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Summary 

The World Health Organization (WHO) Expert Committee on Biological Standardization (ECBS) 
has recognized (2009) the need for a replacement International Standard for Follicle-stimulating 
hormone (FSH) for the assignment of potency to therapeutic preparations of recombinant human 
FSH used in the treatment of infertility.   
 
We report here the characterization of a candidate standard for FSH in an International 
Collaborative Study carried out by fourteen laboratories in ten countries, and a comparison by 
bioassay with the existing International Standard coded 92/642. 
 
The mean estimate of the FSH content of the candidate standard, coded 08/282, is 126.0 IU per 
ampoule (95% confidence limits 118.7 – 133.7) and it is proposed that it be established as the 
Second International Standard for Follicle-Stimulating Hormone, human, recombinant for 
bioassay, with an assigned content of 126 IU per ampoule. 
 
The results of this study also indicate that the candidate standard appears sufficiently stable, on the 
basis of a thermally accelerated degradation study, to serve as an international standard. 
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Introduction 

Follicle-stimulating hormone (FSH) is a glycoprotein hormone produced in the anterior pituitary 
gland which plays a major role in the regulation of reproductive processes and pubertal 
maturation. Human FSH, initially of urinary origin, but now more commonly made by 
recombinant technology, has been widely used as a therapeutic product in the treatment of 
fertility disorders. The first International Standard (IS) for recombinant human FSH (rhFSH) in 
ampoules coded 92/642 was established in 1995 and has been widely used for the calibration of 

preparations of recombinant DNA-derived human FSH by bioassay. The global requirement for 
such a standard is evidenced by the increasing number of manufacturers involved in the 
production of therapeutic rhFSH. Stocks of the 1st IS are almost exhausted and there is an urgent 
requirement to replace the standard. A new preparation of rhFSH has been filled into ampoules 
(NIBSC Code 08/282), following procedures recommended by WHO (1) and an international 
collaborative study has been organised with expert laboratories to aid in the value assignment of 
the proposed 2nd International Standard. 
 
The aims of this study were therefore: 
 
1) To calibrate the candidate standard 08/282 relative to the 1st IS for rhFSH (92/642) by in vivo 
and in vitro bioassay. 
2) To assess the suitability of the candidate preparation 08/282 to serve as the 2nd International 
Standard for the calibration of therapeutic FSH products by bioassay. 
3) To determine the stability of the preparation 08/282 by comparison with ampoules stored at 
elevated temperatures as part of an accelerated degradation stability study. 
 

 

Participants 

Fourteen laboratories in ten 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. 

Dr. Kevin Grant, Department of Health and Ageing, Therapeutic Goods Administration, P.O. 
Box 100 Woden, ACT 2606, AUSTRALIA. 
Dr. Sergio Luiz Dalmora, Department of Industrial Pharmacy, Federal University of Santa Maria, 
97.105-900.Santa Maria, RS, BRAZIL. 
Dr Paolo Bartolini and Dr Maria Teresa C.P. Ribela, IPEN-CNEN, Universidade de São Paulo, 
Av. Lineu Prestes, 2262 - Cidade Universitária, 05508-000, São Paulo, BRAZIL 
Dr. Jan Rohde, Minapharm Pharmaceuticals, El-Bardissi Street, 2T Takseem Assmaa Fahmy 
Street, Heliopolis, Cairo, EGYPT. 
Dr. Christophe Giese, ProBioGen AG, Goethestrasse.54, 13086 Berlin, GERMANY. 
Dr. J. Leuschner, LPT Laboratory of Pharmacology and Toxicology GmbH & Co. KG, 
Redderweg 8, 21147 Hamburg, GERMANY. 
Dr. Alexander Knorre, BSL BIOSERVICE Scientific Laboratories GmbH, Behringstrasse 6/8 
82152 Planegg/Munich, GERMANY. 
Dr. Gundel Hager and Dr. Marta Leis, Aurigon Life Science GmbH, Bahnhofstrasse 9-15, D-82327, 
Tutzing, GERMANY. 
Dr. A. Trimble and Dr. B. Carolan, Charles River Laboratories Preclinical Services Ireland Ltd, 
Ballina, Co.Mayo, IRELAND. 
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Dr. Ilana Cohen, Insight Ltd, 12 Hamada St. Rehevot 76121, ISRAEL. 
Dr. Francesco Antonetti and Dr. Cinzia Ciampolillo, Merck Serono Ivrea – RBM S.p.A, Via 
Ribes 1, 10010 Colleretto Giacosa, ITALY. 
Dr De-ming Qian, NICPBP, 2 Tiantan Xili, Beijing 100050, P.R. CHINA 
Dr. Marga Peters-Schout and Prof. Dr. Edwin van den Heuvel, Schering Plough, Kloosterstraat 6, 
5349 AB Oss, THE NETHERLANDS. 
Mr Richard Tiplady, NIBSC, Biotherapeutics, Blanche Lane, South Mimms, Potters Bar, EN6 
3QG, UK 
 

 

Materials 

Bulk materials and preparation of ampoules of follicle-stimulating hormone. 

