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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 of 

recombinant human parathyroid hormone 1-34 (rhPTH 1-34) in terms of which the 

content of therapeutic products can be expressed.    

 

We report here the characterization of a candidate standard for rhPTH 1-34 in an 

international collaborative study carried out by sixteen laboratories in ten countries, and 

its comparison with a primary calibrant characterized using amino acid analysis and UV 

spectroscopy, and with the existing NIBSC Research Reagent of PTH 1-34 coded 

82/508 by HPLC, bioassay and immunoassay.                         

 

Phase I of the study confirmed the primary calibrant as containing 1 mg rhPTH 1-34 

per vial.  Although there was some variability among laboratory estimates of PTH 1-

34 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 

04/200 with an assigned content of 0.89 mg per ampoule would be suitable to serve as 

a reference preparation for expression of the mass content of therapeutic products. 

 

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

biological and immunological activity and appears sufficiently stable on the basis of a 

thermally accelerated degradation study, and is thus suitable to serve as an international 

standard for bioassays of rhPTH 1-34.  

 

 

1. INTRODUCTION 

 

Human PTH 1-34 is the N-terminal, biologically active fragment of parathyroid 

hormone.  Recombinant hPTH 1-34 has now been widely approved as a treatment for 

osteoporosis with the advantage that, unlike other osteoporosis treatments that have 

an anti-resorptive mode of action, rhPTH 1-34 actually promotes an increase in bone 

formation that results in increased bone mineral density and a decrease in fracture 

incidence(1).   Although there have been NIBSC reference preparations of hPTH 1-34 

available for distribution to researchers for >25 years, there is currently no WHO 

international standard.  A new standard, which is calibrated in mass units, is now 

needed to allow monitoring of the therapeutic product.  This proposal was endorsed 

by the ECBS in November 2004. 

 

An international collaborative study was set up to establish the new standard in a two-

phase programme in which, firstly, a primary calibrant was to be value-assigned by 

amino acid analysis and U-V spectroscopy in mass units and then, secondly, this 

value would be used to calibrate the candidate standard by HPLC assay, with 



                 WHO/BS/07.2063  

                                                                                                                            Page 3 
confirmatory data from immunoassay and bioassay.  Accordingly, a proposed 

primary calibrant of recombinant hPTH 1-34 (rhPTH 1-34) (PRS0404) was filled 

unformulated into vials at 1 mg per vial by the manufacturer and shipped to NIBSC.  

Also a donation of rhPTH 1-34 from the same batch of material as used for the 

proposed primary calibrant was formulated and distributed into ampoules (Code No. 

04/200) at NIBSC as a candidate reference preparation (2). 

  

The aims of the study, therefore, were:  

Phase 1 - to assign a mass value to the primary calibrant PRS0404 by amino-acid 

analysis (AAA) and by U-V spectroscopy; 

Phase 2 ï following value-assignment of the primary calibrant, to calibrate the 

preparation, 04/200, in terms of the primary calibrant by HPLC; to obtain additional 

confirmatory data from immunoassay and bioassay as to its suitability to serve as a 

standard; to establish correlation with existing working standards for hPTH 1-34; to 

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

 

2. PARTICIPANTS 

 

Sixteen 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 Aída E Sterin Prync, Bio Sidus S.A., Constitución 4234, Buenos Aires 

(C1254ABX), ARGENTINA 

 

Dr Kevin Grant & Dr Chong Loh, TGA Laboratories, PO Box 100, Woden, ACT 

2606, AUSTRALIA 

 

Prof T. John Martin & Ms Patricia Ho, University of Melbourne, St Vincent's 

Institute of Medical Research, 9 Princes Street, Fitzroy 3065, Victoria, AUSTRALIA  

 

Prof Sergio Dalmora, Paulo Renato de Oliveira & Thiago Barth, Department of 

Industrial Pharmacy, Federal University of Santa Maria, 97.105-900-Santa Maria ï 

RS, BRAZIL 

 

Dr Michel Girard, Centre for Biologics Research, Banting Bldg, Tunneyôs Pasture, 

Ottawa, Ontario, CANADA 

 

Dr Huaxin Yang, Hui Zhang, Chenggang Liang & Haiming Liao, Division of 

Biochemical Drugs & Genetic Engineer Pharmaceutical, NICPBP, 2 Tiantan Xili, 

Beijing 100050, P.R.CHINA 

 

Ms Prabhavathy Munagala, INTAS Biopharmaceuticals Ltd, Dept of Bio-

characterization, R&D, Plot No. 423/P/A ï GIDC, Sarkhej Bavla Highway, Ta.-

Sanand, Moraiya 382 210, Ahmedabad, Gujurat, INDIA 
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Dr Yeowon Sohn & Gihyun Kim, Eunpyung gu Nokbundong 5, Recombinant 

Products, Korean Food & Drug Administration, R. of KOREA 

 

Dr T Wilhelmsen, Pharmaceutical Dept., Biological Section, Norwegian Medicines 

Agency, Sven Oftedals vei 6, NO-0950 Oslo, NORWAY 

 

Dr Carl Dolman & Mr R Tiplady, Biotherapeutics, National Institute of Biological 

Standards and Control, S Mimms, Potters Bar, Herts EN6 3DX, UK 

 

Dr John Fox, Alta Bioscience, University of Birmingham, Edgbaston, Birmingham 

B15 2TT, UK 

 

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

Court Road, Cambridge CB2 1GA, UK  

 

Dr Bassem Azizeh, Bachem California Inc, 3132, Kashiwa St., Torrance, CA 90505, 

USA 

 

Dr Jeffrey Lavigne & Dr Chris Harkins, Immutopics, 929 Calle Negocio, Suite A, 

San Clemente, CA 92673, USA 

 

Dr John T. Potts & Dr Tom Gardella, Massachusetts General Hospital, 149 Thirteenth 

Street, Room 4013, Charlestown, Massachusetts  02129, USA 

Dr Viren Sarin & Dr Gregory M. Beck, Lilly Research Laboratories, 

Biopharmaceutical Research and Development, Lilly Corporate Center, Indianapolis, 

IN 46285, USA 

 

3. MATERIALS  

 

Bulk material and preparation of ampoules of rhPTH 1-34 

 

Highly purified rhPTH 1-34, expressed in E.Coli cells, was kindly donated to WHO by 

Eli Lilly & Co., Indianapolis, IN, USA.  The preparation, with an accompanying MSDS, 

was received as a lyophilised white powder which, after formulation with prefiltered 

trehalose (10 mg/ml) in 1 mM acetic acid, was ampouled at 1.0 ml per ampoule, 

lyophilised and sealed according to procedures described by WHO for International 

Biological Standards (2) and stored at -20 C in the dark at NIBSC in November 2004.  

A final total of 2436 ampoules, each coded 04/200, was obtained, with a mean fill 

weight of 1.006 g (n=33; CV 0.06%), a mean dry weight of 0.0099 g (CV 1.38%) and, 

using the Karl Fischer method, a residual moisture content of 1.31% (CV 37.6%).  No 

microbial contamination was detected.  A text version of the Instructions for Use and 

Material Safety Sheet for 04/200 are included in the report as Appendix 4. 

 

200 vials of rhPTH 1-34, unformulated, with a declared content of 1 mg per vial were 

also donated by the manufacturer for use as a primary calibrant.  As stated by the 

manufacturer, ñThe content uniformity of these vials was controlledò. 
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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 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 

PTH 1-34 preparation 

 

Ampoule unitage and nominal content  

Not coded 

 

Primary calibrant 

PRS0404 

After Phase I, assigned 1.0 mg rhPTH 

1-34 per ampoule; unformulated) 

C, F 

Duplicates 

Candidate PTH 1-34 (04/200) Nominally 1.0 mg rhPTH 1-34 plus 10 

mg trehalose 

E, A, G  Accelerated thermal 

degradation (ATD) samples 

of PTH 1-34 (04/200) stored 

respectively at +4C, +20C 

and +37C for 23 months  

Contents assumed identical to 04/200 

H, B, D Accelerated thermal 

degradation (ATD) samples 

of PTH 1-34 (04/200) stored 

respectively at +37C, +45C 

and  +56C for 7 months 

Contents assumed identical to 04/200 

Not coded NIBSC Research Reagent  

PTH 1-34 82/508 

Human-type, synthetic 

355 Units; nominally 10 microgram 

PTH 1-34 plus 2 mg mannitol 

 

 

4. DESIGN OF THE STUDY AND ASSAY METHODS CONTRIBUTED  

 

Phase I  

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

calibrant PRS0404 (see Appendix 3.2, 3.3) 

 

Participants were requested to derive estimates of the rhPTH 1-34 content of the 

primary calibrant PRS0404 by AAA following the protocol as closely as was 

practicable and paying attention to the handling instructions for the material as 

outlined in the study protocol (Appendix 3.1).  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 determine the rhPTH 1-34 protein content of the primary 

calibrant and/or the molar extinction coefficient, participants were also requested to 

measure the UV absorption following the protocol.   
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Phase II 

HPLC for purity evaluation and potency assay of candidate standard, 04/200 (see 

Appendix 3.4, 3.5)  
 

Using the assigned value of 1.0 mg per vial for the primary calibrant PRS0404 

derived from Phase I, participants were requested to provide, in duplicate, estimates 

of purity and rhPTH 1-34 content of the candidate ampouled preparation, 04/200, by 

comparison with PRS0404, following the HPLC protocols for purity and protein 

content as closely as was practicable.  

 

Bioassay and Immunoassay of candidate standard, 04/200 

 

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 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.  Participantsô 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.   Of the seven in vitro bioassays in the study, the same cell line 

(UMR-106) was used in six laboratories.  No in vivo bioassays were available.  

Specific immunoassays for hPTH 1-34 are not widely available.  Of the three systems 

offered, two were Immutopics kits and one was in-house.  

 

Table 3   Assay methods used 

Lab 

No 

Assay type Comments 

1 HPLC (Potency) 

 

 

 

In vitro Bioassay  

 

 

In-house RPHPLC:Jupiter column 5µ C4 300 (4.6 x 250 

mm) Phenomenex Cat 00G-416-EO:acetonitrile gradient 

20-40% in 25 min. 

 

UMR-106 cell line; cAMP end-point measured by 

ELISA. IHS calibrated against hPTH 1-34 82/508 

 



                 WHO/BS/07.2063  

                                                                                                                            Page 7 

Immunoassay 

 

In-house assay with MAb capture antibody and rabbit 

polyclonal-antirabbit/HRP detector system 

2 HPLC (Potency 

and purity) 

Protocols followed with small variations for potency 

assay 

3 U-V spectroscopy 

 

HPLC 

As protocol 

 

 As protocol.    Comparison done with freeze-thawed 

samples 

4 HPLC 

 

In vitro Bioassay 

 

 

Immunoassay 

As protocol 

 

UMR-106 cell line; cAMP end-point measured by 

chemiluminescent kit, DiscoveRX.  Forteo used as IHS. 

 

Immutopics PTH 1-34 kit; kit standards, IHS and 

PRS0404 as references. 

5 HPLC (Potency) As protocol 

6 HPLC (Potency 

and purity) 

Protocols followed with minor variations. Participant 

concerned as to ñimprecision of the peak areasò. 

7 AAA  

 

U-V spectroscopy 

 

HPLC Potency and 

purity) 

 

In vitro Bioassay  

OPA and PITC derivitisation methods used; results very 

similar 

 

As protocol 

 

As protocol 

 
UMR-106 cell line; cAMP end-point measured by 

ELISA. Results presented as ñIU/vialò relative to 

82/508, assuming 355 IU per amp. 

8 AAA  

 

U-V spectroscopy 

 

HPLC (Potency 

and purity) 

 

In vitro Bioassay 

As protocol 

 

As protocol 

 

As protocol 

 

UMR-106 cell line; cAMP-RE-Luc reporter gene 

system. PRS0404 as reference  

9 HPLC (Potency) As protocol 

10 HPLC (Potency) 

 

In vitro Bioassay  

As protocol 

 

ROS 17/2.8 cell line; cAMP end-point measured by RIA 

11 U-V spectroscopy 

 

HPLC (Potency) 

 

In vitro Bioassay  

As protocol 

 

As protocol ï data presented as peak heights 

 

UMR-106 cell line; cAMP end-point measured by RIA; 

PRS0404 as reference. 

