
 
The World Anti-Doping Agency (WADA) determines the Prohibited List, which identifies 
the prohibited substances and prohibited methods for athletes. Athletes are defined as 
any person who competes in a sport at the international level (as defined by each 
International Federation) or the national level (as defined by each National Anti-Doping 
Organization) [8]. IGF-I has been on the prohibited list [1,6,9] since 2003 [6]. 
 
Since commercial preparations of rhIGF-I have been developed by pharmaceutical 
companies for treatment of growth failure in children with growth hormone insensitivity 
syndrome (GHIS), it has increased the opportunity for athletes to reach supplies of the 
drug [1]. It is estimated that 25% of sportsmen take the combination of anabolic 
androgenic steroid (AAS) and IGF-I as PED [6]. Modified yielding more potent IGF-I 
analogues such as des (1‐3) IGF-I and long-R3-IGF-I show a considerably reduced 

affinity to the respective binding proteins in plasma; therefore, they reach increased 
bioavailability, which is assumed to be caused by faster clearance into the target tissue 
compared with native IGF-I [7]. It is claimed that analogues increase muscle size and 
strength, give improvements in energy and endurance, the benefit to the immune system, 
and increased bone density by amateur misusers on the internet [3]. However, these 
expected validities have not yet received clinical approval [3,4]. 
 
 
Adverse effects 
 
Hypoglycaemia, jaw pain, myalgia, fluid retention, headache [1,3], and seizures [3] have 
been associated with adverse effects with rhIGF treatment [1,3]. Erythema at local 
injection-site and lipohypertrophy, headaches, increased liver, and kidney size and 
alterations in liver function have been observed in rhIGF-I/rhIGFBP-3 treatment [3]. 
Long-term misuse of exogenous IGF-I could result in adverse effects similar to those 
observed in acromegaly patients [6], such as cardiac valve dysfunction, as acromegaly is a 
disorder characterised by sustained hypersecretion of GH and increased serum IGF-I 
concentrations [3]. 
 
A positive correlation has been observed between circulating IGF-I concentrations and 
the incidence of prostate, colorectal, and (premenopausal [2]) breast cancers [2,3,6] 
because physical alterations generated by sports, for instance, increased muscle fibres by 
training or drug abuse, may induce a changed epigenetic profile leading to a modified 
gene expression. There seems to be no increased risk of cancer when GH is administrated 
at physiological replacement doses, but there is mounting evidence that higher GH intake 
than physiological doses for many years may be associated with increased incidences of 
colorectal, thyroid, breast and prostate cancers. High levels of circulating IGF-I were 
detected in serum among these cancer patients, and it has been associated with cancer 
risk and cancer prognosis [6]. However, there is controversy over the potential increase in 
cancer risk associated with the chronic GH and IGF-I excess observed in acromegaly, as 
the most prevalent causes of death in acromegaly are the cardiovascular and respiratory 
disease [3]. 
 
In a study with mice (n=156) has shown that low IGF-I concentration inhibits the growth 
of colon cancer and reduce cancer spreading. Types of drugs that target IGF-I signal 
transduction have demonstrated anti-neoplastic activity when the IGF-I concentration is 
low. Additionally, the signaling pathway of IGF-I is involved in the very early phase of 
tumour development and progression. However, more study is needed to concede the 
correlation. Experiments have revealed that cancer cells have an increased expression of 
IGF-I receptors [2]. Mitogenic and anti-apoptotic effects in neoplastic tissue are caused 
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by activation of IGF-I receptor which induces Akt and MAPK signaling networks which 
promote muscle-specific gene expressions [6]. IGF-I may provide an anti-apoptotic 
environment that may favour survival of cancer cells; therefore IGF-I level in the blood 
may be an essential early indicator that can confirm a tumour is developing in the body. 
Moreover, as exercise increases catabolic proinflammatory cytokines such as interleukin-
6 (IL-6), IL-1 and tumour necrosis factor α which could be associated with rheumatic 
diseases development, cardiovascular diseases, and metabolic syndrome. Also, as IGF-I is 
one of the leading growth factors implicated in bone remodelling, “overtraining” can lead 
to unfavourable and unbound IGF-I levels and consequences in hormone-cancer 
development and osteoarthritis. However, the balance between anabolic and catabolic 
components depends on individual predisposition to the training load and to tolerate it 
[2]. 
 
 
Correlation between IGF-I-and IGFBPs-levels and exercises 
 
There are six types of IGFBPs known today [2,7]. IGFBPs play a critical role in involving 
storage of IGF-I [2] by elevating the half-life of its disintegration and protect tissues from 
undesirable effects of IGF-I [7]. IGFBPs modulate the cellular response to IGF, and it is 
IGFBP-3 which regulates growth independently of IGF-I. It is reported that IGFBP-3 level 
seems to increase as well as IGF-I level during a short-term (20 mins) exercise [2]. There 
is a significant impact on the correlation between circulating IGF-I and IGFBP 
concentration and physical fitness, although it has not yet been proven if administering 
rhIGF-I to healthy athletes would improve physical performance or indeed alter body 
composition [1].  
 
As GH stimulates IGF in skeletal muscle, promoting satellite cell activation, proliferation, 
and differentiation, IGF-I level increases during exercise and may decrease when physical 
activity is reduced. However, the levels of IGF secretion should be examined locally (in 
tissue) and peripherally (in serum) along with the type, intensity, and duration of 
exercises, as the level of secretion is variable [2]. 
 
 
Detection of IGF-I abuse in athletes 
 
There is no standardised and robust test method for determination of IGF-I abuse; 
therefore, current detection methods are based on the successful GH detection methods 
[1,3,6]. Two of the investigation methods which are approved by WADA is the isoform 
test [3,6,11] using immunoassay and the GH-2000 biomarker test using immunoassay 
together with mass spectrometric methods (MS) developed by the GH-2000 and GH-
2004 projects [11]. Electrophoresis methods cannot be applied to detect analytes because 
the amino acid sequence of rhIGF-I is identical with that of endogenous IGF-I. As a 
result, techniques such as electrophoresis, which rely on electrical charge differences 
between the endogenous and exogenous forms of prohibited hormones, cannot be used to 
detect rhIGF-I administration [3]. 
 
