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Summary 
The World Health Organization (WHO) Expert Committee on Biological Standardization (ECBS) 

has recognized (2004) the need for an international standard for Insulin-like Growth Factor-1 (IGF-

1) for the calibration of immunoassays and for the monitoring of the content of therapeutic products. 

 

We report here the characterization of a candidate standard for IGF-1 in an international 

collaborative study carried out by 18 laboratories in 9 countries, and its comparison with a primary 

calibrant characterized by amino acid analysis and UV spectroscopy, and with the existing 

International Reference Reagent coded 87/518 by HPLC, immunoassay and bioassay. 

 

Phase I of the study confirmed the primary calibrant as containing approximately 1 mg per vial.  

Although there was some variability among laboratory estimates of IGF-1 in the proposed 

standard using the different methods in Phase II, the estimates by the various methods were in 

broad agreement.   

 

The estimates from the HPLC assay method showed low variability and indicated that the 

candidate standard (NIBSC code 02/254) with an assigned content of 8.50 µg per ampoule would 

be suitable to serve as a reference preparation. 

 

The results of this study also indicate that the candidate standard shows appropriate immunological 

and biological activity and appears sufficiently stable, on the basis of a thermally accelerated 

degradation study, to serve as an international standard.  

 

1. Introduction 
Insulin-like growth factor-I (IGF-I) is a 7.5 kD single-chain polypeptide of 70 amino acids which 

mediates the somatotropic actions of growth hormone and plays an important role in the 

regulation of glucose metabolism. The measurement of circulating IGF-1 by immunoassay has 

become widely established in the diagnosis of growth axis pathologies and there is an increasing 

requirement for the monitoring of dosage levels of recombinant human IGF-1 (rhIGF-1) used 

therapeutically (reviewed in 1). IGF-1 concentrations change with age, nutritional status, body 

composition and growth hormone secretion and there is a pressing requirement for a universally 

accepted international reference material to aid in assay standardisation and the definition of age-

related reference ranges. Although a WHO International Reference Reagent (IRR) for IGF-I for 

Immunoassay (NIBSC code 87/518) had been available to researchers for nearly 20 years, stocks 

of this preparation are now exhausted. It should be noted that the value assigned to this material 

was a consensus estimate derived from immunoassay and bioassay data.  Subsequent analysis by 

physicochemical techniques indicated that the mass content appeared to be significantly lower 

than the assigned value (2). Serum/plasma IGF-I levels are expressed in mass units, typically 

microgram/L or nmol/L so there is an urgent need for a new standard accurately calibrated in 

mass units. This proposal was endorsed by the ECBS in 2004. A new preparation of rhIGF-I, 

kindly donated to WHO by Genentech Inc, was filled into ampoules (NIBSC Code 02/254), 

following procedures recommended by WHO (3). 

 

The candidate standard, 02/254, was filled with a nominal content of 10 micrograms of 

formulated rhIGF-I.  This amount of peptide cannot be measured directly by current 

physicochemical methods, so, in order to calibrate the preparation in mass units, an international 

collaborative study was set up to calibrate the new standard in a two-phase programme. Phase I 

involved the establishment of a primary calibrant (PS01) of rhIGF-I, consisting of a limited 

number of vials containing approximately 1.0 mg rhIGF-I per vial.  A defined value was 

assigned to the primary calibrant by amino acid analysis and U-V spectroscopy.  Phase II  
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involved calibration of the candidate standard in terms of the primary calibrant by HPLC, with 

confirmatory data from immunoassay and bioassay. 

 

The aims of the study were therefore: 

 

• to assign a mass content to the primary calibrant by amino acid analysis. 

• to calibrate the new preparation 02/254 in mass units by HPLC, relative to the primary 

calibrant PS01. 

• to demonstrate the suitability of the preparation 02/254 to serve as the IS for IGF-I by 

examining its behaviour in biological and immunological assay systems. 

• to assess the stability of the candidate preparation after accelerated thermal degradation. 

• to assess the relationships among the existing local standards, the IRR and the proposed 

IS. 

 

2. Participants 
18 laboratories in 9 countries took part in the study and are listed alphabetically, by country, in 

Table 1. Throughout the study each participating laboratory is referred to by a code number.  These 

code numbers were randomly assigned and do not reflect the order of listing. 

 

Table 1: List of participants 
Professor Robert Baxter, Kolling Institute of Medical Research, University of Sydney (E25), 

Royal North Shore Hospital, St Leonards, NSW 2065, AUSTRALIA 

 

Dr Chris Goddard and Tatyana Mitina, Novozymes GroPep Ltd, 28 Dalgleish Street, Thebarton, 

SA 5031, AUSTRALIA 

 

Dr Aida Prync, Bio Sidus S.A., Constitution 4234, Buenos Aires, ARGENTINA 

 

Mr Guy Pirens, Biocode Hycel Biotechnology, Rue Ernest Solvay 101/103, B-4000, Liege, 

BELGIUM 

 

Professor Sergio Dalmora, Daniele Rubert Nogueira and Rui Oliveira Macedo, Department of 

Industrial Pharmacy, Federal University of Santa Maria, 97.105-900-Santa Maria, RS, BRAZIL 

 

Dr Huaxin Yang, Division of Biochemical Drugs and Genetic Engineer Pharmaceutical, 

NICPBP, 2 Tiantan Xili, Beijing 100050, P.R. CHINA 

 

Dr Martin Bidlingmaier, Medizinische Klinik – Innenstadt, Klinikum der Universitat, 

Ziemssenstr. 1, 80336, Munich, GERMANY 

 

Dr Lutz Pridzun and Karl-Heinrich Lindau, Mediagnost GmbH, Aspenhaustrasse 25, 

72770 Reutlingen, GERMANY 

 

Dr Yeowon Sohn, Recombinant Products, Korean Food and Drug Administration, #194 

Eunpyeong-Gu, Tongil-Ro, Seoul, R. of KOREA 

 

Dr Carl Dolman, Biotherapeutics, National Institute for Biological Standards and Control, South 

Mimms, Potters Bar, EN6 3QG, UK 



WHO/BS/08.2095 

Page 4 
 

Dr John Fox, Alta Bioscience, University of Birmingham, Edgbaston, Birmingham, B15 2TT, 

UK 

 

Dr Paul Puntin and Kevin Burgess, Immunodiagnostic Systems Ltd, 10 Didcot Way, Boldon 

Business Park, Boldon, Tyne and Wear, NE35 9PD, UK 

 

Dr Peter Sharratt, Department of Biochemistry, University of Cambridge, 80 Tennis Court Road, 

Cambridge, CB2 1GA, UK 

 

Dr Nick Sutcliffe, Protein Science, National Institute of Biological Standards and Control, South 

Mimms, Potters Bar, EN6 3QG, UK 

 

Dr Jim Thurlow and Christopher Purt, Siemens Medical Solutions Diagnostics Ltd, Glyn 

Rhonwy, Llanberis, Gwynedd, LL55 4EL, UK 

 

Dr Gwen Wark and Mr Nicholas Porter, UK NEQAS Guildford Peptide Hormones, SAS Peptide 

Section, Clinical Laboratory, Royal Surrey County Hospital, Egerton Road, Guildford, Surrey, 

GU2 7XX, UK 

 

Dr CT Yuen, Laboratory for Molecular Structure, National Institute of Biological Standards and 

Control, South Mimms, Potters Bar, EN6 3QG, UK 

 

Dr Ross Clark and Dr Susan Park, Tercica Inc., 2000 Sierra Point Parkway, Suite 400, Brisbane, 

California 94005, USA 

 

3. Materials 

Bulk material and preparation of ampoules of rhIGF-1 
Highly purified rhIGF-1, expressed in E.coli cells, was kindly donated to WHO by Genentech Inc. 

(San Fransisco, USA).  The preparation was received as a sterile liquid which, after formulation 

with pre-filtered trehalose (10 mg/ml) and 20 mM Na phosphate pH 7, was ampouled at 1.0 ml per 

ampoule (nominally 10µg rhIGF-1), lyophilised and sealed according to procedures described by 

WHO for International Biological Standards (3) and stored at -20°C in the dark at NIBSC.  A final 

total of 1974 ampoules, each coded 02/254, was obtained, with a mean fill weight of 1.006 g (CV 

0.07%), a mean dry weight of 0.012 g (CV 0.71%) and a residual moisture content of 2.15% (CV 

14.78%).  No microbial contamination was detected. 

 

5 vials (stated to contain 4.0 ml) of rhIGF-1 were supplied by Tercica Inc. (San Fransisco, USA) as 

a frozen liquid with a declared concentration of 10 mg/ml per vial for use as a primary calibrant.  

The material was prepared in an identical way as the material ampouled for the candidate standard 

using the same manufacturing process transferred from Genentech Inc. to Tercica Inc. The material 

was diluted 10-fold with 50mM Na acetate pH5.4 to give a concentration of 1.0 mg/ml and was 

ampouled at 1.0 ml per ampoule. The ampouled material was lyophilised and sealed according to 

procedures described by WHO for International Biological Standards (3) and stored at -20°C in the 

dark at NIBSC. The ampoules had a mean fill weight of 0.9878 g (CV 0.43%), a mean dry weight 

of 0.0051 g (CV 7.0%) and a residual moisture content of 1.28% (CV 30.0%).  No microbial 

contamination was detected.  

 

The preparations for this study, the majority of which were identified only by code letter, are 

listed in Table 2.  Where possible, each participant was allocated three core preparations (the  
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primary calibrant and duplicate candidate standard ampoules, stored at -20°C), and a further 

selection of samples based on assay capacity and sample availability (some thermally accelerated 

degradation samples were only available in limited numbers).  In addition, participants were 

asked to include their own in-house standards in the assays. 