A bulk preparation of rhFSH, generated from a mammalian cell expression system, was 
generously donated to the WHO by Merck Serono, the pharmaceutical division of Merck KGaA, 
Darmstadt (Germany), as a frozen solution and was tested and found to be negative for HBsAg, 
anti-HIV, anti-HCV and HCV NAT. 49.168g of the material was formulated with 0.2% (w/v) 
human plasma albumin (also tested and found to be negative for HBsAg, anti-HIV, anti-HCV 
and HCV NAT), mannitol (1% w/v) and sodium chloride (15.4 mM) and 1.0 ml was dispensed 
into glass ampoules (nominally 10 µg). Ampoules containing rhFSH were lyophilised and sealed 
under nitrogen according to procedures described by WHO (1) and stored at -20°C in the dark at 
NIBSC.  A final total of 5000 ampoules, each coded 08/282, were obtained on 19th March 2009, 
with a mean oxygen content of 0.33% (CV 37.6%)  assessed by non-invasive spectroscopy, a mean 
fill weight of 1.007g (CV 0.20%), a mean dry weight of 0.015g (CV 8.29%) and a residual 
moisture content of 0.28% (CV 25.02%) assessed by coulometric Karl Fischer. 
 
The materials for this study, which may be identified only by code letter, are listed in Table 2. 
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 2: Preparations supplied to participants in collaborative study.  
 

Ampoule Code FSH Preparation Ampoule unitage and nominal 

content 

Not coded rhFSH 1st International Standard 
(92/642) 

138 IU per ampoule 
 

J Candidate 2nd International 
standard (08/282) stored at -20ºC. 

Nominally 10µg (assumed to be 
approx 140IU) 

N, L, M and K Accelerated thermal degradation 
(ATD) samples of 08/282 stored 
at +4°C, +20°C, +37°C and 
+45°C for 6 months 
 

Content assumed identical to 
08/282 stored at -20ºC 
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Design of the study and assay methods contributed 

Bioassay of candidate standard 08/282. 

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, each assay to include all 
of the preparations allocated. 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 included 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. In the fourteen laboratories contributing data 
to the study, twelve contributed in vivo assays, two contributed in vitro assays and a single 
laboratory contributed high performance liquid chromatography analyses. 
 
Table 3   Assay methods used. 
 

Lab No. Assay type Comments 

1 In vivo 
bioassay 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 
 

2 In vivo 
bioassay 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 
 

3 RP-HPLC 
 
 
 
HPSEC* 
 

C4- Grace Vydac 214 TP 54 column (25 cm X 4.6 mm I.D., pore 
diameter of 300 Å and particle diameter of 5 µm) with method as 
described previously (2). 
 
Tosohaas  G2000 SW column (60 cm x 7.5 mm I.D., particle size 
of 10 µm and pore size of 125 Å). 
 

4 In vivo 
bioassay 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 
 

5 
 

In vivo 
bioassay 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 
 

6 In vivo 
bioassay 
 

Augmentation of ovary weight in immature female rats as per 
British Pharmacopoeia menotrophin monograph 
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7 In vitro 

bioassay 
Progesterone synthesis in KGN cell line as described previously 
(3) 

8 
 

In vivo 
bioassay 
 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 

9 
 

In vivo 
bioassay 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 
 

10 In vivo 
bioassay 
 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 

11 In vivo 
bioassay 
 
In vitro 
bioassay 

a) Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 
 
b) in-house FSH in vitro bioassay. 
 
 

12 In vivo 
bioassay 
 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 

13 In vivo 
bioassay 
 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 

14 In vivo 
bioassay 
 

Augmentation of ovary weight in immature female rats as per 
European Pharmacopoeia 

*coupled to a 7.5cm x 7.5mm I.D. SW guard column. The mobile phase utilized in this case was 
0.15M NaCl, 0.02M sodium phosphate, pH 7.0, at a flow rate of 1.0 mL/min.  
 