The GH-2000 biomarker test is defined as “A Methodology for the Detection of Doping 
with Growth Hormone & Related Substances. EU Contract Number: BMH4 CT950678 
Official Contractual period: 1st January 1996-31st January 1999” [10]. 
In the GH-2000 biomarker test, two markers such as IGF-I and the bone growth marker 
procollagen III N-terminal peptide (P-III-NP) are measured as these proteins provided 
the best discrimination in response to recombinant human GH (rhGH) administration 
between athletes receiving rhGH and those receiving placebo. Moreover, they are largely 
unaffected by exercise. The GH-2000 score, gender-specific discriminant functions is 
established by collecting serum samples of eight-hundred and thirteen elite athletes as 
the serum marker concentrations are affected by age, sporting discipline, and body 
composition. The method has been in use since the London Olympic and Paralympic 
Games 2012 and led to the suspension of two Paralympic powerlifters. For proper sample 



 

4 
 

handling to ensure the stability of IGF-I and P-III-NP concentrations, samples must be 
transported chilled at approximately 4 °C, and serum can be analysed immediately after 
centrifugation or stored at −20 °C for up to three months before analysis [3]. 
 

[11] 
 

Various approaches were reported to detect and quantify IGF-related peptides for sports 
drug testing purposes in plasma, serum, and urine using mass spectrometry. 
Presently, there are three IGF-I assays and two P-III-NP assays approved by WADA.   
 
The IGF-I assays;  

 Liquid chromatography-tandem mass spectrometry (LC-MS/MS) 

 Immunotech A15729 IGF-I IRMA (Immunotech SAS, Marseille, France) 

 Immunodiagnostic Systems iSYS IGF-I (Immunodiagnostics Systems Limited, 
Boldon, UK)  

 
The P-III-NP assays; 

 UniQ IM P-III-NP RIA (Orion Diagnostica, Espoo, Finland) 

 Siemens ADVIA Centaur P-III-NP (Siemens Healthcare Laboratory Diagnostics, 
Camberley, UK) [11] 

 
 
Overview of Mass Spectrometry for Protein Analysis   

Mass spectrometry is a technique which has been in use for almost 100 years, and today it 
is used to detect, identify and quantitate molecules based on their mass-to-charge (m/z) 
ratio. The development of macromolecule ionization methods, e.g., electrospray 
ionization (ESI) enabled the study of protein structure by MS. Ionisation to allow to 
obtain protein mass "fingerprints" that could be matched to proteins and peptides in 
databases to identify unknown targets. New isotopic tagging methods lead to the 
quantitation of target proteins both in relative and absolute quantities, and all these 
technological advancements have resulted in methods that successfully analyse samples 
in solid, liquid or gas phase. The sensitivity of current mass spectrometers is to detect 
analytes at concentrations in the attomolar range (10-18). The recent development of 
high-throughput and quantitative MS proteomics workflows has broadened the scope of 
what was known about protein structure, function, and modification, as well as global 
protein dynamics. 

All mass spectrometers are equipped with an ion source, a mass analyser, and an ion 
detector. When the mass spectrometer is loaded by samples in liquid, gas or dried form, 
samples are then vaporised and ionised by the ion source (e.g., APCI, DART, ESI). The 
ions meet electric and/or magnetic fields from mass analysers, which deflect the paths of 
individual ions based on their m/z ratio. Common mass analysers include time-of-flight 
(TOF), orbitraps, quadrupoles and ion traps, and each type has specific characteristics. 
Mass analysers can be used either to separate all analytes in a sample for global analysis 
or to be used as a filter to deflect only particular ions towards the detector. Ions that have 
favourably been deflected by the mass analysers then hit the ion detector, and these 
detectors are mostly electron multipliers or microchannel plates that discharge a cascade 
of electrons when each ion hits the detector plate. It is this cascade which results in 
amplification of each ion hit for improved sensitivity. This entire process needs to be 
carried out under an extreme vacuum (10-6 to 10-8 torr) in order to remove gas 
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molecules and neutral and contaminating non-sample ions, which can result in colliding 
with sample ions and alter their paths or produce non-specific reaction products. Mass 
spectrometers are connected to computer-based software platforms which measure ion 
oscillation frequencies and obtain mass spectra using image current detection. Data 
analysis programs detect ions and organise them by their individual m/z ratios and 
relative abundance. These ions can then be identified via established databases that 
forecast the identity of the molecule based on its m/z ratio [12]. 

 
Tandem mass spectrometry (MS/MS) 
 
By MS/MS, additional information about specific ions can be detected. Distinct ions of 
interest are in a quadrupole filter based on their m/z ratio during the first round of MS 
and are fragmented by some different dissociation methods, and these fragments are then 
separated based on their individual m/z ratios in another round of MS. The fragments are 
to be used to match predicted peptide or nucleic acid sequences, respectively, that are 
found in databases such as IPI, RefSeq and UniProtKB/Swiss-Prot.  
Two methods of separation, MS and MS/MS are commonly used to partition the target 
analyte(s) from the other molecules in a sample, due to the complexity of the biological 
samples [12]. 
 
 
Liquid chromatography (LC) 
 
LC are conventional methods of pre-MS separation that are used when analysing complex 
liquid samples by MS. Liquid chromatography-mass spectrometry (LC-MS) is often 
applied to the analysis of thermally unstable and non-volatile molecules (e.g., sensitive 
biological fluids). With LC-MS, electrospray ionization (ESI) is commonly utilized for 
ionization of the compound, resulting in the production of aerosolized ions as it is 
introduced into the mass spectrometer [12]. 
 
 
High performance liquid chromatography (HPLC) 
 
As most biological samples are liquid and non-volatile, HPLC is the most common 
separation method to study biological samples by MS or MS/MS (termed LC-MS or LC-
MS/MS, respectively). The "in-line" liquid chromatography (LC linked directly to MS) 
allows a high-throughput approach to sample analysis, enabling the elution of multiple 
analytes through the column at different rates to be immediately analysed by MS. For 
example, 1 to 5 peptides in a complex of a biological mixture can be examined in seconds 
by in-line LC-MS/MS [12]. 
 
 
The use of LC-MS in IGF-I quantitation in the clinical setting is relatively new, and the 
assays were first reported in 2001 by de Kock et al. and by Bobin et al [13]. 
Although highly sensitive and specific MS methods have been used successfully to detect 
AAS misuse, it is difficult to apply the same approach to detect IGF-I and P-III-NP, 
because they are large and complex peptides [1,3]. Furthermore, the limitations were due 
to a lack of valid LC-MS assay harmonization and standardization, expensive LC-MS 
platform instrumentation and method development [13]. At the moment MS methods 
and immunoassays can detect IGF-I, whereas no MS methods have yet been developed 
for measurement of P-III-NP [11]. 
 