12 AAA  In-house method 

13 AAA  In-house method 
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14 U-V spectroscopy 

 

HPLC (Potency) 

As protocol 

 

As protocol 

15 HPLC (Potency) 

 

In vitro Bioassay  

As protocol 

 

UMR-106 cell line; cAMP end-point measured by 

ELISA 

16 Immunoassay 1. Immutopics Human PTH (1-34) Specific ELISA;  

2. High Sensitivity Human PTH (1-34) ELISA 

 

 

 

5. STATISTICAL ANALYSIS  

 

Comparisons within and between laboratories for results obtained using AAA, UV 

Spectroscopy and RP-HPLC have been carried out using logarithms of the reported 

values (for comparability with the comparison and combinations of estimates of 

relative potency).  Except as noted otherwise, results did not differ if the reported 

values were used directly. 

Bioassays and immunoassays have been analyzed using the methods of parallel line 

analysis.  Raw data were initially plotted and assessed for the occurrence of a 

monotonic dose ï response curve and for the presence of any gross anomalies in the 

data (3).  In the majority of cases, a four parameter logistic function satisfactorily 

described the dose ï response curve (4).  In a few instances, the responses were 

exceptionally variable, and there was not a clear dose ï response relationship, in 

which case the assay or plate in question was omitted from further analysis.  Data for 

assays carried out on micro-titre plates have been initially analyzed for the individual 

plates.  However, in some cases, the responses from the different plates have been 

combined for analysis, after allowance has been made for between plate differences.  

In one case reported responses were not consistent between plates and mean estimates 

as reported by the participant based on an in house reference preparation have been 

used. 

Comparisons among estimates and combinations of estimates have been based on 

logarithms of the estimates, thus giving geometric means for estimates of content and 

relative activity. 

 

6. RESULTS 

 

 Laboratory geometric means of estimates for the candidate standard 04/200 and its 

degradation samples from AAA, UV spectroscopy, HPLC, bioassay and 

immunoassay are in Summary Results, Tables 4 ï 8.  Estimates of purity, assay 

slopes, estimates in terms of in-house reference preparations etc. are shown in 

Appendix 1, Tables A1.1 ï A1.13.  For data contributed to the collaborative study, 

see Appendix 2 - Reported Results A2.1 ï A2.3. 

 

Amino Acid Analysis 

 Data for the estimated content of the primary calibrant PRS0404 by AAA were 

reported by four laboratories as listed in Table A2.1 
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Estimates of content of primary calibrant PRS0404 by AAA.     

Analysis of variance shows significant (p ~ 0.01) differences between the nominally 

identical samples in Lab08 and Lab12 and marginally significant (p ~ 0.08) 

differences in Lab13.  Data within laboratories are suggestive of possible method 

associated trends.   

 

For five of the five samples in Lab08, the second value was less than the first, and 

there is a possible indication of a trend over samples, with the mean estimate for 

sample 1 being the largest and that for sample 5 being the smallest.  Similarly, for 

each of the three samples in Lab12 the second reported value was less than the first 

reported value.  Such trends raise questions about interpretation of the estimated 

uncertainty. 

Analysis of variance of the sample means shows highly significant (p < 0.0001) 

differences in estimates from the different laboratories.  Laboratory and sample 

means, and mean of laboratory means are summarized in Table 4. 

 

UV Spectroscopy (A278-A282) 

Data for the estimated content of the primary calibrant PRS0404 were reported by 

five laboratories as listed in Table A2.2  One laboratory also reported the content of 

the candidate standard 04/200 determined by this method, reporting a mean content of 

0.855 mg/vial based on two determinations. 

Estimates of content of primary calibrant PRS0404 by UV Spectroscopy.     
Analysis of variance shows significant (p < 0.001) differences between the nominally 

identical samples in Lab07, and it is noted that the third of the reported values is 

smaller than the first two reported values which were identical for each of the three 

samples.  It is also noted that in Lab14 the estimates for samples 3 and 4 

(reconstituted in water) are less than the estimates for samples 1 and 2.  However, the 

difference is small, the samples are numbered in sequence, and the possibility of a 

method associated trend cannot be excluded.   

Analysis of variance of the sample geometric means shows no significant difference 

among estimates from the different laboratories if the estimate from Lab11 is 

excluded. Laboratory and sample means, and mean of laboratory means are 

summarized in Table 5. 

 

HPLC, Determination of purity of 04/200 

Four laboratories reported estimates of the purity of 04/200 and / or thermal 

degradation samples of it, as shown in Table A2.3.  The estimates in the different 

laboratories differed significantly from one another.  Because of the limited number 

of estimates (three or fewer laboratory estimates for each sample), no confidence 

limits have been calculated for the overall means.  Nevertheless, these data indicate 

that 04/200 is some 99% pure.  The purity appears to decrease for the samples stored 

at the higher temperatures. 

 

HPLC, Calibration of 04/200 

Data were reported by 13 laboratories as listed in Table A2.4, one of which used two 

methods.   The two methods have been considered separately (as 7A and 7B).   For 

these determinations, the content of the primary calibrant has been assumed to be 1 

mg per vial.   Data from Lab10 were converted to estimates relative to PRS0404 
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excluding the apparently anomalous response given by the first replicate and 

calculating ratios.  Data from Lab11 were converted to estimates relative to PRS0404 

using a factor of two for the calibrant.  The data used for analysis are shown in Table 

A2.4.   Laboratory geometric mean estimates in terms of PRS0404 are summarized in 

Table 6 and laboratory geometric mean estimates of the various degradation samples 

of the candidate standard in terms of one another are summarized in Table 7.  

Individual estimates are shown in Fig. 1. 

One laboratory carried out analysis of the reference standard 82/508 obtaining a mean 

content of 0.03 mg/ampoule in terms of PRS0404. 

One laboratory carried out analyses of samples which had undergone a freeze ï thaw 

cycle.  These data have been separately considered, and estimates for the samples 

subjected to this procedure have been excluded from calibration. 

Within laboratory variability of estimates.  Analysis of variance showed significant 

differences between assays for five of the six laboratories carrying out two assays (p 

< 0.0001 for two laboratories, p < 0.05 for one laboratory and p ~ 0.1 for two 

laboratories).    

Comparisons between the two samples identical except for code (c01 and c02) within 

laboratories show that in 5 of the 13 laboratories (including Lab7A and Lab7B 

separately, and excluding Lab11 where there was no reported replication) the analysis 

of variance suggested that there were possible differences in estimates between the 

two differently coded samples (p of order 0.1).  These differences suggest that the 

assay procedure has introduced a consistent difference between estimates for the two 

identical but differently coded samples. 

Comparisons of intra- and inter-assay variances show significant between laboratory 

heterogeneity. The variances of estimates for the duplicate ampoules of the candidate 

standard differed significantly among the different laboratories.  Estimates for sample 

c01 from Lab10 were particularly variable, and omission of Lab10 reduced the chi-

square for heterogeneity to approximately 60% of its value when Lab10 was included.   

However, there was significant heterogeneity even if the five laboratories with the 

most variable estimates were excluded.   This heterogeneity means that conclusions 

based on overall analysis of variance should be interpreted cautiously. 

These data do not allow reliable determination of the intra- and inter- assay variances 

for the individual laboratories.  Moreover, these data indicate that these variances are 

likely to differ significantly between laboratories. Reliable determination of precision 

of estimates for each laboratory is not possible.   All estimates from a laboratory (and 

method) have therefore been combined as geometric means to give a single estimate 

for each laboratory. These estimates have been combined as unweighted geometric 

means to give overall estimates, with the inter-laboratory variation for the combined 

estimate determined using the means which have been combined.    

Estimates of the content of the candidate standard 04/200 in terms of the primary 

calibrant PRS0404.   If overall analysis of variance is carried out ignoring between 

laboratory heterogeneity of variance and including the estimates from Lab10, there do 

not appear to be significant deviations in estimates between laboratories.  However, if 

estimates from Lab10 are excluded, analysis of variance shows highly significant (p < 

0.0001) differences among estimates from the different laboratories, with estimates 

from Lab09 and Lab03 being larger than estimates from other laboratories.  If 

estimates from these three laboratories are omitted, estimates from different 

laboratories are significantly (p < 0.01) different.   However, the standard deviation 

for laboratory means (log transformed) is reduced from 0.039 (all laboratories) to 
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0.020 (excluding Lab03, Lab09, lab10).  The mean of laboratory geometric means of 

all estimates for both c01 and c02 is 0.894 with 95% limits 0.875 to 0.915 with GCV 

4% (n=14), while the mean for estimates after deletion of Lab03, Lab09 and Lab10 is 

0.879 with 95% limits 0.867 to 0.891 with GCV 2% (n=11). These are virtually the 

same as the means obtained if the duplicate ampoules are considered separately 

(Table 6). 

 

Correcting the mean of all estimates (0.894 mg, standard deviation 0.0388) by the 

estimated content of the primary calibrant (0.997 mg, standard deviation 0.00272) 

gives an estimate of 0.891 mg with combined standard deviation 0.0389.   

 

Estimates of the duplicate ampoules of the candidate standard in terms of one 

another. Estimates of the duplicate ampoule of the candidate standard c02 in terms of 

c01, identical except for code are summarized in Table 7.  The ratio of the between 

laboratory variance for this comparison of duplicates to the between laboratory 

variance for estimates of c02 in terms of the primary calibrant is 0.27 (excluding 

estimates from L10).  That is, the inter-laboratory variance for estimates of c02 in 

terms of the primary calibrant is significantly (p ~ 0.02) larger than the inter-

laboratory variance for estimates of c02 in terms of the óidenticalô duplicate ampoule.  

Nevertheless, there are significant inter-laboratory differences relative to the pooled 

inter-assay variance, with estimates from all except L03, L09, L10 and L11 differing 

from the expected relative estimate of 1.0 by less than 1%. 

Stability based on thermally accelerated degradation samples. Estimates of the 

relative content of ampoules stored at elevated temperatures for periods of 208 or 687 

days (Table 2) relative to the combined estimate of ampoules of the candidate 

standard stored continuously at -20°C are summarized in Table 7.  Based on the 

overall means excluding L10 the predicted yearly loss of activity at -20°C is 0.001% 

and the predicted yearly loss of activity at 37°C is 3.5%.  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. 

Comparison of freshly reconstituted samples with freeze ï thawed samples. Freeze-

thawed samples were compared with freshly reconstituted samples in two assays in 

one laboratory.  Data are shown in Table A1.4  Relative to the inter-assay variability, 

these data are not consistent with a significant loss of activity by the freeze-thawed 

samples.  Reliable predictions would require additional assays. 

 

Bioassays 

Data were contributed by seven laboratories using methods as shown in Table 3. The 

assays and samples included in each are summarized in Table A1.5 

Comparisons among Dose ï Response Lines.  Slopes of the log dose (transformed) ï 

response lines for the primary calibrant, the candidate standard and the various in 

house reference preparations are given in Table A1.7  Linearity and parallelism of the 

dose ï response lines for the samples included in each assay were assessed using the 

classical analysis of variance for the parallel line assay analysis. However, it was 

noted in the majority of assays that the data were highly structured, and that the 

responses are may not be independent, an underlying assumption for this analysis.  In 

about two-thirds of analyses the dose ï response lines did not show significant 

deviations (p > 0.05) from linearity or parallelism. Deviations from linearity did not 
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reflect consistent curvature, and generally appeared to result from apparently erratic 

deviations or possibly out-lying responses.   In some cases where apparently 

significant deviations from parallelism occurred, the slopes of the dose ï response 

lines for the two preparations identical except for code differed as greatly as any other 

pair of preparations. Further assessment of the slopes did not show any consistent 

differences among them.  It is likely that in many cases the apparently significant 

deviations reflect an underestimation of the residual variance resulting from the 

structure of the assays.   

Estimates of the relative activity of the candidate standard 04/200 in terms of the 

primary calibrant PRS0404.   Estimates of the relative activity of the candidate 

standard, of the reference reagent 82/508 and of the various in house reference 

preparations are given in Table A1.11 and summarized in Table 8.  These estimates 

vary both within and between laboratories.  Nevertheless, these bioassays have shown 

that the candidate standard gives comparable responses to the existing reference 

reagent and that its relative activity in terms of PRS0404 is broadly consistent with 

that expected on the basis of its calibration by RP-HPLC. 

Stability based on thermally accelerated degradation samples. Slopes of the log dose 

ï (transformed) response lines for the candidate standard and thermally accelerated 

degradation samples of it are shown in Appendix Table A1-7.  Estimates of the 

content of ampoules stored at elevated temperatures relative to the combined estimate 

of ampoules of the candidate standard stored continuously at -20°C are given in Table 

A1.11.   Estimates are variable, but are consistent with the losses of activity 

determined by HPLC. 