Statistical analysis 

An independent statistical analysis of in vivo bioassay data was performed at NIBSC. Potency 
estimates for 08/282 and the accelerated thermal degradation samples were calculated relative to 
IS 92/642 by fitting a parallel-line model comparing assay response to log concentration (4). 
Assay validity was assessed by analysis of variance with non-linearity and non-parallelism 
considered significant at the 5% level (p<0.05). For all laboratories, analysis was performed 
using animal organ weight as assay response. In assays where animal body weights were 
available, analysis was also performed using (organ weight / body weight) and log10(organ 
weight / body weight) as assay response. The results from all different analysis approaches are 
shown in this report. An in-house program (5) was used determine any outlier responses and 
assess homogeneity of variance across treatment groups. Any outliers were omitted from 
calculation of relative potency. 
 
For in vitro bioassays by laboratories 7 and 11b, relative potency estimates have been calculated 
directly from the results reported by the laboratories. A single laboratory (laboratory 3) 
performed reversed-phase high performance liquid-chromatography (RP-HPLC) analyses on the 
candidate standard and estimates of the ampoule content of the candidate standard (µg per 
ampoule) have been reported, as calculated by this laboratory, in terms of an in-house reference 
preparation. This laboratory also performed high performance size exclusion chromatography 
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(HPSEC) analyses but were unable to obtain data because of interference from the human serum 
albumin used as an excipient in the formulation of ampoules of the candidate standard.  
 
Where potency estimates within individual laboratories were homogeneous, a weighted 
geometric mean has been calculated for the laboratory mean.  Where estimates were significantly 
heterogeneous (p<0.05) an unweighted geometric mean was calculated for the laboratory mean. 
Overall means were calculated as the unweighted geometric mean of laboratory means. 
Variability between laboratories has been expressed using geometric coefficients of variation 
(GCV = {10s-1}×100% where s is the standard deviation of the log-transformed potency 
estimates). 

 

Results 

Data returned for analysis 

Data were contributed by fourteen laboratories. A total of 40 in vivo and 6 in vitro bioassays 
were performed. A single laboratory performed RP-HPLC analyses. Mean potency estimates for 
08/282 are summarised in Tables 4-6 and Figure 1. Results from individual assays are given in 
Appendix 1 in Tables A1.1-A1.5. 
 
Assay validity 

The majority of assays allowed statistically valid estimates of relative potency to be calculated, 
although some samples were excluded from further analysis due to significant non-linearity or 
non-parallelism. These are clearly indicated in the tables of results. Significant heterogeneity of 
variance (p<0.05 in Bartlett’s test) was found in 21/40 assays (52.5%) when using organ weight 
as assay response, in 18/30 assays (60.0%) when using (organ weight / body weight) as assay 
response and 8/30 assays (26.7%) when using log10(organ weight / body weight) as assay 
response suggesting that this response provides better agreement with the variance homogeneity 
required for parallel-line analysis, although it was not possible to use this assay response in all 
laboratories as body weight data were not available. Significant non-parallelism tested after 
exclusion of any non-linear samples was found only in assay 2 by laboratory 5, using any of the 
different assay responses. 
 

Potency of 08/282 calculated relative to IS 92/642 

The geometric mean potency calculated from all laboratories using organ weight as assay 
response (Table 4) was 126.0 IU per ampoule (n=14; 95% confidence limits 118.7 – 133.7; GCV 
10.8%). For in vivo bioassays only, the mean was 126.6 IU per ampoule (n=12; 95% confidence 
limits 118.8 - 134.9; GCV 10.5%). The geometric mean potencies calculated using alternative 
assay responses (Tables 5 & 6) were in agreement with these values. Using (organ weight / body 
weight) as assay response the mean was 124.8 IU per ampoule (125.2 for in vivo bioassays only) 
and using log10(organ weight / body weight) as assay response the mean was 126.5 IU per 
ampoule (127.5 for in vivo bioassays only). For the single laboratory that performed RP-HPLC 
analyses (Table A1.5), the mean estimate of the ampoule content of 92/642 was 10.75 
µg/ampoule (n=6, CV= 4.1%) and the mean estimate of the ampoule content of the candidate 
standard stored at -20oC was 8.59 µg/ampoule (n=6, CV= 4.8%) in terms of an in-house 
calibrated reference preparation. The ampoule content of the candidate standard relative to 
92/642 was therefore some 20% lower. Assuming these preparations contained similar materials 
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this would suggest a potency of 110IU per ampoule (based on an assigned potency of 138IU per 
ampoule for 92/642) which is within the range of estimates from in vivo assays. 
 

Stability of 08/282 

Estimates of the potency of ampoules stored at elevated temperatures for a period of 6 months 
are summarized in Tables 4-6 and A1.1-1.5. The results obtained for these samples did not show 
a consistent decrease in potency with increasing storage temperature and do not allow a 
predicted loss in potency to be calculated. The mean potency obtained at the highest storage 
temperature (45°C, tested in seven laboratories) does not differ significantly to that obtained for 
ampoules stored at -20°C. This is supported by data obtained from RP-HPLC analyses where 
estimates of the content of ampoules stored at elevated temperatures did not show a consistent 
decrease with increasing storage temperatures.  
 