At least two types of IGF-I sequence variants were reported, of which, one of these 
variants was confirmed to be pathogenic. Excluding the issue of assay stability, an 
immunoassay is not able to differentiate between wild-type IGF-I and genetic variants of 
IGF-I. Failure to distinguish between sequence variants may cause a falsely high 
measured value of wild-type, bioactive IGF-I, not only in doping detections- but in the 
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pharmacological- point of view. Patient management may be affected if pathogenic IGF-I 
variants were not identified without delay [13]. 
 
Disrupting IGF-I from its complex with IGFBPs is the issue here as well as in 
immunoassays [1,3,13]. One published technique for achieving this involves the addition 
of sodium dodecyl sulphate (SDS) to plasma. Liquid chromatography–electrospray 
ionisation tandem MS (LC–ESI–MS/MS) could identify the synthetic IGF-I analogue 
long-R3-IGF-I, another compound believed to be a popular substance of misuse. Also, 
ultra-high-performance liquid chromatography–tandem MS (uHPLC–MS/MS) together 
with a simple acetonitrile depletion strategy could detect IGF-I in combination with 
another marker, leucine-rich alpha-2-glycoprotein (LRG) [3]. Although emerging MS 
methods including proteomic profiling method are being developed for measuring IGF-I 
misuse, these approaches have not yet been fully validated [1]. 
 
There are two approaches exist for LC-MS analysis of proteins, such as top-down- and 
bottom-up-approaches.  
In “top-down” approach, the ions which enter the MS instrument carry the complete 
amino acid sequence information of the respective intact protein, and in most cases, the 
analytes ions are intact protein without proteolysis by an enzymatic or chemical method. 
Differently, in “bottom-up” approach, the analytes ions only carry a partial amino acid 
sequence of the intact protein. Usually, the ions are peptides generated by protease 
digestion, and each ion is representing a fragment of the intact proteins [13]. 

 
 
Bottom-Up Approach 
 
The bottom-up approach is based on the hypothesis that the generation of proteolytic 
peptides is stoichiometrically correlated to the parent proteins. The concentration of 
parent proteins can be obtained by quantitating the proteolytic peptides. 
A relatively general analytical platform for a diverse range of protein is provided by this 
approach with the requirement of more stringent quality control protocol to monitor 
analytical variation arising from enzymatic digestion to peptide purification.  
Since the endogenous concentration of IGF-I cannot be examined externally, the spike-in 
method may also damage the accuracy of the bottom-up assay [13]. 
 
 
Top-Down Approach 
 
The top-down approach requires immunoaffinity extraction in order to achieve sufficient 
sensitivity and precision for quantitation. However, the use of antibodies may influence 
the recovery of the analyte for LC-MS detection, as well as introducing a variable to the 
analysis.  
Even though the accurate mass information on fragment ions is usually absent, this 
approach is in use in a routine clinical laboratory setting and is preferred since it utilizes a 
more straightforward sample preparation procedure, which leads to less variation, 
compatible with liquid handling robot for automation, and ultimately can accommodate a 
higher sample volume.  
A high-resolution mass analyser is required in order to provide high mass accuracy of 
parent ions, as well as to resolve single isotopic peaks of multiple charged proteins to 
ensure specificity of quantitation.  
With the progression of high-resolution MS in recent years including TOF and Orbitrap 
instrument, it is expected that this approach will be more commonly used and become 
affordable for the clinical laboratory [13]. 
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Immunoassays 
 
Even though several types of immunoassay with different detection methods, such as 
competitive radioimmunoassay, immunometric (“sandwich”) assays, and enzyme-linked 
immunosorbent assays (ELISAs) have been used, it caused several problems to detect GH 
and IGF-I misuse. Two of the significant issues in IGF-I assays are removing interference 
from IGFBPs and determining the quality management of the reference reagents.    
 
IGFI circulates bound to binding proteins, and it was found that initial assays such as 
competitive radioimmunoassay (RIA) suffered from interference from IGFBPs, leading to 
inaccurate and inconsistent results. Acid gel filtration chromatography is the definitive 
method for removal of IGFBPs. However, this method demands labour-intensiveness, 
and it does not suit to routinely by commercial laboratories. 
 
Acid displacement method divides analytes by precipitating with ethanol is the most 
common method in use, although the sizes of the IGFBPs affect the results substantially. 
Since small variants of the proteins such as IGFBP-1 and -4, cannot be wholly removed 
during the precipitation step. The accuracy of the test results is to be achieved by the 
addition of excess IGFII to saturate residual IGFBPs that remains after the precipitation 
step, due to the high affinity of IGFII.  
 
Reference reagents crave quality standardisation; otherwise, differences in reagents 
sensitivity to the effects of IGFBPs reflect in inaccurate test results. 
 
P-III-NP assays were initially executed by RIA. However, several non-radio isotopic 
assays are introduced, due to the difficulty of satisfying the regulations which govern the 
use of radioisotopes in analytical methods. Moreover, the new automated methods offer 
improved precision and quick inspection. Nevertheless, reagent variability is still 
susceptible with the assays [3]. 
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Objective 
 
Apart from the unethical aspect of PED use in sports, it is crucial to consider the 
tremendous risk to the physical condition, as well as side effects, polypharmacy and 
substance dependence. As much as adequate education is needed, firm, accurate and 
more comprehensive detection methods must be established urgently.  
It is essential to study validation of current detection methods, as the reliability and 
sensitivity of the tests are still in progress. Furthermore, the tests need to be precise and 
robust enough to withstand legal challenge, while minimising the risk of false accusation. 
Objectives of this thesis work were to study current detection methods and its validity, 
and questions below were to be answered. 
 