Immunoassays 

Data were contributed by three laboratories, one of which used three methods, as 

shown in Table 3.  The assays and samples included in each assay are summarized in 

Table A1.6. 

Comparisons among Dose ï Response Lines.  Slopes of the log dose (transformed) ï 

response lines for the primary calibrant, the candidate standard and the various in 

house reference preparations are given in Table A1.8.  Linearity and parallelism of 

the dose ï response lines were assessed as for the bioassays and it was noted that the 

immunoassays also followed highly structured designs.  The dose ï response lines 

from the immunoassays of Lab01 and Lab04 did not show significant deviations (p > 

0.05) from linearity or parallelism. However, the majority of assays from Lab16 

showed significant deviations from parallelism, and in these assays there was a 

consistent tendency for the slopes of the dose ï response line for the in-house 

reference preparation to be flatter than those for the primary calibrant or the candidate 

standard.   

Estimates of the relative activity of the candidate standard 04/200 in terms of the 

primary calibrant PRS0404.    Estimates of the relative immuno-reactivity of the 

candidate standard, of the reference reagent 82/508 and of the various in house 

reference preparations are given in Table A1.12 and summarized in Table 8.  These 

estimates vary both within and between laboratories.  Nevertheless, in these 

immunoassays the candidate standard gives comparable dose ï response lines to those 

for the existing reference reagent and its relative activity in terms of PRS0404 is 

broadly consistent with that expected on the basis of its calibration by RP-HPLC. 

Stability based on thermally accelerated degradation samples. Slopes of the log dose 

ï   (transformed) response lines for the candidate standard and thermally accelerated 

degradation samples of it are shown in Table A1.10.  Estimates of the content of 
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ampoules stored at elevated temperatures relative to the combined estimate of 

ampoules of the candidate standard stored continuously at -20°C are given in Table 

A1.13. Estimates suggest that the immunoassays do not detect significant degradation 

in the sample stored at 56°C, in contrast to the significant changes detected by HPLC. 

 

 

8. CONCLUSIONS AND RECOMMENDATIONS  

 

PTH 1-34, also called teriparatide, is currently on the market for the treatment of 

postmenopausal women with osteoporosis who are at high risk of fracture. This drug, 

which is manufactured by recombinant DNA technology using an Escherichia coli 

strain, is administered by a once daily subcutaneous injection of 20 µg. The study to 

establish a new standard for rhPTH 1-34 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 PTH 

1-34 by RP-HPLC assay, with confirmatory data from immunoassay and bioassay.  

 

Analysis of variance of the sample means shows highly significant (p < 0.0001) 

differences in estimates from the different laboratories performing AAA.  All 

laboratories generally followed the same protocol although there were reported 

deviations from this.  For example, Lab07 used OPA and PITC as derivatization 

agents rather than ninhydrin and, in Lab13, internal standards were added before 

drying the sample rather than afterwards.  The laboratory geometric mean for AAA of 

PRS0404 was 0.986 (0.883-1.102) mg per vial with a geometric CV of 7%.   For the 

laboratories reporting UV spectroscopy data, analysis of variance of the sample 

geometric means shows no significant difference among estimates from the different 

laboratories if the estimate from Lab11 is excluded.  The laboratory geometric mean 

for UV spectroscopy of PRS0404 was 0.997 (0.993-1.001) mg per vial with a 

geometric CV of 0.3%.  Using these results for PRS0404 allows the assignment of a 

value of 1 mg per vial to the primary calibrant with a minimum level of uncertainty. 

Accordingly, in Phase II of the study, all laboratories offering HPLC, bioassay or 

immunoassay used the value of 1 mg rhPTH 1-34 per vial for the primary calibrant 

PRS0404. 

 

In those laboratories carrying out HPLC assay, there are significant deviations in 

estimates between laboratories when the within laboratory variability excludes one 

excessively large variance.  Thus, the laboratory geometric mean estimates based on 

the combined estimates for both duplicate ampoules in each laboratory have been 

used.  Correcting the mean of all estimates (0.894 mg, standard deviation 0.0388) by 

the estimated content of the primary calibrant (0.977 mg, standard deviation 0.00272) 

gives an estimate of 0.891 mg with combined standard deviation 0.0389.  Estimates 

of purity of the non-degraded preparation were in the order of 99% 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 

overall uncertainty of the estimate is effectively determined by the between 

laboratory variability of geometric mean estimates by HPLC assay.  Estimates by 

bioassay and immunoassay are in broad agreement with this estimate, but show 

substantially greater intra- and inter- assay variability (Fig. 1). 
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The candidate preparation 04/200 appears to be sufficiently stable to serve as an 

international reference reagent since the predicted yearly loss of activity at -20°C is 

0.001% and the predicted yearly loss of activity at 37°C is 3.5% based on the 

thermally accelerated degradation samples assayed by HPLC.  These results indicate 

that 04/200 is likely be highly stable under long term storage conditions at -20°C  

 

The preparation has also been shown to have appropriate immunological and 

biological activity.  Comparisons among the various in house reference preparations, 

the primary calibrant and the candidate standard do not suggest that use of this 

standard with the assigned content would lead to discontinuity in these systems, for 

which doses were largely reported in mass or mass related units. 

 

The drug is routinely administered in mass units, typically in the order of 20 µg per 

day.  Immunoassay measurements, for example for pharmacokinetic studies, are also 

reported in mass units, usually pg per ml.  The current NIBSC Research Reagent for 

PTH 1-34 (82/508) was assigned units of activity (355U) relative to a previous in-

house preparation of PTH 1-34, 75/596, and based on a content then thought to be 

some 0.03 mg (approximately 10000 units / mg). This preparation, 75/596, in turn 

had been calibrated in a collaborative study against a bovine PTH 1-84 preparation by 

in vivo bioassay.  The traceability pathway is of little value, since dose-response 

curves for the two PTH species were not parallel and estimates varied widely.  

However, units are sometimes quoted in addition to mass content for administered 

doses, although it is not clear how these units are derived.  This study shows 04/200 

to be suitable for bioassays.  In some cases, an assigned unitage may be useful, 

although there is no clear consensus on the need for such a unitage. 

  

 

Proposal 

With the agreement of the participants, it is recommended that the preparation in 

ampoules coded 04/200 be established as the First International Standard for PTH 1-34, 

Human, Recombinant, with an assigned content of 0.89 mg per ampoule (95% limits 

0.875 to 0.915).  To maintain broad continuity with the currently quoted units for some 

therapeutic uses which may originally have been based on the NIBSC Reference 

Reagent (approximately 10000 units / mg, using its originally estimated mass content) it 

is also proposed that this material be assigned an ampoule content of 8900 units (1 unit 

approximately equivalent to 100 ng).  
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Laboratories  plotted consecutively within each assay type

Bioassays HPLC Immunoassays

Fig 1. Plot of individual estimates for the candidate standard  in terms of the
Primary Calibrant (mg of PC per ampoule) on a log scale.  

 
- Estimates for the coded duplicates are slightly offset 

- The dashed line shows the assigned value of 0.89 mg 
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Summary Results 

 
Table 4. Laboratory geometric means (GM) of sample geometric means 

calculated from reported data obtained by AAA analysis of P RS0404.  

 

 

 

  Laboratory  Lab GM               Sample Means for sample                      

                           1         2         3         4         5  

 

      L07      1.000     0.990     0.970     1.040      .         .    

 

      L08      0.919     0.957     0.900     0.898     0.946     0.893  

 

      L12      1.080     1.078     1.087     1.074      .         .    

 

      L13      0.954     0.960     0.952     0.949      .         .    

 

Geometric Mean of Laboratory GMs  

               0.986  

95% confi dence limits  

          0.883 to 1.102  

Geometric CV    7%  (n=4)  

 

 

 
Table 5. Laboratory geometric means (GM) of sample geometric means 

calculated from reported data obtained by UV Spec analysis of PRS0404.  

 

       Laboratory  Lab GM         Sample GMs for s ample  

                                1         2         3         4  

 

           L03      0.999     0.999     0.999      .         .    

 

           L07      0.994     1.006     1.004     0.972      .    

 

           L08      0.996     1.024     0.972     1 .013     0.975  

 

           L11      0.746     0.746      .         .         .    

 

           L14      1.000     1.002     1.011     0.996     0.990  

 

Geometric Mean: of Laboratory GMs        of all Sample GMs  

                    0.941                      0.977  

 95% confidence limits  

                 0.801 to 1.105              0.933 to 1.022  

 Geometric CV         14% (n=5)                   8%  (n=14)  

 

Excluding L11  

Geometric Mean      0.997                      0.997  

95% confidence limits  

                 0.993 to 1.001              0.987 to 1.007  

Geometric CV        0.3% (n=4)                  2%  (n=13)  
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Table 6 . Laboratory geometric mean estimates by HPLC for the candidate 

sample stored at various temperatures in terms of the primary calibrant 

PRS0404 with an assumed content of  1mg per vial.  

 

   lcode     c01     c02     c04     c20     c37    c37d     c45     c56  

 

   L01     0.892   0.895    .      0.902    .       .       .       .    

 

   L02     0.867   0.872    .       .      0.825   0.841    .       .    

 

   L03     0.920   0.959    .       .       .       .      0.873   0.834  

 

   L04     0.919   0.911    .       .       .       .      0.883   0.828  

 

   L05     0.873   0.873    .       .       .       .      0.816   0.709  

 

   L06     0.906   0.902    .       .      0.826   0.865    .       .    

 

   L07A    0.875   0.865    .       .       .       .      0.827    .    

 

   L07B    0.885   0.883    .       .       .       .      0.830    .    

 

   L08     0.870   0.865   0.860   0.850   0.830   0.840    .       .    

 

   L09     0.954   0.974    .       .       .       .      0.925   0.835  

 

   L10     0.888   1.050    .       .       .       .      0.858   1.026  

 

   L11     0.851   0.902    .      0.874    .       .       .       .    

 

   L14      0.862   0 .856   0.819   0.832    .       .      0.764   0.692  

 

   L15     0.862   0.859    .       .      0.822   0.853    .       .    

--------------------------------------------- ----------------------------  

Geometric Mean  

           0.887   0.903   0.839   0.864    0.826   0.850   0.846   0.814  

               0.895 (n=28 )  

Geometric Coefficient of Variation  

            3%      6%      4%      4%     0.4%     1%      6%      15%  

                 5% 

Lower 95% Limit  

           0.871   0.873   0.615   0.817   0.821   0 .831   0.805   0.701  

               0.879  

Upper 95% Limit  

           0.903   0.934   1.145   0.913   0.831   0.868   0.888   0.944  

               0.912  

Omit L10  

Geometric Mean  

           0.887   0.893   0.839   0.864   0.826   0.850   0.844   0.777  

               0.890 (n=26)  

Geometric Coefficient of Variation  

            3%      4%      4%      4%     0.4%     1%      6%      10%  

                 4% 

Lower 95% Limit  

           0.869   0.871   0.615   0.817   0.821   0.831   0.769   0.691  

               0.87 7 

Upper 95% Limit  

           0.904   0.915   1.145   0.913   0.831   0.868   0.894   0.874  

               0.912  
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Table 7. Laborator y geometric means of estimates by HPLC for the 

candidate sample stored at various temperatures for assay geometric means 

of c02 relative to the assay geometric mean of sample c01, identical to 

c02 except for code, and for assay means of c04, c20, c37, c37d, c45, c56 

relative to the combined assay mean of estimates of c01 and c02.  Storage 

times in days are shown under the sampl e code.  

 

                          Temperature of storage  

lcode       c02       c04       c20       c37      c37d       c45       c56  

                               Storage time, days  

            n/a       687       687       687      208        208       208  

 

L01       1.003      .        1.010      .         .         .         .    

 

L02       1.006      .         .        0.949     0.967      .         .    

 

L03       1.042      .         .         .         .        0.929     0.888  

 

L04       0.992      .         .         .         .        0.965     0.905  

 

L05       1.000      .         .         .         .        0.934     0.812  

 

L06       0.995      .         .        0.914     0.957      .         .    

 

L07A      0.989      .         .         .         .        0.951      .    

 

L07B      0.998      .         .         .         .        0.938      .    

 

L08       0.994     0.994     0.980     0.957     0.968      .         .    