 

Conclusions and recommendations 

Separate international standards for FSH from pituitaries and post-menopausal urine have been 
available since the 1960s. However, based on the fact that gonadotrophins of pituitary, urinary 
and recombinant DNA-derived origin are significantly different from one another to warrant 
separate standards, the development and therapeutic use of rhFSH led to a review of the 
international standards for FSH. In 1995 a collaborative study was organised to calibrate a 
preparation of rhFSH (coded 92/642) for the purpose of establishing the first IS for the 
assignment of potency to therapeutic preparations of rhFSH (6). This standard has been widely 
used in bioassays for the statutory determination of the FSH potency of manufacturer’s drug 
product and as a result, stocks of this standard are almost exhausted. This report describes a 
collaborative study to establish a replacement IS. The 1st IS consisted of a donation of rhFSH 
from a manufacturer and this approach has been repeated for the proposed 2nd IS. 
 
As expected for very similar materials, analysis of the fitted slopes for the dose-response of the 
candidate standard 08/282 (samples coded J) and the 1st IS 92/642 allowed statistically valid 
estimates of relative potency to be calculated from all laboratories, demonstrating the 
requirement of a replacement international standard in terms of parallelism of assay response 
with the existing IS. Using organ weights as the assay response for in vivo assays, the geometric 
mean potency for the candidate standard was 126.0 IU per ampoule (n=14; 95% confidence 
limits 118.7 – 133.7; GCV 10.8%) when assessed by both in vivo and in vitro bioassays. For in 

vivo bioassays only, the mean was not significantly different and was 126.6 IU per ampoule 
(n=12; 95% confidence limits 118.8 - 134.9; GCV 10.5%). Analysis of the geometric mean 
potencies obtained using the alternative assay responses of organ weight / body weight or log10 

(organ weight / body weight) were in agreement with these values and although the latter 
response demonstrated the lowest heterogeneity of variance it did not permit data from all 
laboratories to be included in the final mean potency estimate.  
 
The candidate preparation 08/282 appears to be sufficiently stable to serve as an international 
standard since no consistent loss of activity was detected in any of the thermally accelerated 
degradation samples assayed in this study using any of the methods reported. Although these 
results indicate that 08/282 is likely to be highly stable under long terms storage conditions at -
20°C, it is noted that because of the short duration of this study and the lack of detectable 
degradation, it is impossible to predict the degradation rate of the proposed standard. As a result, it 
will be a future requirement to complete the assessment of FSH stability in the residual ampoules 
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that have remained stored at elevated temperatures. This assessment will take place after these 
ampoules have been stored at elevated temperatures for18 months. 
 
Proposal 

With the agreement of all participants, it is recommended that the preparation in ampoules (4800 
in total) coded 08/282 be established as the Second IS for Follicle-stimulating Hormone, human, 
recombinant for bioassay, with an assigned content of 126 IU per ampoule. 
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Table 4.  Laboratory mean potency estimates (IU per ampoule) calculated 

relative to 92/642 (organ weights used as assay response for in vivo assays) 
 

Lab J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
1 123.2 120.6 . 119.4 110.5 
2 121.1 (3.6%#) . . . . 
4 122.7 82.7 120.9 99.1 121.5 
5 145.5 . 187.0 . 110.1 
6 135.8 . 102.8 . 140.4 
8 105.0 . . 98.8 . 
9 138.3 (10.0%) . . . . 
10 142.5 . . . . 
11a 121.1 (4.2%) . 121.5 120.0 (6.2%) 114.0 
12 135.5 (6.2%) . 131.4 (7.2%) 136.0 (2.5%) . 
13 110.6 (15.7%) . 110.8 114.7 . 
14 124.5 (1.5%) . . . . 
7 137.1 . 111.2 65.5 128.3 

11b 109.4 (3.1%) . 111.9 104.5 103.3 
GM 126.0 99.9 122.6 105.2 117.7 

95% CI 118.7 - 133.7 . 105.0 - 143.3 87.5 - 126.4 106.8 - 129.7 
GCV 10.8% . 20.5% 24.6% 11.1% 

n 14 2 8 8 7 
GM* 126.6 99.9 126.6 113.9 118.8 

95% CI 118.8 - 134.9 . 101.6 - 157.6 100.1 - 129.7 104.7 - 134.7 
GCV 10.5% . 23.2% 13.1% 10.7% 

n 12 2 6 6 5 
*in vivo assays only 
#
between-assay GCV, shown where ≥3 independent assays were performed 
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Table 5.  Laboratory mean potency estimates (IU per ampoule) calculated 

relative to 92/642 (organ weight / body weight used as assay response for in 

vivo assays) 