 How is IGF-I detected currently? 
 What can be done to increase accuracy in detecting? 
 Can the method be applied to urinary samples? 
 Are there any differences in quality of IGF-I as medical supply and the ones sold 

on the black market?    
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Material and Method 
 
The articles which have been published in databases such as PUBMED, Scopus, and Web 
of Science until May 2018. The total of twenty-seven articles and web-sources of the 
relevant subject, mainly about the effect and detection methods of IGF-I in the context of 
IGF-I misuse in sports were collected. Inclusion criteria for the search were articles 
written in English language and a publishing date no more than ten years old for results 
part when there were no relevant articles found published within five years. The article 
[5] which was repeatedly cited in the collected articles was searched through the reference 
lists and included despite the publication date of 2001. As IGF-I detection is relatively 
new comparing to GH detection, many articles treated detected IGF-I as a by-product. 
The search was strictly focused on IGF-I detection methods and otherwise omitted. 
 
 
Table 1. Material search in PUBMED. The table displays an example of how the material 
search was conducted, in this case in PUBMED. 

Date Query Filter Items found Chosen article 

2nd of May Search 
(((insulin‐like 

growth factor‐

1) AND 
detection) AND 
liquid 
chromatography) 
AND 
Quantification 

Published in 
the last 5 years 

1 [7] 

2nd of May Search ((liquid 
chromatography) 
AND insulin‐

like growth 
factor‐I) AND 

quantitation 

published in 
the last 10 
years 

4 [14] 

2nd of May Search ((IGF-1) 
AND liquid 
chromatography) 
AND urine 

published in 
the last 10 
years 

10 [15] 

2nd of May Search (IGF-I) 
AND black 
market product 

published in 
the last 10 
years 

2 [16] 
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Results 
 
How is IGF-I detected currently? 
 
The combination of LC-MS/MS and ESI-MS/MS [7]. 
 
Firstly, Electrospray ionisation tandem mass spectrometry (ESI-MS/MS) were conducted 
on a Thermo LTQ Orbitrap mass spectrometer (Bremen, Germany), to identify 
characteristic product ions to utilise for identification purposes.  
The instrument was calibrated utilising the manufacturer's mixture consisting of caffeine, 
MRFA (L‐methionyl‐arginyl‐phenylalanyl‐alanine acetate monohydrate) and 
Ultramark 1621, which allowed mass determinations with accuracies <3 ppm. The 
analytes were dissolved in a mixture of acetonitrile and water (1:1, v/v) containing 0.1% 
acetic acid.  
The dissociation of the analytes yielded a series of terminal five‐fold to seven‐fold 

charged y- and b-ions, partly resulting from a typical proline-directed fragmentation. 
 
Secondly, Liquid chromatography/tandem mass spectrometry (LC-MS/MS) was 
performed on an Agilent 1100 Series high-performance liquid chromatography system 
(Waldbronn, Germany). Combined to an Applied Biosystems API4000 QTrap mass 
spectrometer (Darmstadt, Germany) using electrospray ionisation (ESI) source in 
positive ion mode at 150°C. Owing to the lack of human plasma specimens not containing 
human IGF-I, the assay validation test for specificity regarding the analytes were 
conducted using blank goat plasma samples. 
In order to set up a sensitive and selective LC-MS/MS procedure for the quantitative 
determination of human IGF-I and the qualitative detection of its analogues in plasma 
specimens, characteristic product ions of all analytes from the ESI-MS/MS were selected. 
As a different mass spectrometer was used (QTrap instead of LTQ Orbitrap), the 
previously characterised product ions differ in relative abundance from those finally used 
for the detection in selective reaction monitoring (MRM) experiments.  
 
To test the applicability of the developed assay, six human serum samples were obtained 
from healthy volunteers. The analysis was conducted on a commercially available 
immunoradiometric assay with extraction (IRMA, DSL‐5600, Diagnostic Systems 

Laboratories, Webster, TX, USA). 
 
Finally, the result of the MS assay and the IRMA ware compared.  
All results acquired from the MS assay were lower than those measured with the IRMA. 
Though the ratios of the concentrations determined for four out of six samples were 
approximately identical for both assays. However, the good correlation of the ratios 
indicates the suitability of the MS assay. 

 
The possible explanation to the miss match of the results between the MS assay and the 
IRMA is due to the reference reagent used in the IRMA. The WHO standard reference 
reagent which is used for the calibration of the IRMA has long been pointed out of its low 
purity of 44%, concluding the assigned content emerging in higher than determined by 
physicochemical analyses. The immunoassays calibrated against this standard will 
provide IGF-I concentrations that deviate by approximately 50% from the actual values. 
This fact is by the results for all the analytes and might be the explanation for the 
discrepancy in the absolute values. 
The combination of ESI-MS/MS and LC-MS/MS brings to the valid quantification of 
hIGF-I, LONG™R3IGF-I and des (1‐3) IGF-I, as well as to the analytes' absolute 

quantification without distortion caused by, e.g., cross-reactions [7]. 
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What can be done to increase accuracy in detecting? 

The combination of ACN depletion method and uHPLC-MS/MS, followed by ANNs 
analysis [14]. 
 
Group 1 
 
Seven males aged 24 ± 5 years (weight 85 ± 13 kg) as participants from a previous WADA 
rhGH administration study were collected and randomly assigned to either rhGH or 
placebo group. Subcutaneous abdominal injection administered first 2 weeks, a daily dose 
of rhGH at 0.075 IU/kg or an equivalent volume of phosphate-buffered saline (PBS) in 
the placebo group. 4 weeks of the washout period followed. The participants were 
switched between placebo and rhGH groups for another 2-week administration 
programme, followed by exercise test 16–20 h after the last injection. Blood samples were 
collected from forearm vein, before, immediately after and 2.5 h after completion of the 
exercise test. Blood samples were left to stand at 25°C for 30 min and then centrifuged at 
1000 g for 10 min to obtain serum. Serum IGF-I concentrations were determined using a 
solid-phase, enzyme-labelled chemiluminescent immunometric assay (Immulite; 
Siemens, Tarrytown, NJ, USA). 
 
 
Group 2 
 
Participants of 15 males aged 27 ± 9 years (weight 89 ± 15 kg) were obtained from another 
WADA rhGH project. First 4 weeks involved resistance exercise regime, and a blood 
sample was taken in the fasted state before commencing an exercise bout, and at 15, 30, 
60 and 90 min post‐exercise. First sampling. 