 

Table 2: Preparations supplied to participants in collaborative study 
 

Ampoule 

code 

IGF-1 preparation 

 

Ampoule unitage and nominal content 

Not coded 

 

Primary calibrant 

PS01 

Nominally 1.0mg rhIGF-1 per ampoule 

plus lyophilised residue of 0.05M sodium 

acetate. 

R,V 

Duplicates 

Candidate IGF-1 standard (02/254) 

stored at -20°C 

Nominally 10µg IGF-1 per ampoule plus 

10mg trehalose and 20mM sodium 

phosphate 

P,W,T and S Accelerated thermal degradation 

(ATD) samples of IGF-1 candidate 

standard (02/254) stored 

respectively at +4°C, +20°C, 

+37°C and +45°C for 50 months 

Contents assumed identical to 02/254 

Not coded WHO IRR for IGF-1 for 

Immunoassay (87/518) 

3.1µg IGF-1 per ampoule (by definition) 

plus 5mg trehalose 

 

4. Design of the study and assay methods contributed 

Phase I: 

Amino acid analysis (AAA) and U-V spectroscopy for value assignment of primary 

calibrant PS01 (see Appendix 2) 
Participants were requested to derive estimates of the rhIGF-1 content of the primary calibrant 

PS01 by AAA following the protocol used in their laboratory and paying attention to the 

handling instructions for the material as outlined in the study protocol (Appendix 2).  2 - 4 vials 

of the primary calibrant were provided and participants were asked to carry out replicate 

analytical runs for each vial. In order to provide additional information as to the rhIGF-1 protein 

content of the primary calibrant, where possible, participants were also requested to measure the 

UV absorption spectra of the material, following the protocol supplied as closely as possible 

(Appendix 2).   

 

Phase II: 

HPLC for rhIGF-1 content candidate standard, 02/254 (see Appendix 3.4, 3.5)  
Assuming a value of 1.0 mg per vial for the primary calibrant PS01 (to be adjusted after analysis 

of the results derived from Phase I) participants were requested to provide, in duplicate, 

estimates of rhIGF-1 content of the candidate ampouled preparation, 02/254, by comparison with 

PS01, following the HPLC protocols as closely as was practicable (Appendix 2).  

 

Immunoassay and Bioassay of candidate standard, 02/254 
Participants were requested to carry out the assay(s) normally in use in their laboratory and, where 

possible, to perform at least two independent assays, using fresh ampoules/vials, each assay to 

include all of the preparations allocated at preferably no less than five dose levels in the linear part  
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of the dose-response curve. Handling instructions for the materials were included in the study 

protocol. In instances where there was not a fresh ampoule for subsequent assays, it was suggested 

that fresh dilutions be made from frozen stock solutions. Where dilutions of a stored stock solution 

were used, participants were asked to provide details of its storage and identification of the initial 

preparation.  Participants were asked to ensure that all assays include their local standard where 

possible and to provide details of the assay method used, including dilution steps, together with all 

raw assay data in the form of clearly annotated optical densities, counts, etc. for central 

computation at NIBSC.  Participants’ own estimates of activity as calculated by the method 

normally used in their laboratory were also requested. 

 

Assay methods contributed 
Summaries of the methods used are given in Table 3.   

For the physicochemical methods, the suggested protocols were mostly followed with some minor 

variations. In the nine laboratories contributing immunoassay data to the study, there were thirteen 

different assays used, of which two were in house assays and the remaining eleven assays were 

from six different manufacturers.   

 

Table 3   Assay methods used 
 

Lab No. Assay type Comments 

1 Immunoassay 

 

Siemens Immulite IGF-1 kit. Performed comparison with freeze-

thawed samples. 

 

2 Immunoassay IDS IGF-1 kit (AC-27F).  

 

3 AAA Pre-column derivatization, performed on PS01 

 

4 HPLC As protocol 

 

5 AAA Post-column derivatization with Ninhydrin, performed on PS01 

and directly on candidate standard 

 

6 HPLC  As protocol 

 

7 AAA 

 

U-V 

spectroscopy 

Post-column derivatization with Ninhydrin, performed on PS01 

 

As protocol 

 

8 HPLC 

 

As protocol 

9 Immunoassay 1. Biocode Hycel IRMA IGF-1 kit 

2. Biocode Hycel ELISA IGF-1 kit. 

Performed comparison with freeze-thawed samples. 
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10 Immunoassay 1. Diasorin Liason IGF-1 kit 

2. Siemens Immulite 2000 IGF-1 kit 

3. IDS ELISA IGF-1 kit 

4. Mediagnost RIA IGF-1 kit. 

Performed comparison with freeze-thawed samples. 

11 Immunoassay In house assay. Participant highlighted concern with some data 

points. 

12 AAA 

 

U-V 

spectroscopy 

 

HPLC 

 

In vitro 

Bioassay 

Immunoassay 

Pre-column derivatization. Performed on PS01. 

 

As protocol. 

 

 

As protocol. Performed comparison with freeze-thawed samples. 

 

Protein Synthesis LS Myoblasts Assay; measured by the 

incorporation of 
3
H-leucine.  

 

In house assay. Performed comparison with freeze-thawed 

samples. 

13 HPLC 

 

Immunoassay 

As protocol. 

 

DSL ELISA IGF-1 kit. Performed comparison with freeze-thawed 

samples. 

 

14 Immunoassay 1. Mediagnost R20 RIA IGF-1 kit 

2. Mediagnost R22 RIA IGF-1 kit 

3. Mediagnost E20 ELISA IGF-1 kit. 

Performed comparison with freeze-thawed samples. 

  

15 Immunoassay 1. Siemens Immulite manual IGF-1 kit. 

2. Siemens Immulite 2000 on board IGF-1 kit. 

3. Siemens Immulite 2500 on board IGF-1 kit. 

Performed comparison with freeze-thawed samples. 

 

16 HPLC As protocol 

17  HPLC As protocol 

18 HPLC As protocol 

 

5. Statistical analysis 
AAA and UV spectroscopy results reported by the participants have been used directly in the 

analysis. Reported HPLC results and all estimates calculated from immunoassays have been 

corrected for the assigned content of primary calibrant PS01 by AAA. To allow direct 

comparison, all mean estimates given in this report, including those from immunoassays, are 

unweighted arithmetic mean estimates. Comparisons between mean estimates have been made 

by unpaired two-sided t-test. 

 

To calculate estimates relative to PS01, all immunoassays have been analysed using the 

principles of multiple parallel line analysis comparing transformed assay response to log 

concentration. Any deviations from linearity and parallelism were assessed visually and by 

analysis of variance. Log-transformed or untransformed responses were used in the majority of  
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cases and the analysis was carried out on the linear section of the dose-response curve. Where 

the data could best be described using a four-parameter logistic function, assay responses were 

transformed to percentages relative to the estimated upper and lower limits of the dose-response  

curve and an in-house programme (4) was used to provide weighted regression of logit response 

on log dose and produce estimates of relative potency. 

 

The relative contents of the accelerated thermal degradation samples were used to fit an 

Arrhenius equation relating degradation rate to absolute temperature assuming first-order decay 

(5) and hence predict the degradation rates when stored at -20°C. 

 

6. Results 
Laboratory mean estimates for AAA, UV spectroscopy, HPLC, immunoassay and bioassay are 

summarised in Tables 4 – 11.  Individual results are shown in Appendix 1, Tables A1.1 – A1.4. 

 

Amino Acid Analysis (AAA) 

Estimated content of primary calibrant PS01.   
The estimated content of the primary calibrant PS01 by AAA was reported by four laboratories 

as shown in Tables 4 and A1.1. Analysis of variance of the individual vial estimates indicated no 

significant differences between laboratories and an overall mean estimate was calculated as 

1.045 mg per vial (standard deviation of the mean 0.009; n=13; 95% confidence limits 1.026 – 

1.063). Although the data do not allow a reliable determination of intra- and inter-assay 

variability to be made, they do indicate that the variability is likely to differ significantly 

between laboratories. A repeat of the analysis of variance excluding laboratory 12, which has the 

largest within-laboratory (between-ampoule) variability, indicates significant (p=0.036) 

differences between laboratories. The overall mean was therefore recalculated as the mean of 

laboratory means. This is 1.045 mg per vial (standard deviation of the mean 0.009; n=4; 95% 

confidence limits 1.016 – 1.073). 

 

Estimated content of 02/254. 
Laboratory 5 also calculated the content of the candidate standard 02/254 directly using this 

method, reporting a mean content of 7.90 µg per ampoule based on three determinations. This 

shows good agreement with the values calculated by HPLC. 

 

UV Spectroscopy (A278-A282) 

Estimated content of primary calibrant PS01. 
The estimated content of the primary calibrant PS01 by UV spectroscopy was reported by two 

laboratories as summarised in Table 5. Although both laboratories reported a mean estimated 

content of PS01 that was slightly higher than that obtained from measurements by AAA, the data 

show good agreement with the estimated content assigned using AAA. Because of the limited 

number of estimates, these data were not included in the calculations of the content of PS01. 

 

High Performance Liquid Chromatography (HPLC) 

Determination of purity of 02/254. 
Four laboratories reported estimates of the purity of 02/254 and mean estimates are summarised 

in Table 6. The estimates in the different laboratories did not differ significantly from one 

another and indicate that 02/254 is some 97% pure. 
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Estimated content of candidate standard 02/254 in terms of primary calibrant 

PS01. 
The estimated content of 02/254 (ampoules coded R, V) was reported by seven laboratories as 

shown in Tables 7 and A1.2. The estimated contents of accelerated thermal degradation samples 

(ampoules coded P, W, T, S) were also reported by these laboratories and are shown in Tables 8 

and A1.3. All results have been corrected using the assigned content of PS01 (1.045 mg per  

 

vial). Laboratory 6 used two methods which have been considered as equivalent for the purposes 

of calculation. Analysis of variance of the individual ampoule estimates indicated significant 

differences between laboratories (p=0.005). The overall mean was therefore calculated as the 

mean of laboratory means. This is 8.48 µg per ampoule (standard uncertainty 0.31; n=7; 95% 

confidence limits 7.73 – 9.23). The combined standard uncertainty was calculated from the 

standard deviation of the mean and the uncertainty of the value assigned to PS01. As for the 

AAA results, the data do not allow reliable determinations of intra- and inter-assay variability to 

be made and they indicate that the variability is likely to differ significantly between 

laboratories.  