 

Lab J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
1 122.7 111.7 135.6 122.1 110.6 
2 118.8 (4.7%#) . . . . 
4 120.0 84.4 116.7 96.8 117.8 
5 152.7 . 145.2 . 114.9 
6 141.0 . 104.1 . 150.0 
8 111.9 . . 105.0 . 
9 136.3 (9.6%) . . . . 
10 119.3 . . . . 
11a 123.6 . 123.1 124.1 121.9 
12      
13 112.1 (15.8%) . 116.1 115.7 . 
14      
7 137.1 . 111.2 65.5 128.3 

11b 109.4 (3.1%) . 111.9 104.5 103.3 
GM 124.8 97.1 119.8 102.9 120.2 

95% CI 116.8 - 133.3 . 109.3 - 131.4 84.0 - 125.9 107.6 - 134.3 
GCV 11.0% . 11.6% 24.4% 12.7% 

n 12 2 8 7 7 
GM* 125.2 97.1 122.7 112.2 122.3 

95% CI 116.5 - 134.7 . 108.3 - 139.1 98.5 - 127.9 105.4 - 141.9 
GCV 10.7% . 12.7% 11.1% 12.7% 

n 10 2 6 5 5 
*in vivo assays only 
#
between-assay GCV, shown where ≥3 independent assays were performed 
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Table 6.  Laboratory mean potency estimates (IU per ampoule) calculated 

relative to 92/642 (log10{organ weight / body weight} used as assay response 

for in vivo assays) 

 

Lab J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
1 123.8 111.5 133.9 123.4 107.7 
2 121.9 (3.6%#) . . . . 
4 120.0 85.3 117.1 98.5 118.1 
5 153.4 . 116.3 . 114.0 
6 135.8 (14.5%) . 105.6 . 149.2 
8 114.4 . . 108.9 . 
9 151.4 . . . . 
10 . . . . . 
11a 119.1 . 114.5 . 119.2 
12      
13 114.1 (5.4%) . 115.1 123.1 . 
14      
7 137.1 . 111.2 65.5 128.3 

11b 109.4 (3.1%) . 111.9 104.5 103.3 
GM 126.5 97.5 115.5 101.8 119.2 

95% CI 117.2 - 136.7 . 109.1 - 122.2 79.7 - 130.2 106.5 - 133.4 
GCV 12.1% . 7.1% 26.4% 12.9% 

n 11 2 8 6 7 
GM* 127.5 97.5 116.8 113.0 120.9 

95% CI 116.8 - 139.1 . 107.8 - 126.6 95.1 - 134.3 103.6 - 141.0 
GCV 12.0% . 8.0% 11.5% 13.2% 

n 9 2 6 4 5 
*in vivo assays only 
#
between-assay GCV, shown where ≥3 independent assays were performed 
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Figure 1.  Potency estimates (IU per ampoule) for 08/282 calculated relative to 

92/642 (organ weights used as assay response for in vivo assays) 
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Appendix 1: Individual assay results 

Table A1.1. Potency estimates (IU per ampoule) calculated relative to 92/642 

for in vivo assays (organ weights used as assay response) 
 

Lab Assay J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
1 1 119.5 126.4 NL 117.5 . 
 2 . 110.6 . . . 
 3 . . . 121.1 114.3 
 4 124.1, 125.5 . . . 102.2, 115.4 

2 1 123.2 . . . . 
 2 126.2 . . . . 
 3 124.6 . . . . 
 4 116.5 . . . . 

4 1 118.3 78.3 114.9 97.5 118.1 
 2 126.9 86.9 126.8 100.6 124.8 

5 1 145.5 . NL . 76.0 
 2 NP . 187.0 . 159.5 

6 1 NL (S) . . . . 
 2 130.6 . 102.8 . 140.4 
 3 143.7 . . . . 

8 1 112.5 . . 86.5 . 
 2 99.6 . . 106.3 . 

9 1 149.7 . . . . 
 2 123.8 . . . . 
 3 134.3 . . . . 

10 1 142.5 . . . . 
11a 1 NL . 118.0 . . 

 2 121.2 . . 124.5 . 
 3 116.0 . . 111.5 110.2 
 4 121.4 . 123.1 122.9 . 
 5 NL (S) . NL (S) . NL (S) 
 6 128.4 . . . 119.7 

12 1 141.7 . 141.1 139.0 . 
 2 135.9 . 124.2 135.3 . 
 3 125.9 . 126.3 132.4 . 