 

L09       1.021      .         .         .         .        0.960     0.866  

 

L10       1.183      .         .         .         .        0.899     1.076  

 

L11       1.061      .        0.997      .         .         .         .    

 

L14       0.993     0.954     0.969      .         .        0.889     0.806  

 

L15       0.997      .         .        0.956     0.991      .         .    

 

 

Geometric mean  

          1.018     0.974     0.989     0.944     0.971     0.933     0.888  

Geometric CV  

           5%        3%        2%        2%        1%        3%        11%  

Lower 95% limit  

          0.991     0.747     0.960     0.912     0.948     0.910     0.795  

Upper 95% limit  

          1.047     1.270     1.018     0.977     0.994     0.956     0.991  

---------------------------------------------------------------------------------

--  

Omit L10  

Geometric mean  

          1.001     0.974     0.989     0.944     0.971     0.938     0.854  

Geometric CV  

           2%        3%        2%        2%        1%        3%        5%  

Lower 95% limit  

          0.994     0.747     0.960     0.912     0.948     0.914     0.801  

Upper 95% limit  

          1.020     1.270     1.018     0.977     0.994     0.962     0.912  
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Table 8 . Laboratory geometric means of estimates by bioassay and 

immunoassay of the activity of the duplicate ampoules of the candidate 

standar d, of the reference reagent 82/508  (Rr) , and of the various in 

house reference preparations expressed as mg of the primary calibrant 

equivalent in activity to 1 nominal mg of the preparation.  

 

  asty      lcode     c01       c02         Rr         ih        ihk  

  Bio        L01     0.86       0.72       0.76       0.72        .      

 

             L04 *     1.49       1.44       0.76        .          .  

 

             L07     0.91       1.07       1.66        .          .      

    

             L08     1.02       0.92       1.64        .          .      

 

             L10     0.80       0.95       0.17        .          .    

   

             L11     0.92       1.13        .         1.04        .      

 

             L15     0.75       0.91        .          .          .      

 

Geometric mean of laboratory means  

  All Bio            0. 94       1.00       0.76       0.87      .      

 

 

   

 

  Imm        L01     0.80       0.82       1.12       1.12        .      

 

             L04     0.78       0.73       0.38        .         1.28  

 

 

  ImmE1      L16     0.94        .          .          .         1.73  

 

 

  ImmE2      L16     1.35        .          .          .         2.00  

 

  ImmE2b     L16     0.97        .          .          .         1.91  

 

Geometric mean of laboratory me ans  

All Imm              0.95      0.78       0.65        1.12       1.70  

 

 

 

 

Overall geometric means of laboratory means  

                     0.9 4      0.9 4      0.73        0.94  

95% confidence limits  

Lower limit          0.83       0.8 0      0.34         0.52  

Upper limit          1.08      1.12      1.57         1.7 1 

 

*Determined from mean values reported by participant in terms of an in 

house reference.  
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Appendix 1 

 

 
 

Table A1.1 Estimation of purity of the candidate standard and thermal 

degradation samples of it by RP - HPLC. 

 

 

   lcode  ascode     c01     c02     c04     c20    c37d     c37     c45  

 

    L02     A1       .       .       .       .     97.81   96.54     .   

            A2       .       .       .       .     97.85   96.42     .   

            A3       .       .       .       .     97.82   96.36     .   

              GM       .       .       .       .     97.83   96.44     .   

 

    L06     A1     98.48   98.50     .       .     96.14   94.20     .   

            A2     98.50   98.50     .       .     96.20   94.50     .   

              GM     98.49   98.50     .       .     96.17   94.35     .   

 

    L07     A1     99.14   99.04     .       .       .       .     94.53  

            A2     99.19   99.10     .       .       .       .     94.76  

            A3     99.14   99.15     .       .       .       .     94.65  

              GM     99.15   99.10     .       .       .       .     94.65  

 

    L08     A1     98.70   98.80   98.70   97.90   96.40   93.70     .   

              GM     98.70   98.80   98.70   97.90   96.40   93.70     .   

 

 

Overall geometric mean of laboratory geometric means  

                     98.78   98.80   98.70   97.90   96.80   94.82   94.65  

 

Geometric means of thermal degradation samples expressed relative to the combined 

mean of c01 a nd c02  

                                     0.999   0.991   0.980   0.960   0.958  
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 Table A1.2 Data reported from  HPLC ana lysis expressed relative to the primary 

calibrant, PRS0404.  

 

  lcode ascode fgr   c01    c02    c04    c20    c37   c37d    c45    c 56 

 

 L01     A1   frsh  0.889  0.886   .     0.896   .      .      .      .    

 

 L01     A2   frsh  0.895  0.904   .     0.908   .      .      .      .    

 

 L02     A1   frsh  0.870  0.871   .      .     0.825  0.841   .      .    

                    0.864   0.873   .      .      .      .      .      .    

 

 L03     A1   frsh  1.014  1.025   .      .      .      .     0.897  0.883  

                    0.946  1.025   .      .      .      .     0.958  0.891  

 

 L03     A1   frz   0.914  0.943   .      .      .      .     0.859  0.823  

                    0.914  0.966   .      .      .      .     0.901  0.818  

 

 L03     A2   frsh  0.881  0.882   .      .      .      .     0.844  0.787  

                    0.848  0.913   .      .      .      .     0.800  0.782  

 

 L03     A2   frz   0.873  0.907   .      .      .      .     0.837  0.777  

                    0.868  0.903   .      .      .      .     0.836  0.775  

 

 L04     A1   frsh  0.870  0.919   .      .      .      .     0.862  0.802  

                    0.951  0.888   .      .      .      .     0.851  0.820  

 

 L04     A2   frsh  0.889  0.877   .      .      .      .     0.908  0.815  

                    0.969  0.963   .      .      .      .     0.911  0.877  

 

 L05     A1   frsh  0.879  0.882   .      .      .      .     0.840   0.724  

                    0.884  0.893   .      .      .      .     0.816  0.713  

 

 L05     A2   frsh  0.866  0.863   .      .      .      .     0.801  0.703  

                    0.865  0.856   .      .      .      .     0.806  0.696  

 

 L06     A1   frsh  0 .882  0.876   .      .     0.817  0.854   .      .    

 

 L06     A2   frsh  0.931  0.928   .      .     0.835  0.876   .      .    

 

 L07A    A1   frsh  0.876  0.865   .      .      .      .     0.827   .    

                    0.875  0.865   .      .      .       .     0.829   .    

                    0.875  0.866   .      .      .      .     0.826   .    

 

 L07B    A1   frsh  0.886  0.884   .      .      .      .     0.830   .    

                    0.884  0.883   .      .      .      .     0.831   .    

                    0.885  0.883   .      .      .      .     0.828   .    

 

 L08     A1   frsh  0.870  0.860  0.860  0.850  0.830  0.840   .      .    

 

 L08     A2   frsh  0.870  0.870   .     0.850  0.830  0.840   .      .    

 

 L09     A1   frsh  0.955  0.983   .      .      .      .     0.924  0.828  

                    0.954  0.966   .      .      .      .     0.927  0.842  
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 Table A1.3 Data reported from  HPLC ana lysis expressed relative to the primary 

calibrant, PRS0404.  

 

 

 lcode ascode fgr    c01    c02    c04    c20    c37   c37d    c45    c56  

 

 L10     A1   frsh  0.884  1.027   .      .      .      .     0.960  0.922  

                    0.675  1.171   .      .      .      .     0.767  1.149  

                    0.832  0.961   .      .      .      .     0.8 56  1.020  

                    1.249   .      .      .      .      .      .      .    

 

 L11     A1   frsh  0.851  0.902   .     0.874   .      .      .      .    

 

 L14      A1   frsh  0.856  0.837  0.819  0.836   .      .     0.745  0.692  

                    0.868  0.875   .     0.828   .      .     0.783  0.693  

 

 L15     A1   frsh  0.863  0.872   .      .     0.831  0.866   .      .    

                    0.861  0.847   .      .     0.814  0.840   .      .    
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Table A1.4 Comparison of freshly prepared sam ples with sample after a freeze - thaw 

cycle by HPLC carried out in Lab03.  

 

      ascode    fgr     repl      c01       c02       c45       c56  

 

       A1      fre sh    R1       1.014     1.025     0.897     0.883  

                        R2       0.946     1 .025     0.958     0.891  

                        mean     0.979     1.025     0.927     0.887  

 

               frozen    R1       0.914     0.943     0.859     0.823  

                        R2       0.914     0.966     0.901     0.818  

                        mean     0.914     0.954     0.880     0.820  

 

                n/a     ratio    0.933     0.931     0.949     0.925  

 

 

 

       A2      fre sh    R1       0.881     0.882     0.844     0.787  

                        R2       0.848     0.913     0.800     0.782  

                        mean     0.864     0.897     0.822     0.784  

 

               frozen    R1       0.873     0.907     0.837     0.777  

                        R2       0.868     0.903     0.836     0.775  

                        mean     0.870     0.90 5     0.836     0.776  

 

                n/a     ratio    1.007     1.009     1.018     0.989  
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Table A1.5  List of Bioassays and samples tested in assays.  

 

 

asty   parti asdate   plate Samples tested in assay   

 

Bio    Lab01 A4        P1   Pc   c01  c02  c45  c56                 

             A5        P1   Pc   Rr   c01  c02  c45  c56  ih        

             A6        P1   Pc   Rr   c01  c02  c45  c56  ih        

             A8        P1   Pc   Rr   c01  c02  c45  c56  ih        

 

Bio    Lab04 2         2A   Pc   Rr                                 

             3         3A   Pc   Rr   c45  ihf                      

             3         3B   c01  c02  c56                           

             5         5BC  c01  c02  c45  c56  ihf                 

             6         6A   Pc   Rr   ihf                           

             6         6BC  c01  c02  c45  c56  ihf                 

             7         7x   Pc   Rr   c01  c02  c45  c56  ihs       

 

Bio    Lab07 061128    P1   Pc   Rr   c01  c02                      

             061130    P1   Pc   Rr   c01  c02                      

             061206    P1   Pc   Rr   c01  c02                      

             061208    P1   Pc   Rr   c01  c02                      

 

Bio    Lab08 061114    1A   Pc   Rr   c01  c 02                      

             061114    1B   Pc   Rr   c02  c56                      

             061114    1C   Pc   Rr   c01  c56                      

 

Bio    Lab10 All            Pc   Rr   c01  c02  c45  c56            

 

Bio    Lab11 A1             Pc   c01  c02  ih                       

             A2             Pc   c01  c02  ih                       

             A3             Pc   Pcf  c01  c01f c02  c02f ih   ihf  

 

Bio    Lab15 A0700415  P1   Pc   c02                                

             A0700415  P2   Pc   c02                                

             A0700415  P3   Pc   c45                                

             A0700419  P1   Pc   c45                                

             A0700419  P2   Pc   c01                                

             A0700419  P3   Pc   c01                                

             A0700419  P4   Pc   c56                                
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Table A1.6  List of immunoassays and samples tested in each assay  

 

asty   parti asdate   plate Samples tested i n assay  

 

Imm    Lab01 A1             Pc   Rr   c01  c02  c45  c56  ih        

             A2             Pc   Rr   c01  c02  c45  c56  ih        

 

Imm    Lab04 exp2      P1   Pc   Rr   c01  c02  ihf  ihk            

             exp4      P1   Pc   Rr   c01  c02  ihf  ihk            

             exp5      P1   Pc   Rr   c01  c02  ihf  ihk            

             exp6      P1   Pc   Rr   c01  c02  ihf  ihk            

             exp7      P1   Pc   Rr   c01  c02  ihf  ihk            

 

ImmE1  Lab16 070209    P1    Pc   c01  c20  c45  ihk                 

             070209    P2   Rr   c02  c56  ihk                      

             070426    P1   Pc   c01  c01n ihk                      

 

ImmE2  Lab16 070209    P1   Pc   c01  c20  c45  ihk                 

             070209    P2   Rr   c02  c56  ihk                      

             070426    P1   Pc   c01  c01n ihk                      

             070501    P1   Pc   Pcf1 Pcf2 ihk                      

             070502    P1   c01  c01f c20  c45  ihk                 

             070502    P2   c01  c02  c56  ihk                      

 

ImmE2b Lab16 070209    P1   Pc   c01  c20  c45  ihk                 

             070209    P2   Rr   c02  c56  ihk                      

             070426    P1   Pc   c01  c01n ihk                      

             070501    P1   Pc   Pcf1 Pcf2 ihk                      

             070502    P1   c01  c01f c20  c45  ihk                 

             070502    P2   c01  c02  c56  ihk                      
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Table A1.7 Slopes of log  dose ï (transformed) response lines for the primary 

calibrant, the candidate standard, the international reference reagent 82/508 and 

the various in house reference preparations obtained by bioassay. (1) denotes 

that no slope was estimated and responses t o a single dose have been used.  