 

Stability based on thermally accelerated degradation samples. 
Estimates of the relative content of ampoules stored at elevated temperatures for a period of 50 

months relative to the combined estimate of ampoules of the candidate standard stored 

continuously at -20°C are summarized in Table 8. Between-laboratory variability was noted to 

be much larger at higher temperatures, particularly +45°C. When analysis was carried out using 

the individual laboratory estimates of relative content, it was noted that the results for sample S 

(+45°C) from several laboratories contributed to a significantly poor model fit. Low estimates of 

relative content were obtained in laboratories 4 (58.4%) and 8 (54.0%), while a high estimate 

was obtained by laboratory 18 (90.8%). A satisfactory model fit was obtained when the analysis 

was repeated excluding the results for sample S (+45°C). This gave a predicted yearly loss of 

0.08% when stored at -20°C and 5.93% when stored at +37°C. These results indicate that the 

candidate standard is likely be highly stable under long term storage conditions at -20°C, and 

that the material will also be stable during normal shipping at ambient temperatures. 

 

Immunoassays 

Data returned for analysis. 
In total 71 immunoassays were performed. Data were contributed by nine laboratories, four of 

which used more than one method (laboratories 9, 10, 14 and 15). Where this was the case, the 

laboratory code has been subdivided for method differences, for example 10a, 10b and 10c. 

Mean estimates for 02/254 and 87/518 are summarised in Tables 9 (estimates calculated relative 

to PS01) and 10 (reported estimates relative to local standards). Results from individual assays 

are given in Tables A1.3 and A1.4. For the data in Table 9, no estimates were calculated for 

assays where PS01 was not included and all results have been corrected for the assigned content 

of PS01 (1.045 mg per vial). 

 

Assay validity. 
Although the majority of assays allowed statistically valid estimates to be calculated, some data 

were excluded from further analysis. In assay 1 from laboratory 10b, samples R and V were 

found to be non-linear. In assay 1 from laboratory 11, R appeared to approach a different upper 

asymptote to the other samples and was excluded. In laboratory 12, 87/518 was excluded from 

assay 3 due to significant non-parallelism. Calibrant PS01 showed no significant dose-response  
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in assays 2 and 3 from laboratory 14b, so no results are given for these assays. No results are 

given for assay 1 from laboratories 15a, 15b and 15c due to significant non-parallelism for PS01  

and no results are given for assay 4 from laboratories 15a, 15b and 15c as the responses for PS01 

were on a different section of the response range than the other samples. 

 

Estimates of the relative activity of 02/254 and 87/518 in terms of the primary 

calibrant PS01 from assays on freshly reconstituted ampoules only. 
Analysis of variance with Duncan’s multiple range test was performed on the individual assay 

estimates for 02/254 and 87/518. For both preparations, this indicated significant differences 

between laboratories (p<0.001) and that laboratory 12 was a significant outlier. The results from 

laboratory 12 were therefore excluded from calculation of the overall mean, although analysis of 

variance still showed significant differences between laboratories (p<0.001). The overall mean 

result (Table 9) for 02/254 (calculated as the mean of laboratory means) is 9.78 µg per ampoule 

(standard deviation of mean 0.41; n=11; 95% confidence limits 8.87 – 10.69).  For the IRR, 

87/518 it is 2.54 µg per ampoule (standard deviation of mean 0.16; n=12; 95% confidence limits 

2.19 – 2.89) which is some 20% lower than its defined value.  

 

Comparison with HPLC results. 
For 02/254, the mean result obtained from immunoassays (9.78 µg per ampoule, 95% confidence 

limits 8.87 – 10.69) was significantly larger (p=0.036) than the mean result obtained by HPLC 

(8.48 µg per ampoule, 95% confidence limits 7.73 – 9.23). Between-laboratory variability for 

immunoassays (CV 13.9% excluding laboratory 12) was slightly larger than for HPLC (CV 

9.3%), but the difference was not significant (p=0.202) in comparison made by F-test. 

 

Comparison of results obtained from freshly reconstituted ampoules and freeze-

thawed samples. 
Several laboratories performed assays on freeze-thawed samples. Mean results calculated only 

from freeze-thawed samples are also shown in Table 9 to allow comparison with those obtained 

from freshly reconstituted ampoules. In those laboratories that tested both, there was no 

consistent trend for higher or lower results to be obtained after freeze-thawing and, for both 

02/254 and 87/518, no significant difference in the overall mean estimate was detected (p=0.694 

and p=0.195 respectively).  

 

Estimated content of 02/254 and 87/518 relative to in-house standards from 

assays on freshly reconstituted ampoules only. 
Analysis of variance with Duncan’s multiple range test was performed on the individual assay 

estimates for 02/254 and 87/518. For both preparations, this indicated significant differences 

between laboratories (p<0.001) and that laboratories 2 and 12 were significant outliers. The 

results from these laboratories were therefore excluded from calculation of the overall mean.  

Overall, the results relative to the local standards were 15 – 17% higher than the estimates 

relative to the primary calibrant. For 02/254, the mean result (11.48 µg per ampoule; Table 10) 

was significantly larger (p=0.001) than the mean result obtained from estimates calculated 

relative to PS01 (9.78 µg per ampoule). For 87/518 the difference (2.86 µg per ampoule 

compared to 2.54 µg per ampoule) was not significant (p=0.123). This is as expected, since the 

local standards are calibrated against the IRR, the value for 87/518, 2.88 µg per ampoule (95% 

confidence limits 2.58 - 3.18) was not significantly different from its defined content of 3.1 µg 

per ampoule. 
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Stability based on thermally accelerated degradation samples. 
Estimates of the content of ampoules stored at elevated temperatures for a period of 50 months 

are summarized in Table 11. No consistent loss of activity was found in the laboratories testing  

these samples, and an overall analysis showed no significant loss in activity at any of the 

elevated temperatures. 

 

Bioassays 
A single laboratory performed bioassays as shown in Table A1.5. Data are from 4 separate 

assays and although not sufficient to perform statistical analysis, the data demonstrate that 

02/254 gives comparable responses to the existing reference reagent and that its relative 

bioactivity in terms of PS01 is likely to be consistent with that expected on the basis of its 

calibration by HPLC. 

 

7. Conclusions and recommendations 

The measurement of circulating IGF-1 by immunoassay has become widely established in the 

diagnosis of growth axis pathologies and there is a requirement for the monitoring of dosage 

levels of recombinant human IGF-1 (rhIGF-1) for therapeutic use.  The study to establish a new 

standard for rhIGF-1, calibrated in mass units to reflect current measurement requirements, was 

conducted in two phases; firstly, to assign a value to a primary calibrant in mass units by AAA 

and U-V spectroscopy and, secondly, to apply this value to the calibration of a candidate 

standard for rhIGF-1 by RP-HPLC assay, with confirmatory data from immunoassay and 

bioassay. 

 

Two laboratories (laboratories 3 and 12) performed AAA on PS01 using pre-column 

derivatization protocols and two (laboratories 5 and 7) performed AAA using post-column 

derivatization protocols. The overall mean, calculated as the mean of laboratory means, is 1.045 

mg per vial (standard deviation of the mean 0.009; n=4; 95% confidence limits 1.016 – 1.073). 

Two laboratories reported a mean estimated content of PS01 using UV spectroscopy. Although 

these data showed broad agreement with the estimated content assigned using AAA, because of 

the limited number of estimates, they were omitted from the calculations of the content of PS01. 

Accordingly, in Phase II of the study, all laboratory data reported relative to PS01 were adjusted 

for the content of PS01 which was assigned as 1.045 (1.016-1.073) mg. 

 

In those laboratories carrying out HPLC assay, analysis of variance of individual assay estimates 

for the candidate standard indicated that there were significant differences between laboratories. 

The overall mean was therefore calculated as the mean of laboratory means and was 8.48 (7.73-

9.23) µg per ampoule with a combined standard uncertainty of 0.31 (calculated from the standard 

deviation of the mean and the uncertainty due to the value assigned to PS01). Estimates of purity 

of the non-degraded preparation were in the order of 97% but no correction for this value has 

been applied since estimates are probably method- and laboratory-dependent. Users should 

conduct their own evaluation if deemed necessary. 

 

The candidate preparation 02/254 appears to be sufficiently stable to serve as an international 

standard since the predicted yearly loss of IGF-1 content at -20°C is 0.08% and the predicted 

yearly loss of IGF-1 content at +37°C is 5.9% based on the thermally accelerated degradation 

samples assayed by HPLC. These results indicate that 02/254 is likely to be highly stable under 

long term storage conditions at -20°C. 
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The preparation 02/254 has been shown to have appropriate immunological activity, and 

although the data from bioassays is limited, the data from a single laboratory indicate that the 

preparation also exhibits an appropriate bioactivity. Immunoassay estimates for the candidate 

standard and the IRR relative to the primary calibrant were some 15% lower than estimates 

relative to local standards.  The overall mean content of the IRR was 2.50 µg per ampoule (95%  

confidence limits 2.07-2.92) relative to the primary calibrant, which is some 20% lower than its 

defined value and is in agreement with previous studies suggesting a lower content than the 

consensus value assigned to the IRR in a previous study.  Overall, establishing 02/254 as the new 

standard would necessitate a small adjustment of local standards although manufacturers would 

need to carry out their own re-evaluations. 