13 1 141.4 . . . . 
 2 NL (S) . . . . 
 3 101.1 . . 112.3 . 
 4 112.7 . 110.8 . . 
 5 107.7 . . 118.6 . 
 6 NL (S) . . . NL (S) 

14 1 122.8 . . . . 
 2 NL (S) . . . . 
 3 126.5 . . . . 
 4 125.4 . . . . 

NL denotes non-linearity; NL(S) denotes non-linearity of IS 92/642; NP denotes non-parallelism 
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Table A1.2. Potency estimates (IU per ampoule) calculated relative to 92/642 

for in vivo assays (organ weight / body weight used as assay response) 
 

Lab Assay J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
1 1 112.6 120.7 135.6 125.5 . 
 2 . 99.5 . . . 
 3 . . . 118.4 113.5 
 4 125.8, 130.2 . . . 103.0, 115.6 

2 1 124.7 . . . . 
 2 NL (S) . . . . 
 3 123.2 . . . . 
 4 114.6 . . . . 

4 1 118.1 81.7 116.5 95.7 116.1 
 2 121.8 86.9 116.9 97.9 119.3 

5 1 152.7 . 115.5 . 80.3 
 2 NP . 182.5 . 164.5 

6 1 NL (S) . . . . 
 2 143.6 . 104.1 . 150.0 
 3 136.2 . . . . 

8 1 107.5 . . 81.5 . 
 2 113.8 . . 114.2 . 

9 1 147.5 . . . . 
 2 122.7 . . . . 
 3 134.0 . . . . 

10 1 119.3 . . . . 
11a 1      

 2      
 3      
 4 120.5 . 123.1 124.1 . 
 5 NL (S) . NL (S) . NL (S) 
 6 130.5 . . . 121.9 

12 1      
 2      
 3      

13 1 143.7 . . . . 
 2 NL (S) . . . . 
 3 102.4 . . 112.9 . 
 4 109.6 . 116.1 . . 
 5 115.0 . . 120.1 . 
 6 NL (S) . . . NL (S) 

14 1      
 2      
 3      
 4      

NL denotes non-linearity; NL(S) denotes non-linearity of IS 92/642; NP denotes non-parallelism 
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Table A1.3. Potency estimates (IU per ampoule) calculated relative to 92/642 

for in vivo assays (log{organ weight / body weight} used as assay response) 

Lab Assay J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
1 1 109.4 120.6 133.9 123.4  
 2  98.7    
 3    NL 110.0 
 4 126.9, 135.7    98.3, 114.9 

2 1 124.1     
 2 123.8     
 3 127.0     
 4 116.8     

4 1 116.9 82.9 116.3 96.7 115.8 
 2 122.9 87.5 117.8 100.1 120.2 

5 1 153.4  117.9  78.0 
 2 NP  178.0  166.5 

6 1 115.7     
 2 150.0  105.6  149.2 
 3 140.8     

8 1 113.4   82.4  
 2 114.8   117.5  

9 1 151.4     
 2 NL     
 3 NL (S)     

10 1 NL (S)     
11a 1      

 2      
 3      
 4 NL (S) . NL (S) . NL (S) 
 5 115.7  114.5  119.4 
 6 124.2    118.9 

12 1      
 2      
 3      

13 1 122.7     
 2 118.1     
 3 108.7   121.7  
 4 NL  115.1   
 5 120.1   126.4  
 6 NL (S) . . . NL (S) 

14 1      
 2      
 3      
 4      

NL denotes non-linearity; NL(S) denotes non-linearity of IS 92/642; NP denotes non-parallelism 
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Table A1.4. Potency estimates (IU per ampoule) calculated relative to 92/642 

from in vitro assays 
 

Lab Assay J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
7 1 149.0 . 86.5 76.6 128.3 
 2 . . 143.0 56.0 . 
 3 126.1 . . . . 

11b 1 105.6 . . . 103.3 
 2 110.9 . 111.9 . . 
 3 111.8 . . 104.5 . 