 
Then eight subjects were randomly assigned for daily treatment of 0.1 IU/kg of rhGH, and 
the seven remaining subjects were administered a placebo for 2 weeks. Second sampling. 
No further drug or placebo administrations were performed on all subjects before a third 
sampling event was conducted after a washout period of 7 days. Serum total IGF‐I 

concentrations were measured by using a Nichols immunoradiometric assay (IRMA; 
Nichols Institute Diagnostics, San Juan Capistrano, CA, USA), after acidified extraction 
with IGF‐II displacement. 

 
Four quality control (QC) samples were prepared at 50, 100, 500 and 1000 ng/mL to 
measure the accuracy and precision of the assay.  
 
The LC system, Acquity UPLC system (Waters, Manchester, UK), was interfaced with an 
API4000 triple quadrupole mass spectrometer (Applied Biosystems/Sciex, Concord, ON, 
Canada). Positive electrospray ionization (ESI) was performed using a Turboionspray™ 
source set at 600°C. 
 
 
ANNs analysis of LRG and IGF‐I quantitative data 

 
LRG and IGF-I concentrations were submitted to ANN analysis software (Statistica 7.0; 
StatSoft Inc., Tulsa, OK, USA) for stratification of the samples and the result 
demonstrates the excellent robustness of a high flow-rate analysis approach. 
 
 
Quantitation of IGF-I in the serum from the two rhGH administrations 
 
The uHPLC-MS/MS-derived IGF-I concentrations of 257 serum samples were examined 
with their immunoassay-derived values. This result showed a significant increase in the 
concentration of IGF-I for all the subjects administered rhGH for 14 days, in both 
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experiments. However, it must be noted that one individual, dosed only with placebo in 
the second GH administration study, had IGF-I concentrations similar to some subjects 
who were administered rhGH. This observation suggested that using a serum IGF-I 
concentration alone to determine rhGH doping is not reliable enough, due to the 
widespread in serum IGF-I concentration within the population. It is, therefore, a 
multiprotein assay including IGF-I with other biomarker proteins is necessary for the 
detection of rhGH administration in doping control. 
 
 
Concentrations of LRG in the serum from the two rhGH administrations 
 
The impact of rhGH dosing on serum LRG protein concentrations was observed. The 
serum concentration of LRG appears to follow a similar pattern to that of IGF-I. Increase 
in LRG as a result of rhGH administration, was lower than IGF-I. These data suggested 
that LRG depended on GH but indicated that the measurement of LRG concentration 
alone would not be sufficient enough to detect rhGH doping. 
 
 
Combination of IGF-I and LRG values for the detection of rhGH administration 
 
Serum concentrations of IGF-I and LRG have shown the percentage difference between 
the treated and placebo group for each individual. After rhGH administration, the levels 
of IGF-I increased in all subjects (45–470% increase over placebo), and LRG increased in 
14 of the 15 subjects (9–140% increase over placebo). By summing up the percentage 
values of the two proteins demonstrated that the combination of the two biomarkers, it 
increased the separation of the treated and placebo states over a single marker (120–
580% increase over placebo). 
 
 
ANN analysis of LRG and IGF‐I values from both rhGH administration studies 

 
ANNs have been used to generate multivariate models capable of stratifying disease and 
healthy states, and the technique was applied to the IGF-I and LRG serum data as well. 
Here it is used to attempt to generate models capable of discriminating rhGH treated and 
placebo samples. Three ANN models were prepared using LRG, IGF-I and a combination 
of LRG and IGF-I data. These models were then used to classify the samples in the 
blinded validation data set as either rhGH- or placebo-treated. 
 
Monitoring LRG alone resulted in low accuracy. It was not capable of discriminating 
between rhGH- and placebo-treated individuals. The IGF-model demonstrated better 
discrimination than LRG alone. However, the combined LRG and IGF‐I model showed 

the best overall predictive capability. The combination of LRG data to the IGF-I model 
improved the accuracy from 94 to 97% and resulted in 100% of the rhGH‐treated 

samples being identified correctly (100% sensitivity). 
 
Multiple analysis of rhGH administration biomarkers in a single analysis, combined with 
ANN analysis, could improve the sensitivity and specificity of the existing biomarker 
assay, and aid accuracy and robustness in the detection of rhGH abuse in athletes [14]. 
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Can the method be applied to urinary samples? 
 
Nano-UPLC coupled high resolution/high mass accuracy mass spectrometry [15]. 
 
This method is the first MS approach to determine IGF-I, IGF-II and its synthetic 
analogues in human urine. 
 
Ten different spontaneous urine samples from healthy male and female humans were 
obtained for all validation and development experiments. As the blank samples, ten 
additional urine samples (from healthy volunteers with the known absence of medication) 
were analysed and evaluated for interfering signals. 
 
Nano- ESI-MS/MS was performed on a Thermo LTQ Orbitrap mass spectrometer 
(Bremen, Germany) employing positive ionization after accurate (<3 ppm) calibration 
with the manufacturer’s calibration mixture. The online nano-ESI source was equipped 
with coated GlassTips (New Objective, MA, USA), ionization voltage was approximately 
1.5 kV, and the capillary temperature was set to 150C. The presence of endogenous Des1-
3-IGF-I, IGF-II, and IGF-I in the samples, as well as the blank samples, were 
demonstrated with abundant signals. Then LC-MS/MS analysis was conducted on Waters 
nano-Aquity UPLC (Milford, USA). 
 
The synthetic analogue longR3-IGF-I was detected in fortified urine samples, and an N-
terminally truncated degradation product Des1-10-longR3-IGF-I was identified as the 
more stable target for doping controls using urine samples, besides the intact molecule. 
The method was validated as well for qualitative purposes considering the parameters 
specificity, limit of detection (20–50 pg mL−1), recovery (10–35%), precision (<20%), 
linearity, robustness, and stability. 
 
Plasma analysis for doping controls targeting GH misuse is mainly based on 
quantification of IGF-I, P-III-NP or IGFBP-II utilizing LC-MS/MS after enzymatic 
hydrolysis. Urinary concentrations were too low compared to plasma concentrations; 
hence, a comparable approach is not possible. Evidence of IGF-II as a marker of GH is 
still weak. Also, IGF-II shows less correlation to GH than IGF-I. It is, therefore, IGF-II 
remains as an indirect parameter rather than a direct parameter, even though the idea for 
using the IGF-II/IGF-I ratio in blood was first mentioned already well over 20 years ago. 
To what extent the presented data concerning the proportions of IGF-II/IGF-I are 
suitable to uncover a hGH or recombinant IGF-I is not entirely examined within this 
study. 
 