 

Proposal 
It is recommended that the preparation in ampoules coded 02/254 be established as the First 

International Standard for IGF-1, Human, Recombinant, with an assigned content of 8.50 µg per 

ampoule (expanded uncertainty 7.73-9.23).   
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10. Summary results 
 

Table 4.  Mean estimated content (mg per vial) of PS01 by AAA. 

 

Lab Vial Mean 

 1 2 3 4  

Standard deviation of mean 

3 1.085 1.038 1.061 . 1.061 0.014 

5 1.025 1.030 1.006 . 1.020 0.007 

7 1.057 1.052 1.055 . 1.055 0.001 

12 1.083 0.984 1.083 1.020 1.043 0.025 

Mean of laboratory means 1.045 

Standard deviation of mean 0.009 

95% confidence limits (1.016 - 1.073) 

Mean of individual vial estimates 1.045 

Standard deviation of mean 0.009 

95% confidence limits (1.026 - 1.063) 

 

 

Table 5.  Mean estimated content (mg per vial) of PS01 by UV Spectroscopy. 

 

Lab Vial Mean 

 1 2 3 4  

Standard deviation of mean 

6 1.070 1.140 1.080 . 1.097 0.022 

7 1.151 1.147 . . 1.149 0.002 

 

 

Table 6.  Mean estimated purity (%) of 02/254 (ampoules coded R, V) by HPLC. 

 

Lab Ampoule Mean 

 R1 R2 V1 V2  

4 97.12 . 97.87 . 97.50 

6 96.65 97.64 97.31 96.11 96.93 

12 97.41 97.22 97.41 96.39 97.11 

18 100.00 95.40 100.00 93.15 97.14 

Mean of laboratory means 97.17 

Standard deviation of mean 0.12 

95% confidence limits (96.79 - 97.54) 
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Table 7.  Mean estimated content (µg per ampoule) of 02/254 (ampoules coded R, V) by HPLC 

relative to primary calibrant PS01 at 1.045 mg per vial. 

 

Lab Ampoule Mean Standard deviation of mean 

 R1 R2 V1 V2   

4 8.99 . 8.66 . 8.83 0.16 

6 6.93 7.02 7.50 7.34 7.20 0.13 

8 10.26 7.36 9.09 7.73 8.61 0.66 

12 7.99 7.99 8.20 . 8.06 0.07 

13 8.40 . 8.86 . 8.63 0.23 

17 8.20 . 8.28 . 8.24 0.04 

18 9.19 10.39 9.66 9.95 9.79 0.25 

Mean of laboratory means 8.48 

Standard deviation of mean 0.30 

Standard uncertainty* 0.31 

Expanded uncertainty 

(corresponding to 95% level of confidence) 

(7.73 - 9.23) 

Mean of individual ampoule estimates 8.48 

Standard deviation of mean 0.22 

Standard uncertainty* 0.23 

Expanded uncertainty 

(corresponding to 95% level of confidence) 

(7.99 - 8.97) 

 

*includes uncertainty due to assigned value of PS01 
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Table 8.  Mean estimated content (µg per ampoule) of 02/254 accelerated thermal degradation 

samples (coded P, W, T, S) by HPLC using primary calibrant PS01. 

 

Code Lab Ampoule Mean Mean 

 

Storage 

temperature  1 2  

Content relative 

to -20°C (R,V) (95% conf. limits) 

P +4°C 4 . . . . 95.5% 

  6 . . . . (93.7 - 97.4) 

  8 . . . .  

  12 7.63 7.79 7.71 95.6%  

  13 8.18 . 8.18 94.8%  

  17 7.93 . 7.93 96.3%  

  18 . . . .  

W +20°C 4 . . . . 92.9% 

  6 . . . . (89.8 - 95.9) 

  8 8.06 7.36 7.71 89.5%  

  12 7.47 7.79 7.63 94.6%  

  13 8.12 . 8.12 94.1%  

  17 7.84 . 7.84 95.1%  

  18 8.73 9.10 8.91 91.0%  

T +37°C 4 5.90 . 5.90 66.9% 78.0% 

  6 5.57 5.49 5.53 76.8% (69.3 - 86.7) 

  8 . . . .  

  12 . . . .  

  13 6.76 . 6.76 78.3%  

  17 6.83 . 6.83 82.9%  

  18 8.33 8.30 8.31 84.9%  

S +45°C 4 5.15 . 5.15 58.4% 71.0% 

  6 5.12 5.02 5.07 70.4% (56.8 - 85.1) 

  8 5.37 3.93 4.65 54.0%  

  12 . . . .  

  13 6.31 . 6.31 73.1%  

  17 6.51 . 6.51 79.0%  

  18 8.70 9.08 8.89 90.8%  
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Table 9.  Mean estimated content (µg per ampoule) of 02/254 (ampoules coded R, V) and 87/518 

calculated relative to primary calibrant PS01 at 1.045 mg per vial by immunoassay.  

 

 

Lab 

Assays on freshly 

reconstituted ampoules only 

Assays on freeze-thawed 

ampoules only 

 02/254 87/518 02/254 87/518 

1 . . 9.84 2.81 

2 11.69 3.01 . . 

9a 10.94 3.08 . 2.54 

9b 10.59 3.26 9.32 2.47 

10a 10.23 2.83 11.01 2.93 

10b . 2.93 10.51 3.14 

10c . . 11.58 3.20 

11 11.52 2.45 . . 

12* 5.29 0.66 4.88 . 

13 8.50 1.98 10.71 2.61 

14a 9.47 2.85 7.64 2.64 

14b . . 9.92 2.70 

14c 10.09 2.67 10.56 3.21 

15a 7.92 1.71 7.93 . 

15b 8.35 1.86 7.89 . 

15c 8.32 1.85 7.69 . 

Mean 9.78 2.54 9.55 2.82 

Standard deviation of mean 0.41 0.16 0.41 0.09 

95% confidence limits (8.87 - 10.69) (2.19 - 2.89) (8.65 - 10.46) (2.62 - 3.02) 

 

*excluded from calculation of mean 
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Table 10.  Mean estimated content (µg per ampoule) of 02/254 (ampoules coded R, V) and 

87/518 reported by laboratories relative to in-house standards.  

 

 

Lab 

Assays on freshly 

reconstituted ampoules only 

Assays on freeze-thawed 

samples only 

 02/254 87/518 02/254 87/518 

1 11.98 3.27 11.32 3.17 

2* 6.23 1.60 . . 

9a 10.60 2.64 9.76 2.56 

9b 10.21 2.39 9.33 2.34 

10a 10.80 2.92 11.02 2.75 

10b 12.56 3.71 12.58 3.48 

10c* . . 30.33 7.42 

11 12.84 2.60 . . 

12* 6.07 0.79 5.71 0.46 

13 . . . . 

14a 12.87 2.60 12.93 2.66 

14b . . 13.95 2.79 

14c 11.55 2.90 12.39 2.97 

15a 11.00 2.73 11.81 . 

15b 11.64 2.82 12.54 . 

15c 11.72 2.85 12.48 . 

Mean 11.61 2.86 11.83 2.84 

Standard deviation of 

mean 0.27 0.11 0.41 0.13 

95% confidence limits (11.01 - 12.22) (2.61 - 3.10) (10.9 - 12.75) (2.54 - 3.14) 

 

*excluded from calculation of mean 

 

 

Table 11. Mean estimated content (µg per ampoule) of 02/254 accelerated thermal degradation 

samples (coded P, W, T, S) by immunoassay. 

 

  Content relative to -20°C (R,V) 

Lab P 

(4°C) 

W 

(20°C) 

T 

(37°C) 

S 

(45°C) 

P 

(4°C) 

W 

(20°C) 

T 

(37°C) 

S 

(45°C) 

1 9.46 9.16 8.69 8.80 96.2% 93.1% 88.3% 89.4% 

2 . . 12.57 11.80 . . 107.5% 100.9% 

13 8.30 9.09 8.63 . 86.4% 94.6% 89.9% . 

14a 9.13 8.71 8.94 8.65 100.2% 95.6% 98.1% 95.0% 

14b 9.66 9.83 9.57 9.88 97.4% 99.0% 96.5% 99.5% 

14c 10.89 10.44 11.47 11.74 106.3% 101.9% 112.0% 114.6% 
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APPENDIX 1:Individual assay results 

Table A1.1.  Estimated content (mg per vial) of PS01 by AAA. 

 

Lab Method Ampoule Estimates Mean 

3 AAA 1 1.085 1.085 

  2 1.038 1.038 

  3 1.061 1.061 

5 AAA 1 1.030 1.025 

   1.020  

  2 1.040 1.030 

   1.020  

  3 0.981 1.006 

   1.030  

7 AAA (5aa) 1 1.020 1.057 

   1.100  

   1.050  

 AAA (10aa) 1 1.020  

   1.100  

   1.050  

 AAA (5aa) 2 1.040 1.052 

   1.040  

   1.070  

 AAA (10aa) 2 1.030  

   1.050  

   1.080  

 AAA (5aa) 3 1.030 1.055 

   1.060  

   1.070  

 AAA (10aa) 3 1.020  

   1.080  

   1.070  

12 AAA 1 1.083 1.083 

  2 0.984 0.984 

  3 1.083 1.083 

  4 1.020 1.020 
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Table A1.2.  Estimated content (µg per ampoule) of 02/254 (ampoules coded R, V, P, W, T, S) 

by HPLC using primary calibrant PS01. 