 

 

Table A1.5. Estimates of rFSH content (µg per ampoule) calculated relative to 

an in-house calibrated reference preparation using RP-HPLC assays 
 

Lab Assay 92/642 J (-20°C) N (4°C) L (20°C) M (37°C) K(45°C) 
3 1 11.34 8.73 9.01 8.92 9.05 8.67 
 2 10.96 9.19 8.86 8.77 8.76 8.60 
 3 10.57 8.11 8.89 8.82 8.62 8.51 
 4 10.39 8.74 8.44 8.41 8.41 8.38 
 5 11.06 8.65 8.69 8.39 8.64 8.33 
 6 10.18 8.12 8.22 8.07 7.92 8.12 

Mean 10.75 8.59 8.69 8.56 8.57 8.44 
CV(%) 4.1 4.8 3.4 3.9 4.4 2.4 
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Appendix 2: Study protocol 
 
 
PROPOSED INTERNATIONAL COLLABORATIVE STUDY TO ESTABLISH THE 2

nd
 

WHO INTERNATIONAL STANDARD FOR FOLLICLE STIMULATING HORMONE, 

HUMAN, RECOMBINANT FOR BIOASSAY 

 

 

INTRODUCTION 
Follicle-stimulating hormone (FSH) is a glycoprotein hormone produced in the anterior pituitary 
gland which plays a major role in the regulation of reproductive processes and pubertal 
maturation. Human FSH, initially of urinary origin, but now more commonly made by 
recombinant technology, has been widely used as a therapeutic product in the treatment of 
fertility disorders.  
The first International Standard (IS) for human recombinant Follicle Stimulating Hormone 
(rhFSH) in ampoules coded 92/642 was established in 1995 and has been widely used for the 
calibration of preparations of recombinant DNA-derived human FSH by bioassay. Stocks of the 
1st IS are almost exhausted and there is an urgent requirement to replace the standard. 
 
A new preparation of recombinant FSH has been filled into ampoules (NIBSC Code 08/282), 
following procedures recommended by WHO (1). It is intended that an international 
collaborative study is organised with expert laboratories to aid in the value assignment of the 
proposed 2nd International Standard. 
 
The aims of this study are therefore: 
1) To calibrate the candidate standard 08/282 relative to the 1st IS for recombinant FSH (92/642) 
by in vivo and in vitro bioassay. 
 
2) To assess the suitability of the candidate preparation 08/282 to serve as the 2nd International 
Standard for the calibration of therapeutic FSH products by bioassay. 
 
3) To determine the stability of the preparation 08/282 by comparison with ampoules stored at 
elevated temperatures as part of an accelerated degradation stability study. 
 
MATERIALS 

 

Preparations supplied to participants in collaborative study. 
A bulk preparation of recombinant human FSH was generously donated to the WHO by Merck 
Serono, the pharmaceutical division of Merck KGaA, Darmstadt (Germany), as a frozen solution 
and was tested and found to be negative for HBsAg, anti-HIV, anti-HCV and HCV NAT. The material 
was formulated with human plasma albumin (0.2% w/v), mannitol (1% w/v) and sodium 
chloride (15.4 mM) and was dispensed (1 ml aliquots) into glass ampoules, lyophilised and 
sealed. 
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). 
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Table 1. 

 

FSH Preparation Ampoule content 

rhFSH 1st International Standard (92/642) 138 IU per ampoule 
 

Candidate 2nd International standard (08/282) 
stored at -20ºC 
 

Nominally 9.7µg (assumed to be approx 
140IU) 

Accelerated thermal degradation (ATD) 
samples of 08/282 stored at +4°C, +20°C, 
+37°C and +45°C 
 

Content assumed identical to 08/282 stored at 
-20ºC 
 

 
TESTS REQUESTED 
Participants are requested to carry out the assay method(s) normally in use in their laboratory, 
and where possible, to perform at least two independent assays, using fresh ampoules (not a 
stored aliquot) for each. Each assay should include all of the preparations allocated, at 

preferably no less than five dose levels in the linear part of the dose-response curve 
(although this may not be possible for some in vivo methods) in order to provide information on 
parallelism. In instances where there is not a fresh ampoule for subsequent assays, it is suggested 
that fresh dilutions are made from frozen stock solutions, and where this is the case, participants 
are requested to provide details of freeze-thaw steps.  
 
The ampoule contents of the test preparations are listed in Table 1. The candidate standard 
08/282 and its degradation samples will be coded, in random order by letter, in the final protocol. 
On receipt, ampoules should be stored at -20°C until use. It is recommended that the contents of 
each ampoule are reconstituted in appropriate assay diluent (e.g. PBS or saline, preferably with 
0.05 – 0.1% added protein to reduce adsorption) according to the protocol used. Appropriate 
dilutions should be made from this stock using assay diluent according to the assay protocol used. 
Participants are asked to provide details of the assay methods used, including detail of the 
dilution steps made and all raw assay data (in electronic excel spreadsheet 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. 
 