The method allows the analysis of up to 25 samples per day and needs only five mL of 
urine, which is of utmost importance for fast result reporting and limited sample volume 
during important sports events. The detection of synthetic IGF-I analogues such as longR 
3-IGF-I and Des-1-10-longR 3 -IGF-I in human urine is definite and unambiguous, 
although the potential misuse of recombinant IGF-I is not conclusively uncovered [15]. 
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Are there any differences in quality of IGF-I as medical supply and the ones sold on the 
black market?    

Nano-UPLC, high-resolution/high accuracy mass spectrometry combined with enzyme-
linked immunosorbent assay [16]. 
 
This case report describes the identification of His-tagged Long-R3-IGF-I, which are 
found in a PED sold on black market. 
 
Immunoaffinity purification isolated the ingredients, and then LC-MS was performed on 
a Waters nano-Acquity UPLC™ (Eschborn, Germany). The LTQ Orbitrap (Thermo, 
Bremen, Germany) was employed with a nanospray ion source in positive mode. To retain 
the peptide potentially containing the His-tag the LC was operated without trapping 
column to avoid the loss of polar peptides with weak affinity to reversed-phase 
chromatography resins. The Orbitrap was calibrated for mass measurement with the 
manufacturer's calibration mixture (caffeine, MRFA, ultramark) allowing for mass 
accuracies < 3 ppm. In case any of additional structurally different performance-
enhancing substances remained in the sample, a database search (Proteome Discoverer 
1.0, Swissprot database, 2008, Thermo) was performed after measurement of the 
trypsinated sample. The ELISA was performed as recommended by the supplier, the Anti-
Doping Authority of the Netherlands to compare the samples and a Long-R3-IGF-I 
standard. 
 
The nano-UPLC analysis characterised the protein as Long-R3-IGF-I with a His6-tag 
attached to the C-terminus by the linker amino acids Leu–Glu. His-tags are commonly 
added to proteins during synthesis to allow a convenient and complete purification of the 
final product and His-tags are subsequently removed by specific enzymes when being 
attached to the N-terminus. The effects of His-tagged Long-R3-IGF-I in humans have not 
been elucidated or described; thus, the presence of potentially intended utility of the C-
terminal His-tag cannot be explained. The product may rather be a by-product from 
biochemical studies than synthesised for administration to humans for injection 
purposes. However, the product was identified in an injection solution which was 
obtained during doping control investigations. Due to the binding of IGF-I to binding 
proteins and receptors with an N-terminal region, the product may be active, but the 
overall effect cannot be predicted. It is reasonable to consider that His-tagged Long-R3-
IGF-I was intended as PED. However, a His-tagged protein has not been described as a 
pharmaceutical for injection in humans, and no clinical data are available on the 
properties and effects; thus, such black-market products may have dangerous 
consequences for the consumer [16]. 
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Table 2. Summary of the results from selected articles. 

Ref no. [7] [14] [15] [16] 

Questions How is IGF-I 
detected 
currently? 

What can be 

done to increase 

accuracy? 

Can urinary 
samples be 
applied? 
 

Any differences 
in quality? 

 

Results By combining 
ESI-MS/MS 
and LC-MS/MS 
 

Combining 
ACN depletion, 
uHPLC-
MS/MS and 
ANNs analysis. 
 

Urinary 
samples cannot 
be applied to 
GH-2000 test. 

Differences in 
quality. No 
clinical data 
available for 
non-
pharmaceuticals. 

Results in 
experiments 

Quantitative 
mismatch in 
overall result 
compared to 
IRMA. Approx. 
67% match in 
concentrations 
ratio. 

Raised 
accuracy from 
94% to 97%. 

Could not 
detect the GH-
2000 analytes, 
IGF-I and P-
III-NP.  

His-tagged 
Long-R3-IGF-I 
was detected. 

Detectable 
substances 

hIGF-I, 
LONG™R3IGF-

I and des (1‐3) 

IGF-I 

IGF-I and LRG longR3-IGF-I 
and Des-1-10-
longR 3 -IGF-I 

QC of  
Long-R3-IGF-I 

Approach Top-Down Bottom-Up Top-Down Top-Down 

Analytes Purchased IGF-I; serum 
LRG; purchased 

Urinary sample Purchased 

Merit Quantification 
of many 
analytes 

High accuracy Speedy and 
require 5 ml of 
specimen 

 

Demerit Results may 
lack in 
accuracy. 

High cost and 
labour 
intensiveness 

Does not meet 
GH-2000 test’s 
criteria. 
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Discussion 
 
Credibility and validity of the experiments 
 
The traditional detection of IGF-I has been conducted by immunoassays, and 
immunoassays significant problems were to remove interference from IGFBPs and to 
determine the quality management of the reference reagents [3]. The article [7] showed 
that the overall result did not match quantitatively between LC-MS/MS and ESI-MS/MS, 
and IRMA assay. The possible reason that was presented with such conclusion was due to 
the quality management of the reference reagents that the reagent was low in purity.  
As long as quality improvement is not seen on the reagents, it is a natural move that 
researchers seek the better ways for robust detection. 
 
As electrospray ionization (ESI) coupled with data-dependent MS/MS acquisition has 
been considered to be a useful tool for the analysis of complex proteomic samples [17], it 
is reasonable to try to combine LC-MS/MS and ESI-MS/MS for IGF-I detection. 
Moreover, LC-ESI-MS/MS is believed to bring yielding high sensitivity (low femtomoles 
to high attomoles), high data acquisition rate (1000 precursors/h), and high information 
content (superior quality MS/MS spectra) to exceedingly complex of proteomic samples 
[17]. 
 
By combining ACN depletion, uHPLC-MS/MS, and ANNs analysis, accuracy in detection 
can be increased. Specially ACN depletion is an important process to take at MS-based 
proteomics approaches to avoid the large signals produced by the most abundant proteins 
(MAPs). It is generally agreed that MAPs in plasma or serum are a problem to deal with 
because they mask or interfere with the detection of proteins belonging to the low-
abundance protein fraction in which most biomarkers are usually found. However, ACN 
depletion has shown its efficiency in depleting high molecular weight proteins, over 
75 kDa [18]. As the molecular weight of IGF-I is 7,6 kDa, there is room left for debate in 
the precision of the process.   
 