 

Lab Method Ampoule Estimates Mean 

4 HPLC R 9.05 

8.91 

8.99 

  V 8.69 

8.63 

8.66 

  T 6.00 

5.80 

5.90 

  S 5.21 

5.09 

5.15 

6 HPLC – FLUOR R1 6.93 6.93 

 HPLC – UV R2 7.02 7.02 

 HPLC – FLUOR V1 7.50 7.50 

 HPLC – UV V2 7.34 7.34 

 HPLC – FLUOR T1 5.57 5.57 

 HPLC – UV T2 5.49 5.49 

 HPLC – FLUOR S1 5.12 5.12 

 HPLC – UV S2 5.02 5.02 

8 HPLC R1 11.12 

9.41 

10.26 

  R2 7.44 

7.27 

7.36 

  V1 8.99 

9.20 

9.09 

  V2 7.86 

7.61 

7.73 

  W1 7.73 

7.57 

8.69 

8.23 

8.06 

  W2 9.03 

7.36 

6.52 

6.52 

7.36 

  S1 5.48 

5.27 

5.37 

  S2 4.01 

3.85 

3.93 
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Table A1.2 (continued).  Estimated content (µg per ampoule) of 02/254 (ampoules coded R, V, 

P, W, T, S) by HPLC using primary calibrant PS01. 

 

Lab Method Ampoule Estimates Mean 

12 HPLC R1 8.05 

7.94 

7.99 

  R2 8.05 

7.94 

7.99 

  V1 8.26 

8.15 

8.20 

  P1 7.63 

7.63 

7.63 

  P2 7.84 

7.73 

7.79 

  W1 7.52 

7.42 

7.47 

  W2 7.84 

7.73 

7.79 

13 HPLC R 7.86 

8.95 

8.40 

  V 8.87 

8.86 

8.86 

  P 7.56 

8.81 

8.18 

  W 7.99 

8.25 

8.12 

  T 6.64 

6.89 

6.76 

  S 6.09 

6.53 

6.31 

17 HPLC R 8.13 

8.27 

8.20 

  V 8.15 

8.40 

8.28 

  P 7.48 

8.37 

7.93 

  W 8.07 

7.59 

7.84 

  T 6.87 

6.80 

6.83 

  S 6.56 

6.47 

6.51 
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Table A1.2 (continued).  Estimated content (µg per ampoule) of 02/254 (ampoules coded R, V, 

P, W, T, S) by HPLC using primary calibrant PS01. 

 

Lab Method Vial Estimates Mean 

18 HPLC R1 9.19 9.19 

  R2 10.39 10.39 

  V1 9.66 9.66 

  V2 9.95 9.95 

  W1 8.73 8.73 

  W2 9.10 9.10 

  T1 8.33 8.33 

  T2 8.30 8.30 

  S1 8.70 8.70 

  S2 9.08 9.08 
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Table A1.3.  Estimated content (µg per ampoule) calculated relative to primary calibrant PS01 in 

immunoassays. All results in brackets excluded from further calculations. 

 

  Fresh/ 02/254  

Lab Assay frozen R V Mean(R,V) P W T S 87/518 

1 1 Frozen 9.95 10.19 10.07 9.65 9.76 8.86 9.26 2.82 

 2 Frozen 9.78 9.45 9.61 9.37 8.79 8.57 8.44 2.78 

 3 Frozen 9.84 9.98 9.91 9.50 9.12 8.81 8.90 2.79 

 4 Frozen 9.78 9.75 9.77 9.33 8.97 8.51 8.59 2.83 

Mean 9.84 9.46 9.16 8.69 8.80 2.81 

2 1 Fresh (4.81) 11.95 11.95 . . 13.03 12.16 3.00 

 2 Fresh 11.35 11.53 11.44 . . 12.57 11.70 3.05 

 3 Fresh (4.60) . . . . 12.45 12.05 3.09 

 4 Fresh 11.40 11.95 11.68 . . 12.24 11.27 2.92 

Mean 11.69 . . 12.57 11.80 3.01 

9a 1 Fresh 10.09 10.17 10.13 . . . . 3.71 

 2 Frozen (5.20) (3.76) . . . . . 2.62 

 3 Frozen (4.85) (3.40) . . . . . 2.51 

 4 Frozen (5.26) (3.75) . . . . . 2.50 

 5 Fresh 11.51 11.61 11.56 . . . . 2.86 

 6 Fresh 11.15 11.12 11.13 . . . . 2.95 

 7 Fresh 11.45 11.11 11.28 . . . . 2.96 

 8 Fresh 10.55 10.64 10.60 . . . . 2.92 

Mean (fresh) 10.94 . . . . 3.08 

Mean (frozen) . . . . . 2.54 

9b 1 Fresh 10.70 9.98 10.34 . . . . 3.74 

 2 Fresh 11.33 10.99 11.16 . . . . 3.34 

 3 Fresh 10.81 9.71 10.26 . . . . 4.05 

 4 Fresh 10.70 10.19 10.44 . . . . 2.85 

 5 Fresh 11.67 11.06 11.36 . . . . 3.05 

 6 Fresh 9.80 9.50 9.65 . . . . 2.83 

 7 Fresh 10.59 11.22 10.90 . . . . 2.93 

 8 Frozen 9.52 9.47 9.49 . . . . 2.53 

 9 Frozen 8.97 9.31 9.14 . . . . 2.41 

Mean (fresh) 10.59 . . . . 3.26 

Mean (frozen) 9.32 . . . . 2.47 

10a 1 Fresh 10.25 10.20 10.23 . . . . 2.83 

 2 Frozen 11.09 10.93 11.01 . . . . 2.93 

Mean (fresh) 10.23 . . . . 2.83 

Mean (frozen) 11.01 . . . . 2.93 
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Table A1.3 (continued).  Estimated content (µg per ampoule) calculated relative to primary 

calibrant PS01 in immunoassays. All results in brackets excluded from further calculations. 

 

  Fresh/ 02/254  

Lab Assay frozen R V Mean(R,V) P W T S 87/518 

10b 1 Fresh . . . . . . . 2.93 

 2 Frozen 10.64 10.39 10.51 . . . . 3.14 

Mean (fresh) . . . . . 2.93 

Mean (frozen) 10.51 . . . . 3.14 

10c 1 Frozen 11.48 11.67 11.58 . . . . 3.20 

Mean 11.58 . . . . 3.20 

11 1 Fresh . 9.97 9.97 . . . . 2.17 

 2 Fresh 12.71 12.00 12.35 . . . . 2.56 

 3 Fresh 12.97 11.53 12.25 . . . . 2.60 

 4 Fresh (8.08) (6.00) . . . . . (1.38) 

 5 Fresh (6.25) (6.50) . . . . . (1.39) 

 6 Fresh (6.71) (5.59) . . . . . (1.43) 

Mean 11.52 . . . . 2.45 

12 1 Fresh 6.04 4.79 5.42 . . . . 0.92 

 2 Fresh 5.32 5.00 5.16 . . . . 0.40 

 3 Frozen 4.97 4.79 4.88 . . . . . 

Mean (fresh) 5.29 . . . . 0.66 

Mean (frozen) 4.88 . . . . . 

13 1 Fresh 10.15 7.61 8.88 7.77 8.70 6.32 . 2.03 

 2 Fresh 8.08 8.16 8.12 7.75 7.43 7.02 . 1.93 

 3 Frozen 12.11 10.27 11.19 9.40 10.50 9.82 . 2.63 

 4 Frozen 10.11 10.36 10.24 8.28 9.73 11.37 . 2.58 

Mean (fresh) 8.50 7.76 8.07 6.67 . 1.98 

Mean (frozen) 10.71 8.84 10.12 10.60 . 2.61 

14a 1 Fresh 9.37 9.02 9.20 9.33 8.79 9.07 8.88 2.82 

 2 Frozen 8.22 7.06 7.64 8.16 7.97 7.41 7.30 2.64 

 3 Fresh 9.74 9.98 9.86 9.46 . 10.14 9.13 3.34 

 4 Fresh 10.32 10.05 10.19 10.34 10.07 9.18 9.33 3.14 

 5 Fresh 8.55 8.74 8.64 8.34 7.99 8.89 8.61 2.10 

Mean (fresh) 9.47 9.37 8.95 9.32 8.99 2.85 

Mean (frozen) 7.64 8.16 7.97 7.41 7.30 2.64 

14b 1 Frozen 10.06 9.72 9.89 10.22 9.93 9.76 10.20 3.41 

 2 Frozen . . . . . . . . 

 3 Frozen . . . . . . . . 

 4 Frozen 11.88 11.60 11.74 11.16 11.56 11.39 11.23 2.79 

 5 Frozen 7.90 8.38 8.14 7.61 7.99 7.57 8.19 1.89 

Mean 9.92 9.66 9.83 9.57 9.88 2.70 
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Table A1.3 (continued).  Estimated content (µg per ampoule) calculated relative to primary 

calibrant PS01 in immunoassays. All results in brackets excluded from further calculations. 

 

  Fresh/ 02/254  

Lab Assay frozen R V Mean(R,V) P W T S 87/518 

14c 1 Frozen 10.76 10.05 10.41 10.47 9.14 10.21 11.46 3.98 

 2 Fresh 9.54 9.53 9.54 10.72 10.27 11.45 12.14 2.81 

 3 Frozen 11.30 10.15 10.72 11.81 11.04 12.58 12.38 2.45 

 4 Frozen . . . . . . . . 

 5 Fresh 9.93 10.34 10.13 10.89 10.81 10.87 10.74 2.77 

 6 Fresh 11.11 10.36 10.73 11.60 10.63 12.74 12.94 2.53 

 7 Fresh 9.84 10.04 9.94 9.85 10.74 10.99 10.77 2.58 

Mean (fresh) 10.09 10.77 10.61 11.51 11.65 2.67 

Mean (frozen) 10.56 11.14 10.09 11.40 11.92 3.21 

15a 1 Fresh . . . . . . . . 