    

 ass y   parti asdate     plate    Pc    c01    c02     Rr     ih    ihk  

 

   Bio    Lab01 A4        P1    - 1.03  - 1.09  - 0.95    .      .      .   

                A5        P1    - 1.63  - 1.13  - 1.26  - 0.81  - 0.95    .   

                A6        P1    - 1.40  - 0.48  - 1.04  - 1.31  - 0.87    .   

                A8        P1    - 1.07  - 1.12  - 0.96  - 0.66  - 0.69    .   

 

   Bio    Lab04 2         2A     0.58    .      .     0.84    .      .   

                3         3A     1.29     .      .     1.00   1.51    .   

                3         3B      .     0.22   0.23    .      .      .   

                5         5BC     .     0.59   0.52    .     0.90    .   

                6         6A     1.16    .      .     0.80   1.30    .   

                6         6BC     .     (1)     (1)      .     1.23    .   

                7         7x     0.19   0.36   0.16   0.93    .     0.17  

 

   Bio    Lab07 061128    P1    - 0.81  - 0.87  - 1.12  - 1.24    .      .   

                061130    P1    - 1.12   - 1.19  - 1.28  - 1.40    .      .   

                061206    P1    - 1.20  - 0.99  - 1.19  - 1.25    .      .   

                061208    P1    - 1.81  - 1.55  - 1.06  - 1.50    .      .   

 

   Bio    Lab08 061114    1A     1.04   1.05   0.98   1.04    .      .   

                061114    1B     1.02    .     1.08   1.17    .      .   

                061114    1C     1.13   1.07    .     1.09    .      .   

 

   Bio    Lab10 All              0.84   0.96   0.91   1.32    .      .   

 

   Bio    Lab11 A1               1. 21   1.18   1.30    .     1.16    .   

                A2               1.35   1.26   1.37    .     1.34    .   

                A3               1.53   1.40   1.55    .     1.49    .   

 

   Bio    Lab15 A0700415  P1    - 1.48    .    - 1.43    .      .      .   

                A0700415  P2    - 1.10    .    - 1.13    .      .      .   

                A0700415  P3    - 1.36    .      .      .      .      .   

                A0700419  P1    - 1.21    .      .      .      .      .   

                A0700419  P2    - 1. 35  - 2.17    .      .      .      .   

                A0700419  P3    - 1.36  - 1.56    .      .      .      .   

                A0700419  P4    - 0.68    .      .      .      .      .   
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Table A1.8 Slopes of log dose ï (transformed) response lines for the primary 

calibrant, the candidate standard, the international reference reagent 82/508 and 

the various in house reference preparations obtained by immunoassay. (1) denotes 

that no slope was estimated and responses to a single dose have been used.  

 

    

   as sy   parti asdate   plate    Pc    c01    c02     Rr     ih    ihk  

 

   Imm    Lab01 A1               2.19   2.00   2.02   1.79   2.05    .   

                A2               2.28   2.21   2.39   2.19   2.01    .   

 

   Imm    Lab04 exp2      P1     3.40   2 .58   2.37   3.02   4.03   1.98  

                exp4      P1     1.77   1.67   2.19   2.87   1.67   1.84  

                exp5      P1     2.66   2.63   2.12   1.67   (1)    1.63  

                exp6      P1     2.35   2.14   1.67   3.42   2.64   2.93  

                exp7      P1     2.02   1.81   2.49   3.08   2.71   2.20  

 

   ImmE1  Lab16 070209    P1     1.17   1.13    .      .     1.09    .   

                070209    P2      .      .     1.71   1.83   1.18    .   

                070426    P1     1.32   1 .31    .      .     1.12    .   

 

   ImmE2  Lab16 070209    P1     2.78   1.76    .      .     2.70    .   

                070209    P2      .      .     3.39   3.21   3.08    .   

                070426    P1     2.80   2.51    .      .     2.14    .   

                070501    P1     2.18    .      .      .     1.91    .   

                070502    P1      .     2.02    .      .     1.66    .   

                070502    P2      .     2.37   2.41    .     1.93    .   

 

   ImmE2b Lab16 070209    P1     1.92   1.87    .      .     1.71    .   

                070209    P2      .      .     1.85   1.99   1.76    .   

                070426    P1     1.50   1.54    .      .     1.36    .   

                070501    P1     1.55    .      .      .     1.39    .   

                070502    P1      .     1.68    .      .     1.22    .   

                070502    P2      .     1.58   1.57    .     1.24    .   
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Table A1.9 Slopes of log dose ï (transformed) response lines for the candidate 

standard and thermally accelerat ed degradation samples of it obtained by 

bioassay. (1) denotes that no slope was estimated and responses to a single dose 

have been used.  

 

 

  assy    parti  asdate    plate    c01     c02     c20     c45     c56  

 

  Bio     Lab01  A4         P1     - 1.09   - 0.95     .     - 1.92   - 1.24  

                 A5         P1     - 1.13   - 1.26     .     - 1.59   - 1.13  

                 A6         P1     - 0.48   - 1.04     .     - 1.52   - 1.21  

                 A8         P1     - 1.12   - 0.96     .     - 1.36   - 1.04  

 

  Bio     Lab04  3          3A       .       .       .      1.59     .   

                 3          3B      0.22    0.23     .       .      0.26  

                 5          5BC     0.59    0.52     .      0.50    0.59  

                 6          6BC     (1)     (1)      .      (1)     (1)  

                 7          7x      0.36    0.16     .      0.24    0.32  

 

  Bio     Lab07  061128     P1     - 0.87   - 1.12     .       .       .   

                 061130     P1     - 1.19   - 1.28     .       .       .   

                 061206     P1     - 0.99   - 1.19     .       .       .   

                 061208     P1     - 1.55   - 1.06     .       .       .   

 

  Bio     Lab08  061114     1A      1.05    0.98     .       .       .   

                 061114     1B       .      1.08     .       .      1.03  

                 061114     1C      1.07     .       .       .      1.05  

 

  Bio     Lab10  All                0.96    0.91     .      0.91    0.88  

 

  Bio     Lab11  A1                 1.18    1.30     .       .       .   

                 A2                 1.26    1.37     .       .       .   

                 A3                 1.40    1.55     .       .       .   

 

  Bio     Lab15  A0700415   P1       .     - 1.43     .       .       .   

                 A0700415   P2       .     - 1.13     .       .       .   

                 A0700415   P3       .       .       .     - 1.11     .   

                 A0700419   P1       .       .       .     - 1.38     .   

                 A0700419   P2     - 2.17     .       .       .       .   

                 A0700419   P3     - 1.56     .       .       .       .   

                 A0700419   P4       .       .       .       .     - 0.97  
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Table A1.10 Slopes of log dose ï (transformed) response lines for the candidate 

standard and thermally accelerat ed degradation samples of it obtained by 

immunoassay. (1) denotes that no slope was estimated and responses to a single 

dose have been used.  

 

 

  ass y    parti  asdate    plate     c01     c02     c20     c45     c56  

 

  Imm     Lab01  A1                 2.0 0    2.02     .      1.86    2.79  

                 A2                 2.21    2.39     .      2.13    2.08  

 

  Imm     Lab04  exp2       P1      2.58    2.37     .       .       .   

                 exp4       P1      1.67    2.19     .       .       .   

                 exp5       P1      2.63    2.12     .       .       .   

                 exp6       P1      2.14    1.67     .       .       .   

                 exp7       P1      1.81    2.49     .       .       .   

 

  ImmE1   Lab16  070209     P1      1. 13     .      1.22    1.17     .   

                 070209     P2       .      1.71     .       .      1.46  

                 070426     P1      1.31     .       .       .       .   

 

  ImmE2   Lab16  070209     P1      1.76     .      2.64    2.78     .   

                 070209     P2       .      3.39     .       .      2.91  

                 070426     P1      2.51     .       .       .       .   

                 070502     P1      2.02     .      2.17    2.03     .   

                 070502     P2      2. 37    2.41     .       .      2.42  

 

  ImmE2b  Lab16  070209     P1      1.87     .      2.04    2.06     .   

                 070209     P2       .      1.85     .       .      1.83  

                 070426     P1      1.54     .       .       .       .   

                 070502     P1      1.68     .      1.58    1.61     .   

                 070502     P2      1.58    1.57     .       .      1.59  
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Table A1.11 Estimates by bioassay of the relative activity expressed as ng of 

primary calibrant equivalent ( assumed to contain 1 mg PTH) to 1 ónominalô ng of 

the candidate standard, of the reference reagent 82/508 and of the various in 

house reference preparations.  Estimates are given only for direct comparisons 

within the same assay or within the same plate wh ere responses from different 

plates have not been combined.  

 

  assy    parti  asdate    plate    c01     c02      Rr      ih     ihk  

 

  Bio     Lab01  A4         P1     1.036   0.927    .       .       .    

                 A5         P1     0.520   0.539   1.276   0.853    .    

                 A6         P1     2.061   0.778   0.623   0.859    .    

                 A8         P1     0.496   0.679   0.556   0.509    .    

 

  Bio     Lab04  2          2A      .       .      0.641    .       .    

                 3          3A      .       .      0.922   0.648    .    

                 6          6A      .       .      0.319   1.031    .    

                 7          7x     0.107   0.202   0.005    .      0.235  

 

  Bio     Lab07  061128     P1     0.658   1.881    1.124    .       .    

                 061130     P1     1.326   1.128   2.327    .       .    

                 061206     P1     0.872   0.967   1.954    .       .    

                 061208     P1     0.891   0.633   1.480    .       .    

 

  Bio     L ab08  061114     1A     1.031   0.964   1.758    .       .    

                 061114     1B      .      0.879   1.461    .       .    

                 061114     1C     1.014    .      1.711    .       .    

 

  Bio     Lab10  All               0.803   0.95 1   0.166    .       .    

 

  Bio     Lab11  A1                1.101   1.102    .      0.850    .    

                 A2                0.814   1.046    .      1.008    .    

                 A3                0.863   1.238    .      1.316    .    

 

  Bio     Lab15  A0700415   P1      .      0.721    .       .       .    

                 A0700415   P2      .      1.161    .       .       .    

                 A0700419   P2     0.718    .       .       .       .    

                 A0700419   P3     0.778    .       .       .       .    



WHO/BS/07.2063  

Page 32 
 

Table A1.12 Estimates by immunoassay of the relative activity expressed as ng of 

primary calibrant equivalent (assumed to contain 1 mg PTH) to 1 ónominalô ng of 

the candidate standard, of the reference reagent 82/508 and of the  various in 

house reference preparations.  Estimates are given only for direct comparisons 

within the same assay or within the same plate where responses from different 

plates have not been combined.  

 

 

 

  assy    parti  asdate    plate    c01     c02      Rr      ih     ihk  

 

  Imm     Lab01  A1                0. 818    0. 802    1.132    1.143     .    

                 A2                0. 785    0. 841    1.106    1.106     .    

 

  Imm     Lab04  exp2       P1     0.739   0.806   3.334   1.842   9.236  

                 exp4       P1     0.749   1.020   0.434   0.764   1.620  

                 exp5       P1     0.505   0.420   0.073   0.055   0.706  

                 exp6       P1     1.044   0.733   0.262   0.113   0.563  

                 exp7       P1     0.993   0.832   0. 279   0.131   0.572  

 

  ImmE1   Lab16  070209     P1     0.990    .       .      2.057    .    

                 070426     P1     0.888    .       .      1.460    .    

 

  ImmE2   Lab16  070209     P1     2.080    .       .      2.320    .    

                 070426     P1     0.870    .       .      1.652    .    

                 070501     P1      .       .       .      2.073    .    

                 070209     P1     1.062    .       .      2.254    .    

                 070426     P1     0.892    .       .      1.582    .    

                 070501     P1      .       .       .      1.956    .    
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Table A1.13 Estimates by bioassay and immunoassay of the coded duplicate c02 in 

terms of the identical sample c01, and of the thermal degradation samples in 

te rms of the combined estimate for c01 and c02.  