Artificial neural networks (ANNs) are biologically inspired computer programs which are 
designed to simulate the way in which the human brain processes information [19]. 
As IGF-I secretion is stimulated and managed by so many factors, it is very attractive to 
append such programs as ANNs due to their flexibility, that they collect their knowledge 
by detecting the patterns and relationships in data and learn through experience, not 
from programming. 
 
Applying multiple types of machinery in IGF-I detection was concluded as beneficial to 
increase accuracy, although it decreases cost- and time-effectiveness at the same time. 
Moreover, such precise inspections demand skilled inspectors who also result in cost 
consuming. It is a dilemma, but thus these combined methods equipped at every sporting 
event together with competent inspectors are not realistic enough to be enforced. It also 
seems there are still issues left to be solved in both soft and hard aspects. 
 
Urinary samples did not meet GH-2000 biomarker test criteria. However, this method is 
attractive in that it allows detecting IGF-I analogues quickly with 5 ml of urinary sample. 
According to U.S. Anti-Doping Agency, an average of 15-30 mL of blood is drawn during 
the blood collection process [20]. Urinalysis could possibly reduce sampling-associated 
stress, such as injection pain as well as mental distress. Moreover, due to the very low 
affinity of IGF-I analogue to IGFBPs in plasma, IGF-I analogues are said to be more 
potent than the native IGF-I with higher bioavailability [7]. For that reason, it is observed 
that there is an increase in popularity of such analogues as PED. Hence analogue 
detection is as critical as IGF-I detection, and it is worth adopting as a secondary 
inspection of the doping test routines.   
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There was a considerable difference between pharmaceutical and non-pharmaceutical 
products of IGF-I in quality. The illicit version of the product was not even being 
considered to be used by humans. 
 
Black market preparations are often much cheaper than the authentic pharmaceuticals 
because they are delivered without medical prescription. Likewise, some drug candidates 
are already available without approval years before their aimed introduction to the 
market. The possible explanation for quality differences is that the production of 
recombinant therapeutic proteins is a very complicated process involving several working 
steps, which require technical knowledge and equipment. For instance, the choice of a 
suitable expression vector, cloning method, and expression host, as well as the 
optimization of the expression conditions, are the crucial factors to determine the quality 
of the products.  
 
Neither the effects of failed protein products from underground laboratories nor the 
influence of protein tags on the human body have been investigated so far. Hence the 
health risks associated with the administration of illicit products to healthy persons are 
incalculable [21]. Thorough quality control cannot be realistic to be applied to illegal 
drugs on the black market. Counterplan is very limited that only education to the 
potential users can be done to prevent any unnecessary injuries. 
 
All the four experiments [7,14,15,16] analysed the possibility, accuracy, and robustness of 
detection methods of the analytes according to the earlier studies results, which 
concluded analytes as markers of either GH and/or IGF.  
It is imperative to be aware that the researchers who concluded those analytes as marker 
still cannot prove that the participants were completely clean without PED when the 
experiments were executed or in their earlier life. The possibilities of illness among 
participants cannot be ignored either, as the IGF-I concentration is used clinically to 
confirm acromegaly. Hence high IGF-I concentrations can be indicative of a disease state, 
not just doping. 
 
The sensitivity and the reference value of the anti-doping test should be discussed as well 
because the dopers might administrate a lot higher or lower dose than the experiments. 
The reference values together with marker responses should be easily affected by the 
dopers status of the drug in use. Some might be on rhIGF-I alone rather than the rhIGF-
I/rhIGFBP-3 complex or misusing rhGH in combination with rhIGF-I. Moreover, it is 
necessary to recruit more elite athletes rather than recreational athletes to the 
experiments although it would be problematic for elite athletes to take part in this type of 
study involving administration of prohibited substances.  
 
Marker response is easily affected by many possible factors, yet there is insufficient 
amount published data on endocrine profiles in sport, most being confined to a single 
competition. Moreover, depending on sports, distinctions in athletes age are observed. 
For instance, there is a significantly higher age in powerlifters and weightlifters and 
younger age in swimmers and cross-country skiers. Body composition in the same sports 
differ by sex, e.g., female weightlifters were characteristically short while this was not the 
case with the male [10]. The instances of hyperandrogenic 46 XY disorder of sex 
development (DSD) must also be considered when analysing the data, as sex is one of the 
critical parameters. 
 
Duration is also one of the critical, influential parameters. Unlike the GH 2000 markers 
data of acute exercise (duration of up to 30 min), there is a lack of the data for more 
extended periods of intensive physical activity such as cycling stage races, which are often 
multi-day events where the athlete must produce intense effort over several days [9].  
The degree of hydration under experiments was not standardised either.  
Marker response is sensitive; hence it is crucial to determine the reference intervals 
carefully. As many of the influential factors, such as sex, duration, body composition, etc. 
should be included to the validation when standardising the reference values, therefore 
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recruiting elite athletes is essential, instead of using recreational athletes as a proxy group 
for elite athletes. 
 
 
The potential markers which might contribute to accurate detection when 
combined with current marker methods 
 
ALS response to rhIGF-I/rhIGFBP-3 administration in women 
 
Mecasermin Rinfabate (product name as iPLEX) manufactured by Insmed (Richmond, 
Virginia, USA) is the drug which contains rhIGF-I and rhIGFBP-3 in equimolar 
proportions and is available for the neurodegenerative disorder amyotrophic lateral 
sclerosis treatment. Current investigations of detection methods for IGF-I abuse in 
athletes are also formulated to detect IGFBP-3 abuse.  
Marker response to rhIGF-I/rhIGFBP-3 administration was observed in a randomised, 
double-blind, placebo-controlled IGF-I administration study among fifty-six of 
recreational athletes using iPLEX. The result indicated that the GH-2000 score method 
could be used as serum IGF-I and P-III-NP increased proportionally to the 
administration period, while no significant changes in these markers were observed in the 
placebo group [3]. Markers of IGF-I/IGFBP-3 administration includes increased IGF-I 
and IGFBP-2, decreased P-III-NP and IGF-2, and decreased ALS in women [6]. 
 