 
 
REFERENCES 

 
1. WHO Recommendations for the preparation, characterization and establishment of  
     international and other biological reference standards (revised 2004). In: WHO TRS, No. 932,  
     2006, Annex 2 
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For further information, please contact: 
 
 
 
Dr. Chris Burns 
National Institute for Biological Standards and Control 
Blanche Lane, South Mimms 
Potters Bar, Herts.  EN6 3QG 
UK 
Tel:  44 (0) 1707 641247 
Fax: 44 (0) 1707 641057 
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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Appendix 3: Draft Instructions for use. 

 

Proposed 2
nd

 International Standard for Follicle-Stimulating Hormone, 

human, recombinant, for bioassay. 

08/282 
Instructions for Use (June 2010, first version) 

This material is not for in vitro diagnostic use 

 
1. INTRODUCTION 
 
The first International Standard (IS) for recombinant human Follicle-Stimulating Hormone 
(rhFSH) in ampoules coded 92/642 was established in 1995 and has been widely used for the 
calibration of preparations of recombinant DNA-derived human FSH by bioassay. Stocks of the 
1st IS are almost exhausted and there is an urgent requirement to replace the standard. 
 
A new preparation of recombinant FSH has been filled into ampoules (NIBSC Code 08/282) and 
has been characterized by bioassay in an international collaborative study with expert 
laboratories to aid in the value assignment of the proposed 2nd International Standard. 
 
2. AMPOULE CONTENTS 
 
Each ampoule contains the freeze-dried residue of 1ml of a solution which contained human 
plasma albumin (0.2% w/v), mannitol (1% w/v), sodium chloride (15.4 mM), and recombinant 
human FSH. 
 
3. UNITAGE 
 
For the calibration of FSH bioassays the assigned content is 126 IU per ampoule. 
 
4. CAUTION 

 

THIS PREPARATION IS NOT FOR ADMINISTRATION TO HUMANS 
The preparation does not contain material of human origin. 
A safety data sheet is included in the last page of these instructions. 
 
5. USE OF AMPOULES 
 
No attempt should be made to weigh out any portion of the freeze-dried material prior to 
reconstitution. For practical purposes each ampoule contains the same quantity of FSH. The 
entire content of each ampoule should be completely dissolved in an accurately measured 
amount of diluent. No attempt should be made to weigh out portions of the freeze-dried powder. 
Suitable diluents are PBS, saline and most assay buffers. If the contents are to be diluted 
extensively, the addition of 0.05 – 0.1% protein (HSA or BSA) is recommended to minimise 
adsorption. The use of water to reconstitute ampoule contents is not recommended. The material 
has not been sterilized and the ampoules contain no bacteriostat. A fresh ampoule should be used 
for each assay as repeated freeze-thawing may lead to loss of potency, although if required, users 
should conduct their own investigations. 
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Suitable precautions should be taken in the use and disposal of the ampoule and its contents: see 
MATERIAL SAFETY SHEET. 
 
6. DIRECTIONS FOR OPENING AMPOULE 
 
Tap the ampoule gently to collect the material at the bottom (labeled) 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.  
 
7.  STABILITY 
 
It is the policy of WHO not to assign an expiry date to their international reference materials. 
They remain valid with the assigned potency and status until withdrawn or amended. Reference 
materials are held at NIBSC within assured, temperature-controlled storage facilities. Stability 
studies at elevated temperatures have shown that the material is suitably stable for shipment at 
ambient temperature without any effect on the assigned value. Reference Materials should be 
stored on receipt as indicated on the label. Once reconstituted, diluted or aliquoted, users should 
determine the stability of the material according to their own method of preparation, storage and 
use. NIBSC follows the policy of WHO with respect to its reference materials. Users who have 
data supporting any deterioration in the characteristics of any reference preparation are 
encouraged to contact NIBSC.  
 
8. CITATION 
 
In all publications (or data sheets for 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. 
 
9. PRODUCT LIABILITY 
 
9.1  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.  
 
9.2  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 the 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 :- 
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i)  results obtained from this product; and/or 
ii) non-delivery of goods or for damages in transit. 
 
9.3  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. 
 



WHO/BS/10.2140 

Page 24 
 
10. MATERIAL SAFETY SHEET 
 

Proposed 2
nd

 International Standard for Follicle-Stimulating Hormone, 

human, recombinant, for bioassay. 

08/282 
 

 
Physical Properties (at room temperature) 

 
Physical appearance            Freeze-dried powder 
 
Fire hazard                          None 

Chemical Properties 
 
Stable Yes 

 
Corrosive 

 
No 

 
Hygroscopic Yes 

 
Oxidising 

 
No 

 
Flammable  No 

 
Irritant 

 
No 

 
Other (specify)         
 
Handling:              See precautions in 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 material used to treat spillage should be treated as biologically hazardous 

waste. 
 

= = =  