 2 Fresh 7.70 8.14 7.92 . . . . 1.71 

 3 Frozen (4.70) 7.93 7.93 . . . . (0.43) 

 4 Frozen . . . . . . . . 

Mean (fresh) 7.92 . . . . 1.71 

Mean (frozen) 7.93 . . . . . 

15b 1 Fresh . . . . . . . . 

 2 Fresh 7.99 8.70 8.35 . . . . 1.86 

 3 Frozen (4.57) 7.89 7.89 . . . . (0.45) 

 4 Frozen . . . . . . . . 

Mean (fresh) 8.35 . . . . 1.86 

Mean (frozen) 7.89 . . . . . 

15c 1 Fresh . . . . . . . . 

 2 Fresh 8.06 8.58 8.32 . . . . 1.85 

 3 Frozen (4.37) 7.69 7.69 . . . . (0.42) 

 4 Frozen . . . . . . . . 

Mean (fresh) 8.32 . . . . 1.85 

Mean (frozen) 7.69 . . . . . 
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Table A1.4.  Estimated content (µg per ampoule) reported by laboratories (relative to in-house 

standards) in immunoassays. All results in brackets excluded from further calculations. 

 

  Fresh/ 02/254  

Lab Assay frozen R V Mean(R,V) P W T S 87/518 

1 1 Fresh 12.18 11.77 11.98 11.53 11.24 10.96 11.43 3.27 

 2 Frozen 10.09 10.14 10.12 10.04 10.07 9.77 10.26 2.78 

 3 Frozen 11.94 11.98 11.96 11.73 11.10 11.26 11.27 3.40 

 4 Frozen 11.27 11.48 11.38 11.12 10.71 10.74 11.34 3.17 

 5 Frozen 11.86 11.80 11.83 11.26 10.85 10.58 11.06 3.33 

Mean (fresh) 11.98 11.53 11.24 10.96 11.43 3.27 

Mean (frozen) 11.32 11.04 10.68 10.59 10.98 3.17 

2 1 Fresh (2.09) 5.43 5.43 . . 5.97 5.55 1.34 

 2 Fresh 5.05 5.14 5.10 . . 5.65 5.23 1.34 

 3 Fresh (2.47) . . . . 7.12 6.88 1.73 

 4 Fresh 7.92 8.40 8.16 . . 8.65 7.88 2.00 

Mean 6.23 . . 6.85 6.39 1.60 

9a 1 Fresh 9.91 9.87 9.89 . . . . 1.86 

 2 Frozen (4.93) (3.56) . . . . . 2.50 

 3 Frozen (4.74) (3.32) . . . . . 2.43 

 4 Frozen (4.96) (3.50) . . . . . 2.47 

 5 Fresh 11.16 11.27 11.22 . . . . 2.73 

 6 Fresh 10.77 10.74 10.76 . . . . 2.83 

 7 Fresh 11.26 10.95 11.11 . . . . 2.89 

 8 Fresh 9.99 10.09 10.04 . . . . 2.91 

 9 Frozen 10.05 9.87 9.96 . . . . 2.66 

 10 Frozen 9.54 9.58 9.56 . . . . 2.73 

Mean (fresh) 10.60 . . . . 2.64 

Mean (frozen) 9.76 . . . . 2.56 

9b 1 Fresh 10.26 9.46 9.86 . . . . 1.84 

 2 Fresh 10.94 10.55 10.75 . . . . 1.66 

 3 Fresh 11.00 9.41 10.21 . . . . 1.98 

 4 Fresh 10.29 9.15 9.72 . . . . 2.74 

 5 Fresh 11.39 10.72 11.06 . . . . 2.97 

 6 Fresh 9.31 9.01 9.16 . . . . 2.71 

 7 Fresh 10.33 11.11 10.72 . . . . 2.81 

 8 Frozen 9.25 9.87 9.56 . . . . 2.38 

 9 Frozen 8.63 9.58 9.11 . . . . 2.29 

Mean (fresh) 10.21 . . . . 2.39 

Mean (frozen) 9.33 . . . . 2.34 

 



WHO/BS/08.2095 

Page 26 
 

Table A1.4 (continued).  Estimated content (µg per ampoule) reported by laboratories (relative to 

in-house standards) in immunoassays. All results in brackets excluded from further calculations. 

 

  Fresh/ 02/254  

Lab Assay frozen R V Mean(R,V) P W T S 87/518 

10a 1 Fresh 10.88 10.72 10.80 . . . . 2.92 

 2 Frozen 10.13 11.90 11.02 . . . . 2.75 

Mean (fresh) 10.80 . . . . 2.92 

Mean (frozen) 11.02 . . . . 2.75 

10b 1 Fresh 11.98 13.13 12.56 . . . . 3.71 

 2 Frozen 11.69 13.46 12.58 . . . . 3.48 

Mean (fresh) 12.56 . . . . 3.71 

Mean (frozen) 12.58 . . . . 3.48 

10c 1 Frozen 30.09 30.56 30.33 . . . . 7.42 

Mean 30.33 . . . . 7.42 

11 1 Fresh 12.77 9.06 10.92 . . . . 2.09 

 2 Fresh 13.73 12.45 13.09 . . . . 2.68 

 3 Fresh 15.64 13.38 14.51 . . . . 3.04 

 4 Fresh 16.84 12.65 14.75 . . . . 2.93 

 5 Fresh 13.81 15.36 14.59 . . . . 2.45 

 6 Fresh 14.62 11.75 13.19 . . . . 3.14 

Mean 12.84 . . . . 2.60 

12 1 Fresh 7.56 5.82 6.69 . . . . 1.14 

 2 Fresh 5.61 5.31 5.46 . . . . 0.45 

 3 Frozen 5.83 5.59 5.71 . . . . 0.46 

Mean (fresh) 6.07 . . . . 0.79 

Mean (frozen) 5.71 . . . . 0.46 

14a 1 Fresh 13.46 13.30 13.38 14.09 12.69 13.68 13.65 2.59 

 2 Frozen 13.36 12.50 12.93 13.27 12.84 12.27 12.12 2.66 

 3 Fresh 12.19 12.57 12.38 11.74 . 12.69 11.74 2.63 

 4 Fresh 13.89 13.26 13.58 13.39 13.39 11.95 12.14 2.57 

 5 Fresh 11.95 12.35 12.15 11.67 11.15 12.59 12.07 . 

Mean (fresh) 12.87 12.72 12.41 12.73 12.40 2.60 

Mean (frozen) 12.93 13.27 12.84 12.27 12.12 2.66 

14b 1 Frozen 14.56 13.58 14.07 14.95 14.70 14.52 15.31 3.09 

 2 Frozen 13.58 13.00 13.29 13.07 13.31 13.32 12.82 2.60 

 3 Frozen 13.64 12.93 13.29 12.83 12.43 11.76 12.75 2.67 

 4 Frozen 14.99 14.75 14.87 14.02 14.80 14.31 14.37 . 

 5 Frozen 13.85 14.58 14.22 13.39 14.00 13.36 14.35 . 

Mean 13.95 13.65 13.85 13.45 13.92 2.79 
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Table A1.4 (continued).  Estimated content (µg per ampoule) reported by laboratories (relative to 

in-house standards) in immunoassays. All results in brackets excluded from further calculations. 

 

  Fresh/ 02/254  

Lab Assay frozen R V Mean(R,V) P W T S 87/518 

14c 1 Frozen 12.29 11.67 11.98 12.92 11.32 12.72 14.59 2.84 

 2 Fresh 12.24 12.15 12.20 12.90 13.28 14.62 15.38 . 

 3 Frozen 12.97 11.58 12.28 13.25 12.38 13.64 13.96 2.75 

 4 Frozen 13.49 12.34 12.92 13.21 13.19 13.94 14.30 3.32 

 5 Fresh 10.22 10.67 10.45 11.49 11.23 11.31 11.09 2.82 

 6 Fresh 12.91 11.52 12.22 13.45 11.82 13.99 14.56 2.98 

 7 Fresh 11.28 11.38 11.33 11.23 12.12 12.62 12.28 2.90 

Mean (fresh) 11.55 12.27 12.11 13.14 13.33 2.90 

Mean (frozen) 12.39 13.13 12.30 13.43 14.28 2.97 

15a 1 Fresh 11.08 10.25 10.67 . . . . 2.89 

 2 Fresh 11.03 11.63 11.33 . . . . 2.56 

 3 Frozen (7.27) 11.81 11.81 . . . . (1.06) 

 4 Frozen (4.59) (5.50) . . . . . (0.95) 

Mean (fresh) 11.00 . . . . 2.73 

Mean (frozen) 11.81 . . . . . 

15b 1 Fresh 11.11 10.13 10.62 . . . . 2.73 

 2 Fresh 12.19 13.14 12.67 . . . . 2.90 

 3 Frozen (8.10) 12.54 12.54 . . . . (1.02) 

 4 Frozen (4.39) (5.40) . . . . . (0.86) 

Mean (fresh) 11.64 . . . . 2.82 

Mean (frozen) 12.54 . . . . . 

15c 1 Fresh 11.45 10.60 11.03 . . . . 2.81 

 2 Fresh 12.33 12.50 12.42 . . . . 2.88 

 3 Frozen (8.05) 12.48 12.48 . . . . (1.00) 

 4 Frozen (4.30) (5.27) . . . . . (0.86) 

Mean (fresh) 11.72 . . . . 2.85 

Mean (frozen) 12.48 . . . . . 

 

 

Table A1.5.  Estimated content (µg per ampoule) reported by a single laboratory (relative to 

PS01) in bioassay. 