 

ass y      parti    asdate    plate       c02       c20       c45       c56  

 

Bio       Lab01    A4         P1        0.90       .        1.14      1.44  

                   A5         P1        1.04       .        1.04      0.74  

                   A6         P1        0.38       .        0.87      0.78  

                   A8         P1        1.37       .        1.85      0.86  

 

Bio       Lab04    3          3B        0.50       .         .        3.12  

                   5          5BC       0.63       .        1.22      1.07  

                   6          6BC       1.46       .        1.41      1.41  

                   7          7x        1.88       .        0.45      0.58  

 

Bio       Lab07    061128     P1        2.8 6       .         .         .   

                   061130     P1        0.85       .         .         .   

                   061206     P1        1.11       .         .         .   

                   061208     P1        0.71       .         .         .   

 

Bio       Lab08    061114     1A        0.94       .         .         .   

                   061114     1B         .         .         .        0.87  

                   061114     1C         .         .         .        0.88  

 

Bio       Lab10    All                  1.18       .        0.79      1.01  

 

Bio       Lab11    A1                   1.00       .         .         .   

                   A2                   1.28       .         .         .   

                   A3                   1.43       .         .         .   

 

Imm       Lab01    A1                   0.98       .        1.03      1.05  

                   A2                   1.07       .        1.10      0.99  

 

Imm       Lab04    exp2       P1        1.09       .         .         .   

                   exp4       P1        1.36       .         .         .   

                   exp5       P1        0.83       .         .         .   

                   exp6       P1        0.70       .         .         .   

                   exp7       P1        0.8 4       .         .         .   

 

ImmE1     Lab16    070209     P1         .        0.90      1.00       .   

                   070209     P2         .         .         .        1.04  

 

ImmE2     Lab16    070209     P1         .        0.41      0.51       .    

                   070209     P2         .         .         .        1.04  

                   070502     P1         .        1.03      1.03       .   

                   070502     P2        1.00       .         .        0.99  

 

ImmE2b    Lab16    070209     P1         .        0.83      0.98       .   

                   070209     P2         .         .         .        1.06  

                   070502     P1         .        0.96      0.97       .   

                   070502     P2        0.98       .         .        0.99  
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Appendix 2 

 
 

Reported Results ï A2.1: Estimates of content of primary calibrant PRS0404 by amino acid analysis 

 

 

 

Laboratory 

No Method Sample 

Cont 

mg/vial Mean  

      

7 AAA PITC sample 1 0.990   

        PITC sample 2 0.970   

       OPA sample 3 1.040   

      

      

8 AAA  sample 1.1 0.972 0.958  

  1.2 0.943   

  sample 2.1 0.915 0.901  

  2.2 0.886   

  sample 3.1 0.906 0.898  

  3.2 0.890   

  sample 4.1 0.949 0.947  

  4.2 0.944   

  sample 5.1 0.895 0.894  

  5.2 0.892   

      

      

12 AAA  sample 1.1 1.080   

  1.2 1.077   

  sample 2.1 1.088   

  2.2 1.086   

  sample 3.1 1.075   

  3.2 1.073   

      

      

13 AAA  sample 1.1 0.959   

  1.2 0.962   

  1.3 0.959   

  sample 2.1 0.951   

  2.2 0.945   

  2.3 0.961   

  sample 3.1 0.949   

  3.2 0.951   

  3.3 0.947   
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Reported Results ï A2.2: Estimates of content of primary calibrant PRS0404 after U-V scan at 279 - 

281nm and assuming Ext Coeff of 1.34 
 

 

Laboratory No Method Sample 

Cont 

mg/vial 

     

3 UV Spec sample 1 0.999  

  sample 2 0.999  

     

     

7 UV Spec sample 1 1.007  

   1.007  

   1.003  

   sample 2 1.006  

   1.006  

   1.001  

  sample 3 0.978  

   0.978  

   0.961  

     

     

8 UV Spec sample 1 1.024  

  sample 2 0.972  

  sample 3 1.013  

  sample 4 0.975  

     

     

11 UV Spec  

      

0.746  

     

     

14 UV Spec sample 1 1.002  

  sample 2 1.011  

 Reconst in sample 3        0.996 

 water sample 4        0.990 

     

  candidate 04/200  

 Reconst in  sample 1       0.854 

 water sample 2       0.856 
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Reported Results ï A2.3: Estimates of purity of 04/200 and degradation samples by RP-HPLC 

                                                                           

    Laboratory No Method Sample 

             % Purity 

 

   Inj 1        Inj 2        Inj 3                 Mean  

        

2 HPLC sample G 96.54 96.42 96.36 96.44  

  sample H 97.81 97.85 97.82 97.83  

        

6 HPLC sample C 98.48 98.5    

  Sample F 98.5 98.5    

  Sample G 94.2 94.5    

  sample H 96.14 96.2    

        

7 HPLC sample C 99.14 99.186 99.135 99.15  

  sample F 99.035 99.104 99.147 99.1  

  sample B 94.531 94.757 94.654 94.64  

        

8 HPLC sample C 98.7     

  sample F 98.8     

  sample E 98.7     

  sample A 97.9     

  sample G 93.7     

  sample H 96.4     
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Reported Results ï A2.4: Estimates of content of 04/200 and degradation samples by RP-HPLC, 

relative to primary calibrant PRS0404, assuming 1mg/vial 

 

Laboratory 

No Method Sample Cont mg/amp Mean         

             

1 HPLC sample A 0.896          

 Assay 1 sample C 0.889      

  sample F 0.886   

      

  sample A(-20) 0.908          

          Assay 

2 sample C(-20) 

0.895          

  sampleF(-20) 0.904          

             

             

2 HPLC sample C1 0.870 0.867   

  sample C2 0.864   

  sample F1 0.871 0.872  

  sample F2 0.873   

  sample G 0.825 0.825         

  sample H 0.841 0.841         

             

             

3 HPLC sample B1 0.897 0.927         

 Assay 1 sample B2 0.958          

  sample C1 1.014 0.980         

  sample C2 0.946          

  sample D1 0.883 0.887         

  sample D2 0.891          

  sample F1 1.025 1.025         

  sample F2 1.025          

             

  sample B1 0.859 0.880      

  sample B2 0.901      

  sample C1 0.914 0.914     

  sample C2 0.914      

  sample D1 0.823 0.826     

  sample D2 0.818      

  sample F1 0.943 0.955     

  sample F2 0.966      

             

             

 Assay 2 sample B1 0.844 0.882         

  sample B2 0.800          

  sample C1 0.881 0.864         

  sample C2 0.848          

  sample D1 0.787 0.784         

  sample D2 0.782          

  sample F1 0.882 0.897         

  sample F2 0.913          
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  sample B1 0.837 0.836      

  sample B2 0.836      

  sample C1 0.873 0.871     

  sample C2 0.868      

  sample D1 0.777 0.776     

  sample D2 0.775      

  sample F1 0.907 0.905     

  sample F2 0.903      

             

             

4 Assay 1 sample B1 0.862          

  sample B2 0.851          

  sample C1 0.870          

  sample C2 0.951          

  sample D1 0.802          

  sample D2 0.820          

  sample F1 0.919          

  sample F2 0.888          

             

 Assay 2 sample B1 0.908          

  sample B2 0.911          

  sample C1 0.889          

  sample C2 0.969          

  sample D1 0.815          

  sample D2 0.877          

  sample F1 0.877          

  sample F2 0.963          

             

             

5 Assay 1 sample B1.1 0.840          

  sample B1.2 0.816          

  sample C1.1 0.879          

  sample C1.2 0.884          

  sample D1.1 0.724          

  sample D1.2 0.713          

  sample F1.1 0.882          

  sample F1.2 0.893          

             

 Assay 2 sample B2.1 0.801          

  sample B2.2 0.806          

  sample C2.1 0.866          

  sample C2.2 0.865          

  sample D2.1 0.703          

  sample D2.2 0.696          

  sample F2.1 0.863          

  sample F2.2 0.856          

             

             

6 Assay 1 sample  C1 0.882     

  sample  F1 0.876    

  sample  G1 0.817    

  sample  H1 0.854    
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 Assay 2 sample  C2 0.931    

  sample  F2 0.928    

  sample  G2 0.835          

  sample  H2 0.876          

             

             

             

7 Assay 1 sample B1 0.827          

 Method 1  0.829 0.827         

   0.826          

  sample C1 0.876          

   0.875 0.876         

   0.875          

  sample F1 0.865          

   0.865 0.865         

   0.866          

             

 Assay 1 sample B2 0.830          

 Method 2  0.831 0.830         

   0.828          

  sample C2 0.886          

   0.884 0.885         

   0.885          

  sample F2 0.884          

   0.883 0.883         

   0.883          

             

             

8 Assay 1 sample A1 0.850          

  sample C1 0.870          

  sample E1 0.860          

  sample F1 0.860          

  sample G1 0.830          

  sample H1 0.840          

             

 Assay 2 sample A2 0.850          

  sample C2 0.870          

  No E2           

  sample F2 0.870          

  sample G2 0.830          

  sample H2 0.840          

             

             

9 Assay 1 sample B1 0.924          

  sample B2 0.927          

  sample C1 0.955          

  sample C2 0.954          

  sample D1 0.828          

  sample D2 0.842          

  sample F1 0.983          

  sample F2 0.966          
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   AUC          

10 Assay 1 PRS0404 R1 16963734       

  R2 25167021      

  B1 24171451       

  B2 19310248          

  B4 21543370          

  C1 22241420       

  C2 17000160      

  C3 20945320      

  C4 31431612      

  D1 23204147       

  D2 28909562      

  D4 25665569      

  F1 25853738       

  F2 29478557      

  F3 24191863      

  82/508 S1 681451       

  S2 844535      

             

             

   Peak Height (cm)          

11  PRS0404 8.700       

  A 15.200      

  C 14.800      

  F 15.700      

             

             

14   sample A1 0.836       

  sample A2 0.828      

  sample B1 0.745      

  sample B2 0.783      

  sample C1 0.856          

  sample C2 0.868          

  sample D1 0.692          

  sample D2 0.693          

  sample E1 0.819          

  sample F1 0.837          

  sample F2  0.875          

             

             

15  sample C1 0.863          

  sample C2 0.861          

  sample F1 0.872          

  sample F2 0.847          

  sample G1 0.831          

  sample G2 0.814          

  sample H1 0.866          

  sample H2 0.840          
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Appendix 3.1 

WHO INTERNATIONAL COLLA BORATIVE STUDY OF  THE PROPOSED 1ST 

INTERNATIONA L STANDARD FOR PARATHYROID HORMONE 1 -34, 

RECOMBINANT, HUMAN, 04/200  

 

STUDY PROTOCOL ï Version 2 

 

INTRODUCTION 

 

Human PTH 1-34 is the N-terminal, biologically active fragment of parathyroid hormone.  

It has been approved in the USA and Europe as a treatment for osteoporosis with the 

advantage that, unlike other osteoporosis treatments that have an anti-resorptive mode of 

action, hPTH 1-34 actually promotes an increase in bone mineral density.  Although there 

have been NIBSC reference preparations of hPTH 1-34 available for distribution to 

researchers for >25 years, there is currently no World Health Organization (WHO) 

international reference reagent for this material.   

 

A preparation of recombinant hPTH 1-34 (rhPTH 1-34) has been donated to the WHO and 

distributed into ampoules (Code No. 04/200) at NIBSC as a candidate reference preparation 

(1).  A primary calibrant of rhPTH 1-34 (PRS0404) has also been prepared, unformulated, 

from the same batch of material as used for the candidate standard.  It is proposed to carry 

out an international collaborative study to establish the new standard in a two-phase study 

in which, firstly, the primary calibrant is value-assigned by amino acid analysis in 

mass/molar units and then, secondly, this value is used to calibrate the candidate standard 

using HPLC, immunoassay and bioassay.   

 

The aims of the study, therefore, are:  

Phase 1 - to assign a mass/molar value to the primary calibrant PRS0404 by amino-acid 

analysis and, in addition, by U-V spectroscopy; 

Phase 2 ï following value-assignment of the primary calibrant, to calibrate the preparation, 

04/200, in terms of the primary calibrant by HPLC, immunoassay and bioassay; and to 

establish correlation with existing working standards for hPTH 1-34. 

 

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

accelerated degradation samples are only available in limited numbers). 