 
IGFBP2, IGFBP-3 and acid-labile subunit (ALS) as GH administration response 
 
IGFBP2, IGFBP-3 and acid-labile subunit (ALS) were also identified that responded to 
GH administration besides IGF-I and P-III-NP, and they are expected to react to IGF-I 
administration. Administration of rhIGF-I alone to people with type 1 diabetes caused an 
increase in serum IGFBP-2, in clinical studies. 
Administration of combined rhIGF-I/rhIGFBP-3 to individuals with type 2 diabetes 
caused a significant decrease in serum ALS and an increase in serum IGFBP-3 with a 
dose-dependent increase in the ratio of IGF-I to IGFBP-3 [3]. 
Moreover, the studies have shown that there was a correlative decrease in serum IGF-II 
after rhIGF-I administration and after rhIGF-I/rhIGFBP-3 administration, which might 
suggest that IGF-II may also be a useful marker of IGF-I misuse [6]. 
Diabetes Mellitus is included in WADA's Therapeutic Use Exemption (TUE) [22]. 
 
 
The other potential markers 
 
rhGH administration in the GH-2000 study has shown that there was an increase in the 
bone and collagen markers, such as osteocalcin, procollagen type I carboxy-terminal 
propeptide (PICP), and type 1 collagen cross-linked carboxy-terminal telopeptide (ICTP). 
As well as the collagen markers procollagen type I amino-terminal propeptide (PINP) and 
ICTP in a subsequent study involving administration of rhGH and testosterone to a group 
of 96 recreational athletes. Considering these markers would also be expected to increase 
after treatment with rhIGF-I/rhIGFBP-3, according to the somatomedin hypothesis [5], it 
is reasonable to expect these markers could be used instead of, or in addition to, IGF-I 
and P-III-NP to improve the performance of a test for detecting IGF-I misuse [3]. 
 
 
The validity of biomarker as a surrogate endpoint 
 
According to WHO, the term “biomarker” is used in a broad sense, including almost any 
measurement which reflect an interaction between a biological system and an 
environmental agent, which may be chemical, physical or biological. In order to 
document the interaction of chemicals with biological system, tissue and body fluids for 
chemicals, metabolites of chemicals, enzymes and other biochemical substances were 
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investigated. Assessments of these substances are referred as “biomarker” today and are 
recognised as providing data linking exposure to a chemical with internal dose and 
outcome and as compatible to the process of risk assessment [23]. In basic and clinical 
research as well as in clinical practice, biomarkers are used as surrogate endpoints in 
clinical trials is now accepted almost without question. The hypothesis has frequently 
been made once biomarkers establish broad use in narrow research contexts [24] and 
validity of a surrogate endpoint has rarely been rigorously established. As a validated 
surrogate endpoint, a high level of accuracy in predicting the intervention's effect on the 
correct clinical parameter is crucial, because predictions of having an efficiency of 
approximately 50%, such as the accuracy seen with the CD4 count in the HIV setting, are 
as uninformative as a toss of a coin [25]. 
 
Overestimation lacking accuracy and robust investigation of biomarkers led to the 
accidents of antiarrhythmic drugs, e.g., encainide, flecainide, moricizine, which 
consequence in elevating mortality in specific patient populations [25]. 
The biomarker originated hypothesis of lowering cholesterol resulting in decreased 
morbidity and mortality led to the trial of the combination of two cholesterol-lowering 
drugs, ezetimibe, and simvastatin, as the mix was more potent than simvastatin alone in 
patients with heterozygous familial hypercholesterolemia. However, the trial resulted in 
no improvement in atherosclerosis or overall mortality, calling into question a great deal 
of previous research that depended on the biomarker's hypothesis [26] and highlighted 
the risk of relying too much on biomarkers [24]. 
 
Entirely justified and appropriate biomarkers should have been well characterized and 
repeatedly shown to correctly predict relevant clinical outcomes across a variety of 
treatments and populations, along with continuous evaluations and re-evaluations to 
validate biomarkers [23]. 
 
 
The profit of introducing Athlete Biological Passport approach (ABP) into 
IGF-I detection procedures 
 
ABP is the program and methods of gathering and collating data as described in the   
International Standard for Testing and Investigations and International Standard for 
Laboratories, and this approach has been established to harmonize the results of 
monitored biological markers within the ABP to ensure both legal fortitude and scientific 
certainty. The effectiveness of the ABP to detect doping is generally improved where both 
In- and Out-of-Competition Testing and No Advance Notice Testing are distributed 
strategically throughout the year [8]. 
 
A short half-life of 15-240 mins results in short detection window for IGF-I, as the protein 
is very quickly cleared from the body for intravenous and subcutaneous administration 
routes, respectively [14]. Besides, the concentration of the analytes may vary with time, 
training intensity during the season. It is crucial to investigate the variability of potential 
markers of IGF-I misuse over time. 
 
ABP is suitable to be introduced for IGF-I detection due to the fundamental principle of 
the ABP, which is to monitor selected biological variables over time that indirectly reveal 
the effects of doping rather than attempting to detect the doping substance or method 
itself [8]. When increased marker levels in blood and/or urine are observed relative to the 
athlete’s baseline, suspicions of doping are raised, and this approach is already in use by 
WADA to help in the detection of blood doping and testosterone misuse [3]. 
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Conclusion 
 
The latest studies have shown the abilities to provide additional information on proteins 
that were not accessible by traditional assays. The development of techniques, especially 
further developments using LC–ESI–MS/MS technology, could prove favourable for 
detecting both GH and IGF-I misuse in the future. Reduced labour intensiveness and the 
establishment of the reference values are urgent. 
 
Despite the fact that the GH-2000 score was determined along with the considerations 
with as many parameters as gender-specific discriminant functions, age, sporting 
discipline and body composition of 813 elite athletes, the number of participants to date 
in experiments is still overwhelmingly short. Especially when compared to the WASAs 
Anti-Doping Administration and Management System (ADAMS) of over 264,000 
athletes’ profiles [27]. Moreover, the estimated body composition data can only be 
considered approximate and athletes endocrine profiles require validation [10].  
Lack of accuracy and robustness in endocrine profiles could result in tragic accidents, as 
discussed. 
 
In the potential markers assays, the international standard needs to be established as well 
for calibration purposes, so that the detection device manufacturers could disclose the 
exact nature of criteria used for assay calibration. Harmonisation of machinery is 
required, and international standardised units of measurement of analytes are vitally 
important to be obtained to avoid confusion and misreading of the results. Additionally, 
the development of technologies for protein determination requires a continuing effort 
with validation and standardization for clinical application just like all the other analytical 
platforms. 
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