Lab 

 

Assay Ampoule Estimate Mean 

12 Myoblasts  

bioassay 

R 17.4 

6.2 

11.8 

  V 9.5 9.5 

   -  

  87/518 2.2 2.2 

   -  
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APPENDIX 2: Study protocol 
 

WHO INTERNATIONAL COLLABORATIVE STUDY OF THE PROPOSED 1
st
 

INTERNATIONAL STANDARD FOR INSULIN-LIKE GROWTH FACTOR-1, 

RECOMBINANT, HUMAN. 

 

Study Protocol 
 

Replacement of the WHO International Reference Reagent for Insulin-like Growth Factor-

I for Immunoassay (87/518) 
 

 

INTRODUCTION 

 

Insulin-like growth factor-I (IGF-I) is a 7.5 kD single-chain polypeptide with both proliferative 

and metabolic activities and its measurement by immunoassay has become widely established in 

the diagnosis of growth axis pathologies.  Stocks of the First WHO International Reference 

Reagent (IRR) for IGF-I for Immunoassay, 87/518, are now exhausted so there is an urgent need 

to provide a replacement standard. 

 

A new preparation of IGF-I, kindly donated to WHO by Genentech, has been filled into 

ampoules (NIBSC Code 02/254), following procedures recommended by WHO (1), and it is 

intended to set up an international collaborative study with several expert laboratories to aid in 

the value assignment of the proposed International Standard (IS). 

 

 

AIMS OF THE STUDY 
 

Serum/plasma IGF-I levels are expressed in mass units, typically microgram/L or nmol/L.  The 

value assigned to the current IRR 87/518, 3.1 micrograms per ampoule, is a consensus estimate 

derived from immunoassay and bioassay data.  The candidate standard, 02/254, contains 

approximately 10 micrograms of formulated IGF-I.  This cannot be measured directly by current 

physicochemical methods so, in order to calibrate the preparation in mass units, a two-phase 

study is planned. 

 

Phase I involves the establishment of a primary calibrant (PS01) of recombinant IGF-I, 

consisting of a limited number of vials containing approximately 1.0 mg IGF-I per vial.  A 

defined value will be assigned to the primary calibrant by amino acid analysis and U-V 

spectroscopy.  Phase II will involve calibration of the candidate IS, 02/254, in terms of the 

primary calibrant by HPLC, with confirmatory data from immunoassay and bioassay. 

 

The aims of the study are therefore: 

• to calibrate the new preparation 02/254 by physicochemical methods in mass units, 

relative to the primary calibrant PS01, 

• to demonstrate the suitability of the preparation 02/254 to serve as the IS for IGF-I by 

examining its behaviour in biological and immunological assay systems, 

• to derive a relationship between the current IRR 87/518 and the proposed IS 02/254  

• to assess the relationships among the existing local standards, the IRR and the proposed 

IS. 
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MATERIALS 

 

Preparations supplied to participants in collaborative study.  

 
The materials for this study, which may be identified only by code letter, are listed in Table 1.  

Where appropriate, each participant will be allocated a set of core preparations and a further 

selection of samples based on assay capacity and sample availability (some thermally accelerated 

degradation samples are only available in limited numbers). 

 

Table 1. 

IGF-I preparation 

 

Ampoule content 

Primary calibrant PS01 

 

Nominally 1.0 milligram IGF-I per ampoule 

plus lyophilized residue of 0.05M sodium 

acetate 

 

Candidate standard 02/254 stored at -20°C 

 

Nominally 10 micrograms IGF-I per ampoule 

plus 10 milligrams trehalose and 3 milligrams 

sodium phosphate.  

Accelerated thermal degradation (ATD) samples 

of 02/254 stored at +4°C, +20°C, +37°C , +45°C   

                 

Content assumed identical to 02/254 

WHO IRR for IGF-I for Immunoassay  87/518 

 

3.1 micrograms per ampoule (by definition) plus 5 

milligrams trehalose 

 

 

TESTS REQUESTED 

 

Phase I 

Amino acid analysis and U-V spectroscopy for value assignment of primary calibrant PS01 

 
Participants are requested to derive estimates of the IGF-I content of the primary calibrant PS01* 

by amino acid analysis following the protocol used in their laboratory.  From three to five vials 

of the primary calibrant will be provided and participants are asked to carry out three analytical 

runs for each vial.  Participants are also requested to determine the ampoule content of IGF-I by 

U-V spectroscopy (Appendix 1 shows a suggested laboratory protocol although the method 

normally run in the participant’s laboratory is acceptable).  
 

*Handling of PS01 - The recommended storage temperature is -20°C.  Please be aware that the contents of the vial are 

very friable and particulate material may be lodged around the rubber stopper.  It is recommended that diluent (double 

distilled water for physicochemical analyses) is added by syringe to the pre-weighed vial and the volume calculated by 

re-weighing after addition of the diluent.  The contents can be dissolved by rotating gently for 5 minutes, avoiding 

frothing.  If necessary, after use, the vial should be re-sealed and returned to the freezer immediately. 

 

 

Phase II 

HPLC for assay of candidate standard, 02/254 
 

Assuming a value of 1.0 mg per vial for the primary calibrant PS01, participants are asked to 

provide, in duplicate, estimates of IGF-I content of the candidate ampouled preparation, 02/254, 

and its accelerated thermal degradation samples, by comparison with PS01, using the HPLC  
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method normally in use in-house.  (Additional information contained in Appendix 2 may prove 

useful).  When a definitive value has been assigned to PS01 following completion of Phase I, 

results will be adjusted accordingly. 

 

Bioassay and Immunoassay of candidate standard, 02/254 

 

Participants are requested to carry out the assay(s) normally in use in their laboratory and, where 

possible, to perform at least two independent assays, using fresh ampoules/vials, each assay to 

include all of the preparations allocated at preferably no less than five dose levels in the linear 

part of the dose-response curve.  In instances where there is not a fresh ampoule for subsequent 

assays, it is suggested that fresh dilutions are made from frozen stock solutions.  Participants are 

asked to ensure that all assays include their local standard where possible.   
 

The ampoule contents of the test preparations are listed in Table 1.  Candidate IGF-I (02/254) 

and its degradation samples are coded, in random order, P, R, S, T, V and W and contain 

nominally 10 µg IGF-I per ampoule.  On receipt ampoules should be stored at -20°C until use.  

Before opening, ampoules should be brought to room temperature to minimise moisture uptake.  It 

is recommended that the contents of each ampoule are reconstituted in a suitable assay diluent 

e.g. PBS or saline (not water) and appropriate dilutions made from this stock solution.  Since 

there are likely to be extensive dilutions to achieve required assay doses, protein cover (typically 

0.1% BSA or HSA) to prevent surface adsorption should be provided.  There is some evidence 

that if the initial dilution is carried out in a relatively large volume, variation resulting from the 

numerous dilution steps is minimized.  If practicable, an initial dilution volume of 5 ml is 

therefore suggested.  PS01 should be handled as described in Phase I, using the same assay 

diluent as above. 

We are also seeking data on stability after freeze-thawing if possible, so we would be grateful if 

dilutions from any frozen stocks could be included in subsequent assays where assay capacity 

allows.  Where dilutions of a stored stock solution have been used, we would appreciate details of 

its storage and identification of the initial preparation.    

 

Participants are asked to provide details of the assay method used, including dilution steps, together 

with all raw assay data (in electronic format if possible) in the form of clearly annotated optical 

densities, counts, etc. for central computation at NIBSC.  Participants’ own estimates of activity as 

calculated by the method normally used in their laboratory are also requested. 

REPORT 

A preliminary report will be prepared and circulated to all participants for comment before 

submission to the Expert Committee on Biological Standardization of WHO.  In the report, 

participating laboratories will be identified by a laboratory number only and any requests to treat 

information in confidence will be respected. 
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REFERENCES 
 

1. WHO Tech Rep Ser No 800, 1990 181-214. 

 

For further information, please contact: 

 

Brian Rafferty or Chris Burns 

National Institute for Biological Standards and Control 

Blanche Lane, South Mimms 

Potters Bar, Herts.  EN6 3QG 

UK 

Tel:  44 (0) 1707 641243 BR 

Tel:  44 (0) 1707 641247 CB 

Fax: 44 (0) 1707 641057 

e-mail: brafferty@nibsc.ac.uk 

e-mail: cburns@nibsc.ac.uk 

http://www.nibsc.ac.uk 

 

Participants in the study are advised to take note of the disclaimers in the ‘Instructions for Use’ 

which accompany the samples and of the prohibitions against (i) use in humans (ii) further 

transfer (iii) use for commercial purposes, and (iv) use for any purpose other than the 

establishment of a reference standard.  They are also requested not to publish or circulate 

information concerning the candidate material without the prior agreement of the NIBSC on 

behalf of WHO.  After agreement by all participants on the final report and after submission to 

the ECBS, this reservation no longer applies. 
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Laboratory Protocol Appendix 1  
 

Spectrophotometric determination of IGF-1 content of Primary Calibrant PS01 

 

• Add ddH2O [double distilled water] to a pre-weighed vial of PS01, by injecting the liquid 

through the rubber seal, to give a final concentration of approximately 1 mg/ml.  Dissolve 

the contents by rotating slowly for 5 minutes.  Determine the total volume added by re-

weighing the vial. 

 

• Warm up a recently calibrated scanning densitometer and set it to scan between 360 and 

240nm. Fill a 1cm path length cuvette with ddH2O, and scan in a baseline. 

 

• Dry the cuvette, add the IGF-1 solution and scan over the same wavelength range [the 

blank baseline should be automatically deducted by the machine]. Print out the resulting 

scan trace. 