 

Table 1. 

hPTH 1-34 preparation 

 

Ampoule unitage/nominal content 

Primary calibrant 

PRS0404 

 

Assigned 1.0 mg rhPTH 1-34 per 

ampoule 

(unformulated) 

Candidate standard 04/200 stored at -20 C Nominally 1.0 mg rhPTH 1-34 plus 10 

mg trehalose 

Accelerated thermal degradation (ATD) samples 

of 04/200 stored at +4C, +20C, +37C, +45 C 

and +56C                   

Content assumed identical to 04/200 

PTH 1-34 82/508 

Human-type, synthetic 

355 Units; nominally 10 microgram PTH 

1-34 plus 2 mg mannitol 
 

 

 

TESTS REQUESTED  

 

Phase I 

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

PRS0404 

 

Participants are requested to derive estimates of the rhPTH 1-34 content of the primary 

calibrant PRS0404* by amino acid analysis following the enclosed protocol as closely as is 

practicable.  From three to five vials of the primary calibrant have been provided and 

participants are asked to carry out three analytical runs for each vial.  In order to determine 

the molar extinction coefficient, participants are also requested to measure the UV 

absorption following the enclosed protocol.  

 
*Handling - The rhPTH 1-34 in the lyophilized state is hygroscopic and the moisture content of the lyophilized 

powder is affected by changes in ambient humidity.  The recommended storage is at -20°C.  Prior to opening, the 

vial should be allowed to warm to room temperature to minimize any condensation of moisture on opening.  If 

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

 

 

Phase II  

HPLC for purity evaluation and assay of candidate standard, 04/200  
 

Using the assigned value of 1.0 mg per vial for the primary calibrant PRS0404 derived 

from Phase I, participants are asked to provide, in duplicate, estimates of purity and rhPTH 

1-34 content of the candidate ampouled preparation, 04/200, by comparison with PRS0404, 

following the enclosed HPLC protocols as closely as is practicable.  
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Bioassay and Immunoassay of candidate standard, 04/200 

 

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.   
 

Candidate rhPTH (04/200) and its degradation samples are coded A, B, C, D, E, F, G and H 

and contain nominally 1.0 mg rhPTH 1-34 per ampoule.  The primary calibrant PRS0404 is 

assigned a value of 1.0 mg per vial and NIBSC reference preparation 82/508 can be 

assumed to contain 10 ɛg PTH 1-34 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 for all preparations is 

therefore suggested. 

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 the form of clearly annotated optical densities, counts, 

etc. for central computation at NIBSC.  Participantsô 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 Tech Rep Ser No 800, 1990 181-214. 
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For further information, please contact: 

 

Brian Rafferty 

National Institute for Biological Standards and Control 

Blanche Lane, South Mimms 

Potters Bar, Herts.  EN6 3QG 

UK 

Tel:  44 (0) 1707 641243 

Fax: 44 (0) 1707 641057 

e-mail: brafferty@nibsc.ac.uk 

http://www.nibsc.ac.uk 

 

 

Participants in the study are advised to take note of the disclaimers in the óInstructions for 

Useô 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 3.2 

 

WHO INTERNATIONAL COLLA BORATIVE STUDY OF  THE PROPOSED 1ST 

INTERNATIONA L 

STANDARD FOR PARATHYROID HORMONE 1 -34, RECOMBINANT, HUMAN, 

04/200  

 
DETERMINATION OF THE  AMINO ACID COMPOSITI ON OF RECOMBINANT 

HUMAN PARATHYROID HO RMONE 1-34 PRIMARY CALIBRANT PR S0404 

 

 

METHOD USE: Identification, Control 

ANALYTE(S): Amino Acids 

MATRIX:   Drug Substance 

 

ABSTRACT:  This method is used to confirm the amino acid composition and to determine 

the protein content of a recombinant Human Parathyroid Hormone 1-34 (rPTH) sample.  

The sample is hydrolyzed using 6N HCl, with the addition of a small amount of phenol, for 

24 ± 4 hours at 110 ± 5°C.  After hydrolysis the sample is placed in a Beckman 6300 series 

amino acid analyzer.  The individual amino acids are separated on a sodium high 

performance column then derivatized with ninhydrin for detection at 440 and 570 nm. 

 

CAUTION:   Detailed hazard information for the item to be tested should be obtained from 

the Material Safety Data Sheets.  It is also recommended that the analysts refer to hazard 

statements from the manufacturer(s) for handling all chemicals and reagents associated 

with this method. 

1. EQUIPMENT AND MATERIALS  

a. Equipment 

1) Beckman System 6300 Amino Acid Analyzer, equipped with a 12-cm sodium 

high performance column, dual wavelength detector (440 and 570 nm), and 

50 µL sample loop. 

2) Hydrolysis work station, for example Water's Pico TagÊ 

3) Reaction vials, for example Water's #07363 

4) Hydrolysis tubes, for example Corning #9820 

5) 0.22 µm low protein binding filter - for example, Gelman #4192 

Preparation of Glassware: 

All glassware must be rinsed with 6N HCl and then rinsed with ammonia-free 

acetone before use.  Hydrolysis tubes may be pyrolyzed (heating at 

approximately 450°C) for at least 4 hours in a Pyrex beaker.  Pyrolyzed tubes 

should be stored inverted and covered with a double layer of aluminum foil. 

Preparation of Sample Loops: 

All sample loops, after each use, must be washed with ethanol and then rinsed 

with ammonia-free acetone and dried. 
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b. Materials 

1) Na-DÊ High Performance Buffer, for example, Beckman #338056 

2) Na-EÊ High Performance Buffer, for example, Beckman #338057 

3) Na-FÊ High Performance Buffer, for example, Beckman #338058 

4) Na-SÊ High Performance Buffer, for example, Beckman #338083 

5) Na-RÊ High Performance Buffer, for example, Beckman #338085 

6) Nin-RxÊ High Performance Ninhydrin Reagent for example, 

Beckman #338059 

7) Amino Acid Standard for Hydrolysate Analysis, for example, 

Beckman #338088 

8) DL-Norleucine, for example, Sigma #N1398 

9) Purified water, for example, Milli-Q® 

10) 6N Hydrochloric Acid (HCl), reagent grade 

11) 0.01N Hydrochloric Acid (HCl), reagent grade 

12) 95% Ethanol, USP 

13) Ammonia-free acetone, spectrometric grade 

14) Methanol, spectrometric grade 

15) Nitrogen 

16) Helium, chromatography grade 

17) Phenol crystal, reagent grade 

All sodium buffers should be stored refrigerated and discarded at expiry. 

Ninhydrin should be stored at room temperature and discarded at expiry. 

2. STANDARD AND SAMPLE PREPARATION  

a. Standard Preparation 

1) Internal Standard Preparation 

a) Prepare a 250 nmoles/mL stock internal standard solution.  For example, 

dissolve 13.1 mg of DL-Norleucine in 400 mL of Na-SÊ.  Keep 

refrigerated.  Discard Na-SÊ after six months or at expiry. 

b) Prepare a diluted internal standard solution (50 nmoles/mL).  For example, 

dilute 20 mL of stock internal standard solution with Na-SÊ to 100 mL in 

a volumetric flask.  Keep refrigerated.  Discard after one month.  NOTE:  

The stock and diluted internal standard solutions are used as a set.  

Changing the stock internal standard solution necessitates preparation of 

new diluted internal standard solution. 
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2) Stock Amino Acid Standard Preparation 

Prepare a 250 nmoles/mL stock amino acid standard solution.  For example,  

dilute 1.0 mL of amino acid standard solution (Beckman #338088) with 

Na-SÊ in a 10 mL volumetric flask.  Keep refrigerated.  Discard after one 

month. 

3) Working Amino Acid Standard Preparation 

Prepare four amino acid standard solutions from the stock amino acid standard 

solutions.  All four standards will contain 50 nmoles/mL of internal standard.  

Dilute all to mark with Na-SÊ.  Keep refrigerated.  Discard after one month.  

The recommended dilutions are shown in the following table. 

 

 

Amino Acid Concentration 

Volume of 

Stock Amino 

Acid 

Volume of 

Stock 

Internal 

 

Volumetric 

Flask 

25 nmoles/mL 1.0 mL 2.0 mL 10 mL 

50 nmoles/mL 1.0 mL 1.0 mL 5 mL 

100 nmoles/mL 2.0 mL 1.0 mL 5 mL 

200 nmoles/mL 4.0 mL 1.0 mL 5 mL 

 

b. Sample Preparation 

Refer to the PicoTagÊ operator's manual for specific instructions on the operation 

of the hydrolysis work station. 

1) Each bulk is sampled in triplicate. 

2) Prepare a 0.5-1.0 mg protein/mL solution with 0.01N HCl.  Transfer 125 µL 

each of a single sample to three hydrolysis tubes. 

3) Place hydrolysis tubes in a reaction vial and evaporate samples to dryness. 

4) Carefully place 1 mL of 6N HCl and 10 µL of phenol (melted crystal) in the 

bottom of the reaction vial.  Do not introduce any of the acid or phenol into the 

hydrolysis tubes. 

5) Evacuate the reaction vial until the vacuum reaches 1-2 torr and the HCl begins 

to bubble.  Close the vacuum valve, and purge with nitrogen.  Repeat this 

procedure three times leaving a vacuum on the reaction vial at the end. 

6) Hydrolyze samples in the work station oven for 24 ± 4 hours at 110 ± 5°C. 

7) After hydrolysis remove the reaction vial from the oven and allow it to cool.  

Evaporate samples to dryness. 

8) Add the appropriate amount of diluted internal standard solution to each 

hydrolysis tube and vortex.  Filter the sample through a 0.22 µm filter.  The 

amount of internal standard injected onto the column must be equal for the 

standards and sample.  In our example, 400 µL of a 50 nmoles/mL solution is 

added to each hydrolysis tube. 

9) Load the samples and standards into the Beckman sample loops and begin the 

chromatographic analysis. 
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3. SAMPLE ANALYSIS  

a. Operating Conditions 

1)  Sample Analysis Program:  Standard Hydrolysate Program (Table 1) 

Table 1:  Standard Hydrolysate Program 

(Values may change depending on optimization of instrument) 

Function Value 

B1 (Na-E) 67.0 minutes 

B2 (Na-F) 23.8 minutes 

B3 (Na-D) 36.0 minutes 

B6 (Na-R) 66.0 minutes 

T1 65.0 minutes 

T1 48.0°C 

T2 11.0 minutes 

T2 65.0°C 

T3 34.0 minutes 

T3 77.0°C 

Reag 68.0 minutes 

Solv 65.0 minutes 

Read Data 78.0 minutes 

Recy 80.0 minutes 

Link 0.1 minutes 

Flow 14.00 mL/hour 

 

Instrument Parameters 

Par 1 0.82 minutes 

Par 2 343.1 

Par 3 35.2 

Par 4 3000 psig 

Par 5 50 

Par 6 25 minutes 

Par 7 3.00°C/minute 

2) Column:  Beckman 12 cm sodium column, or equivalent 

3) Injection Volume:  50 µL 

4) Detector:  440 nm and 570 nm (sum) 
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b. System Suitability 

The resolution between the threonine and serine peaks should be 1.0 for the 

100 nmoles/mL standard.  If the resolution is < 1.0, change the buffers, ninhydrin, 

or column.  Resolution is calculated using the following equation: 

Resolution  =  
2(t2 t1)

W1 W2

 

where t1 and t2 are the retention times of threonine and serine, and W1 and W2 are 

peak widths. 

c. Analysis Procedure 

1) The four working amino acid standards are run. 

2) Bulk drug sample or new working reference standard is run. 

3) A reference standard is run. 

4. DATA ANALYSIS  

Calculations 

a.  Integrate all peaks for each injection.  The amino acid elution order is listed in Table 

2.  Peak identification in an amino acid standard versus rPTH sample is shown in 

Figure 1. 

Table 2:  Amino Acid Elution Order 

 

Asx 

Thr 

Ser 

Glx 

Pro 

Gly 

Ala 

Cys 

Val 

Met 

Ile 

Leu 

Norleucine 

Tyr 

Phe 

His 

Lys 

Ammonia 

Arg 

b. A least-squares calibration curve of the standard peak areas versus the standard peak 

concentrations (nmoles/mL) is constructed for each amino acid and ammonia.  