 

Turbidity correction 

 

• With a straight edge, extrapolate the straight line between 360 and 320nm back towards 

240nm to produce a corrected baseline. Using the x and y axes scales, determine the 

value of this baseline at the peak maximum, [which should be on or close to 276nm]. 

Subtract this baseline value from the maximum value to give the final corrected value. 

 

Protein content calculation 

 

• Multiply the corrected value, obtained above, by the total volume of the sample.  Using 

the Extinction Coefficient of 0.65 [0.1% (1mg/ml) solution of IGF-1 at 276nm], calculate 

the total vial content as in the example below: 

 

 

If  A276 corrected = 0.690 and total sample volume = 1.012 mls, 

 

Total A276 units = 0.690 x 1.012 = 0.698 

 

Thus total vial content = 0.698 / 0.65 = 1.074 mg 

 

Repeat the process for all vials to be measured and record the results.  
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Laboratory Protocol Appendix 2 
 

Outline method for RP-HPLC assay of IGF-1 content 

 

• Column: YMC ODS-A (or similar), pore size 30nm, particle size 5µm, dimensions 

250x4.6 mm id. 

 

• Gilson system with 215 injection and fraction collection with samples maintained at 4°C.  

 

• Binary pump (Gilson 322) with mobile phase A: 68 mM sodium phosphate pH 6.8  and 

mobile phase B: 70%v/v acetonitrile, 30%v/v propan-2-ol.  

 

• Flow rate 1 mL/min throughout, at ambient temperature (25 +/-1°C). 

 

• For the primary calibrant PS01, dilutions of 200, 100, 50 and 25 µg per ml are prepared.  

 

• For the ampouled preparations, diluting the contents in 200 µl of water and loading 50 µl 

onto the column provides sufficient material for assay. 

 

• Shallow gradient around 27% B is used, adjusted to provide a main peak between 20 and 

25 minutes (this time will vary, depending upon the column used), ensuring that related 

proteins are well separated from the benzyl alcohol and other excipients.  [Note that 

residual benzyl alcohol from the formulated starting material will give a peak 
several minutes before the IGF-I peak – see examples below]. 

 

• The gradient is then increased to remove any aggregates or more hydrophobic 

components, then re-equilibrated before the next injection. 

 

• Absorbance is monitored with a Gilson UVvis 155 dual wavelength detector at 

214 nm (276nm is also monitored). 

 

• Ampoule content is determined from the ratio of appropriate peak areas (sample area: 

PS01 area) or by linear regression analysis. 

 

• Accelerated thermal degradation products occur at retention times before the main peak. 

 

• Carry out duplicate runs for each ampoule. 
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PS01 

 
 

02/254 
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APPENDIX 3: IFU/MSDS 

 

 

 

INSTRUCTIONS FOR USE 

Proposed 1
st
 WHO INTERNATIONAL STANDARD FOR INSULIN-LIKE GROWTH 

FACTOR-I 

HUMAN, RECOMBINANT 

NIBSC CODE 02/254  

Instructions for Use (June 2008, second version) 
This material is not for in vitro diagnostic use 

 

 

1. INTRODUCTION 
 

Insulin-like growth factor-I (IGF-I) is a 7.5 kD single-chain polypeptide with both 

proliferative and metabolic activities.  Measurement of IGF-I by immunoassay has 

become widely established in diagnosis of growth axis pathologies.  A preparation of 

E. coli-derived recombinant IGF-I, coded 02/054, has been ampouled and has been 

evaluated for its suitability to serve as an International Standard for immunoassay. 

 

2. CONTENTS 

 
Each ampoule contains the residue after freeze-drying of 1ml of a solution that 

contained: 

 

10 mg/ml trehalose 

20 mM sodium phosphate pH 7.0 

Recombinant IGF-I 

 

3. UNITAGE 

 

An assigned content of 8.5 µg IGF-I per ampoule (expanded uncertainty 0.875 to 

0.915). 

 

4. CAUTION 

 
THIS PREPARATION IS NOT FOR ADMINISTRATION TO HUMANS. 

 

The preparation does not contain material of human origin. 

 

As with all materials of biological origin, this preparation should be regarded as 

potentially hazardous to health.  It should be used and discarded according to your 

own laboratory's safety procedures.  Such safety procedures probably will include the 
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wearing of protective gloves and avoiding the generation of aerosols.  Care should be 

exercised in opening ampoules or vials, to avoid cuts. 

 

5. DIRECTIONS FOR OPENING THE DIN AMPOULE 
 

DIN ampoules have an ‘easy-open’ coloured stress point, where the narrow ampoule 

stem joins the wider ampoule body. 

  

Tap the ampoule gently to collect the material at the bottom (labelled) end. Ensure 

that the disposable ampoule safety breaker provided is pushed down on the stem of 

the ampoule and against the shoulder of the ampoule body. Hold the body of the 

ampoule in one hand and the disposable ampoule breaker covering the ampoule stem 

between the thumb and first finger of the other hand. Apply a bending force to open 

the ampoule at the coloured stress point, primarily using the hand holding the plastic 

collar.  

 

Care should be taken to avoid cuts and projectile glass fragments that might enter the 

eyes, for example, by the use of suitable gloves and an eye shield. Take care that no 

material is lost from the ampoule and no glass falls into the ampoule. Within the 

ampoule is dry nitrogen gas at slightly less than atmospheric pressure. A new 

disposable ampoule breaker is provided with each DIN ampoule.  

 

6. USE OF AMPOULED MATERIAL 
 

For practical purposes each ampoule contains the same quantity of IGF-I.  The entire 

content of each ampoule should be completely dissolved in an accurately measured 

amount of buffer solution.              No attempt should be made to weigh out portions of 

the freeze-dried powder.  The use of water to reconstitute ampoule contents is not 

recommended. The material has not been sterilized and the ampoules contain no 

bacteriostat. 

 

7. STABILITY  
 

Materials should be stored on receipt as indicated on the label. The candidate 

preparation 02/254 appears to be sufficiently stable to serve as an international 

standard since the predicted yearly loss of IGF-1 content at -20°C is 0.08% and the 

predicted yearly loss of IGF-1 content at 37°C is 5.9% based on the thermally 

accelerated degradation samples assayed by HPLC. These results indicate that 02/254 

is likely to be highly stable under long term storage conditions at -20°C. 

 

8. PREPARATION OF AMPOULES 
 

Bulk material 

Highly purified rDNA-derived IGF-I, expressed in E. coli, was kindly donated to 

WHO by Genentech, Inc., 1, DNA Way, South San Francisco, CA 94080-4990, USA.  

 

Distribution into ampoules 

The preparation was received as a frozen liquid (nominal 10.0 mg/ml), 2.05 ml of 

which were made up to 2050 ml with 10 mg/ml trehalose in 20 mM sodium  
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phosphate, pH 7.0 to a final concentration of 10µg IGF-I/ml.  This solution was 

distributed into ampoules  

 

 

as 1ml aliquots, which were lyophilised and sealed according to procedures described 

by WHO for International Biological Standards (1) and stored at -20°C in the dark. 

 

9. CITATION 

 
In all publications (or data sheets for immunoassay kits) in which this preparation is 

used as an assay calibrant, it is important that the title of the preparation, ampoule 

code and the name and address of NIBSC are cited and cited correctly. 

 

10. PRODUCT LIABILITY 

 

Information emanating from NIBSC is given after the exercise of all reasonable care 

and skill in its compilation, preparation and issue, but is provided without liability in 

its application and use.   

 

This product is intended for use as a standard or reference material in laboratory work 

in relation to biological research, manufacturing or quality control testing of 

biological products or in the field of in vitro diagnostics.  It is the responsibility of the 

user to ensure that he/she has the necessary technical skills to determine the 

appropriateness of this product for the proposed application.  Results obtained from 

this product are likely to be dependent on conditions of use and the variability of 

materials beyond the control of NIBSC. 

 

NIBSC accepts no liability whatsoever for any loss or damage arising from the use of 

this product, whether loss of profits, or indirect or consequential loss or otherwise, 

including, but not limited to, personal injury other than as caused by the negligence of 

NIBSC.  In particular, NIBSC accepts no liability whatsoever for:- 

 

  (i)   results obtained from this product; and/or 

  (ii)  non-delivery of goods or for damages in transit. 

 

In the event of any replacement of goods following loss or damage a customer 

accepts as a condition of receipt of a replacement product, acceptance of the fact that 

the replacement is not to be construed as an admission of liability on NIBSC's behalf. 

 

11. REFERENCES 
 

1. WHO Technical Report Series No.800, 1990;  181-214 
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12. MATERIAL SAFETY SHEET   

 

NIBSC Code 02/254,  Insulin-like growth factor-I, recombinant, human.  

(Version 12 June 2008, Second Version) 

 

Physical properties (at room temperature) 

Physical appearance   Freeze dried powder 

Fire hazard   None 

Chemical properties 

Stable   Yes Corrosive:  No 

Hygroscopic  No Oxidising:  No 

Flammable  No Irritant:                        No 

Other (specify) Can react with oxidising materials.  Avoid contact with acids and 

alkalis 

Handling:             See caution, section 4 

Toxicological properties 

Effects of inhalation:   Not established, avoid inhalation 

Effects of ingestion:   Not established, avoid ingestion 

Effects of skin absorption:  Not established, avoid contact with skin 

Suggested First Aid 

Inhalation             Seek medical advice 

Ingestion             Seek medical advice 

Contact with eyes        Wash with copious amounts of water. Seek medical advice. 

Contact with skin         Wash thoroughly with water. 

Action on Spillage and Method of Disposal 

Spillage of ampoule contents should be taken up with absorbent material wetted with a 

viricidal agent. Rinse area with a viricidal agent followed by water. 

 

Absorbent materials used to treat spillage should be treated as biologically hazardous 

waste.  

 