Review the standard curve data.  If the correlation coefficient is less than 0.9900 for 

any peak (excluding ammonia), the integration should be reviewed and any action 

taken should follow standard operating procedures. 
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c. The concentration (nmoles/mL) for each amino acid residue is obtained from its 

corresponding calibration curve. 

d. The total nmoles in the sample for each amino acid is determined using the 

following equation: 

molar amino acid content (nmoles/ mg) =    Dilution Factor
nmoles

mL
 

Dilution Factor =  
reconstitution volume ( L)

dry down volume ( L)
  

sample dilution volume (mL)

sample weight (mg)
 

(Example Dilution Factor)      3.2 =  
400 L

125 L
  

5 mL

5 mg
 

NOTE:  This equation is used for bulk material.  If the sample is vialed material, 

sample weight (mg) is replaced by vial and the units in the result becomes 

nmoles/vial. 

e. The mean molar amino acid content (nmoles/mg) for each amino acid residue from 

each triplicate sample hydrolyzate is calculated. 

f. The protein content in the sample is determined by averaging the results for five 

amino acid residues:  Asx, Glx, Leu, Lys and Arg.  The protein content for each 

amino acid is calculated using the following equation: 

protein content (mg protein/ mg sample weight =  
          

         
mean nmoles/ mg of AA

theoretical number of AA
x Factor 3

 

Factor 3  =  molecular weight x 10 -6 

rPTH Factor 3 = 0.004118 

NOTE:  This equation is used for bulk material.  If the sample is vialed material, the 

units in the result are mg protein/vial. 

g. The number of amino acid residues is calculated for each amino acid by: 

number of amino acid residues =  
nmoles/ mg of an amino acid  Factor 3

mg protein
 

h. The "normalized" number of amino acid residues is determined with a correction 

value obtained from the ratio of actual number of amino acid residues to theoretical 

number of amino acid residues for Asx, Glx, and Leu data.  The theoretical amino 

acid composition for rPTH is presented below. 

Theoretical Amino Acid Composition of rPTH 

 

Amino Acid 

 

Asx 

 

Thr 

 

Ser 

 

Glx 

 

Pro 

 

Gly 

 

Ala 

 

Cys 

 

Val 

# of Residues 4 0 3 5 0 1 0 0 3 

          

Amino Acid Met Ile Leu Tyr Phe His Lys Arg  

# of Residues 2 1 5 0 1 3 3 2  
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5. TABLES AND FIGURES 

Standard

rPTH Sample

 

Figure 1.  Amino Acid Peak Identification 
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Appendix 3.3 

WHO INTERNATIONAL COLLABORATIVE STUDY OF THE PROPOSED 1ST 

INTERNATIONAL STANDARD FOR PARATHYROID HORMONE 1 -34, 

RECOMBINANT, HUMAN, 04/200  

 

DETERMINATION OF RHP TH(1-34) PROTEIN CONTENT OF  PRIMARY 

CALIBRANT  PRS0404 BY UV SPECTROSCOPY 

 

 

Method use: Control 

Analyte(s): rhPTH(1-34) 

Matrix:rhPTH(1-34), lyophilized sample (ie; prepared reference standard) 

 

ABSTRACT:  This method utilizes ultraviolet spectroscopy (UV) to determine the amount 

of protein present in rhPTH(1-34) samples.  Sample analysis involves scanning the sample 

from 400 to 240 nm and reading the absorbance (Amax) for each sample at the wavelength 

of maximum absorbance (max, typically 280 + 2 nm). The final absorbance value (Afinal) 

accounts for light scattering by determining the absorbance at 320 nm (A320), and is 

calculated by subtracting this value from Amax.  The sample protein content is determined 

based on the light scatter corrected absorbance value, the extinction coefficient for 

rhPTH(1-34), and any applicable dilution factor.  This method is not stability indicating. 

 

CAUTION:   Detailed hazard information for the item to be tested should be obtained from 

the Material Safety Data Sheets.  It is also recommended that the analysts refer to hazard 

statements from the manufacturer(s) for handling all chemicals and reagents associated 

with this method. 

1. EQUIPMENT AND MATERIALS  

a. Equipment 

1) A spectrophotometer capable of scanning from 400 nm to 240 nm (For 

example, Beckman DU640i or validated equivalent). 

2) 1-cm path length quartz cuvette rated for this region.  Note:  If using limited 

volume cuvettes (1 mL), use cuvettes with black colored quartz on edges. 

(Hellma cat.  104-B-QS, or equivalent).     

3) Volumetric pipettes 

4) Disposable glass transfer pipettes 

b. Materials 

1) 0.01N Hydrochloric acid, reagent grade or equivalent  

2. STANDARD AND SAMPLE PREPARATION  

Standards and samples are stable for at least 72 hours when held at room temperature. 

a. System Suitability Sample Preparation 

1) 0.01N Hydrochloric acid is used for the system suitability determination  
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b. Sample Preparation 

1) Lyophilized vialsðusing volumetric glassware, reconstitute with 0.01N HCl to 

give a concentration of 0.5 mg/mL, +20%.  

3. SAMPLE ANALYSIS  

a. Operating Conditions 

1) Turn on the UV and Vis lamps within the spectrophotometer and allow them to 

warm up for the time recommended by the manufacturer in the operating 

manual. 

2) Analysis volumes may vary depending on the size of cuvette used.  In all cases, 

a 1-cm path length cell must be used. 

3) Analysis temperature:  ambient conditions (15-30
o
C). 

4) Use the Scan function to read from 400 to 240 nm at a rate of 1200 nm/min.  For 

photodiode array instruments, the scan rate does not apply. 

5) Conduct the blank reading using 0.01N HCl. 

6) Empty the cuvette; rinse first with water then with methanol.  Dry with air and 

add sufficient volume of sample to the cuvette to conduct analysis. 

7) Scan the sample solution from 400 to 240 nm at a rate of 1200 nm/min.  For 

instruments with photodiode array detectors, the scan rate does not apply. 

8) Determine the absorbance (Amax) at the maximum wavelength (max) of the 

solution.  ( max typically = 280 + 2 nm). 

9) Determine the absorbance at 320 nm (A320).  This will be used to calculate the 

light scatter correction for Amax. 

b. System Suitability 

1) Blank the instrument in scanning mode from 400 to 240 nm with 0.01N HCl.  

The absorbance measurement of the blank must not be greater than +0.020 AU 

at 277-283 and 320 nm.  If not, repeat the blank using fresh 0.01N HCl, clean 

cuvette as described in section 3. a. 6), and recheck. 

 

4. DATA ANALYSIS  

For rhPTH(1-34) protein content calculations, the extinction coefficient (ErhPTH(1-34)) at 

280 nm is 1.34 (mL)(mg)
-1

(cm)
-1

.   

a. Determination of Protein Content 

1) Calculate the final absorbance (Afinal) value according to the following equation: 

Afinal = Amax-A320 

2) Calculate the protein content for the RHPTH(1-34) sample: 
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rhPTH(1-34) ( g/vial) =
  Reconstitution Volume, mL *  Afinal           11000 g 

       
(ErhPTH(1-34)) * (1 cm) * (1 vial)                            1 mg 

 

 

rhPTH(1-34) ( g/mL) =         Afinal        1000 g D.F.DF 

       ErhPTH(1-34)*(1cm)        1 mg 

D. F. = Dilution factor 

 

b. Data Acceptance Criteria  

1) System suitability must be demonstrated prior to sample analysis. 

2) A320 must be less than +0.02 AU for control or sample readings.  If absorbance 

values outside this range are observed, the spectrophotometer should be 

blanked again, and system suitability demonstrated before proceeding with 

analyzing samples. 

c. Data Reporting Criteria 

1) The acceptance criteria must be met in order to report the data. 

2) The calculated result in micrograms/milliliter (g/mL) or g/vial should be 

reported to the nearest microgram. 

 

*  

*  *
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Appendix 3.4 
 

WHO INTERNATIONAL COLLA BORATIVE STUDY OF  THE PROPOSED 1ST 

INTERNATIONA L STANDARD FOR PARATHYROID HORMONE 1 -34, 

RECOMBINANT, HUMAN, 04/200  

 

HPLC DETERMINATION O F PURITY OF rhPTH (1-34), 04/200  

 

 

ABSTRACT : This method uses a gradient high-performance reversed-phase liquid 

chromatograph (HPLC) separation procedure coupled with UV absorbance detection for 

determining the purity of rhPTH(1-34). Purity determination of rhPTH(1-34) is based on a 

peak area vs. total area calculation. 

 

1. EQUIPMENT AND MATERIALS  

a. Equipment 

1) A gradient high performance liquid chromatograph equipped with a variable 

wavelength UV detector, loop injection valve, an appropriate integration 

device, and a refrigerated auto-sampler 

2) Column:  Zorbax 300SB-C18, 4.6 mm i.d.  15 cm, 3.5 micron particle size 

3) Analytical balance 

4) pH Meter calibrated with pH buffers that bracket the desired pH 

5) Stir plate for stirring mobile phase 

b. Materials 

1) Acetonitrile (ACN), HPLC grade 

2) Sodium sulfate anhydrous, Na2SO4, reagent grade 

3) Phosphoric acid 85%, reagent grade 

4) Purified water 

5) Sulfate buffer, 0.2M, pH 2.3 

For example:  Dissolve 28.4 g of sodium sulfate per liter of water.  Adjust the 

pH to 2.3 with 85% phosphoric acid (about 2 mL per liter).  Filter if desired.  If 

necessary, sodium hydroxide can also be used to adjust the pH. Sulphate Buffer 

is good for 4 weeks. 

6) Mobile Phase A and sample solvent 

Mix 10 parts of acetonitrile and 90 parts of 0.2M sulfate buffer [prepared in 

section 1.b.5].  Degas if desired.  Continuously stir mobile phase during the 

assay. Mobile Phase A is good for 4 weeks 

7) Mobile Phase B 

Mix 50 parts of acetonitrile and 50 parts of 0.2M sulfate buffer [prepared in 

section 1.b.5].  Degas if desired.  If the sodium sulfate precipitates, light heat 
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and continued stirring may be required.  The sodium sulfate should not 

re-precipitate if this exercise is followed. Continuously stir mobile phase during 

the assay. Mobile Phase B is good for 4 weeks 

8) Mobile Phase B - Alternate Preparation 

Mix 45 parts of acetonitrile and 55 parts of 0.2M sulfate buffer [prepared in 

section 1.b.5].  Degas if desired.  If the sodium sulfate precipitates, light heat 

and continued stirring may be required.  The sodium sulfate should not 

re-precipitate if this exercise is followed. Continuously stir mobile phase during 

the assay. Mobile Phase B is good for 4 weeks 

2. STANDARD AND SAMPLE PREPARATION  

a. System Suitability Preparation 

A degraded sample is recommended for system suitability.  The system suitability 

sample should be diluted to approximately the same concentration as the samples 

using mobile phase A [1.b.6].  An example of a system suitability chromatogram is 

shown in Figure 1. System suitability is stable for 48 hours when stored refrigerated 

The system suitability sample should contain approximately 0.8% of the first post- 

main peak.  The system suitability sample may be prepared by adjusting the pH of a 

0.5 mg rhPTH(1-34)/mL solution to pH 3.0 using 5N HCl.  Incubate the sample at 

50 C for 9 days.  The sample may be aliquotted and stored for future use. 

b. Sample Preparation 

Prepare one sample to a concentration of approximately 700 µg of 

rhPTH(1-34)/mL.  The sample is dissolved in the sample solvent described above in 

section [1.b.6].  Samples are stable for not more than 48 hours when stored at 

refrigerated temperature in a properly sealed container. 

3. SAMPLE ANALYSIS  

a. Operating Conditions 

1) Flow rate:  1.0 mL/min. 

2) Injection volume:  20 µL 

3) Column temperature:  40C 

4) Refrigerated autosampler maintained at approximately 5C 

5) Run Time:  45 min. including 10 min re-equilibration period. 

6) Detection:  UV at 214 nm 

7) Approximate retention time of rhPTH(1-34):  1400 seconds (23.33 minutes). 

8) Gradient profile [using mobile phase B in 1.b.7, 50% ACN and 

50% 0.2M Sulfate]: 

Time (min.) A(%) B(%) 

0 100 0 

5 65 35 

35 60 40 



                 WHO/BS/07.2063  

                                                                                                                            Page 57 

45 0 100 

 

9) Gradient profile - [using Alternate mobile phase B in 1.b.8, 45% ACN and 

55% 0.2M Sulfate] 

Time (min.) A(%) B(%) 

0 100 0 

5 60 40 

35 54 46 

45 0 100 

 

b. System Suitability 

1) Inject the suitability sample.  Three separate portions of the chromatogram 

should be integrated to determine peak height:  1) the main peak 

[rhPTH(1-34)]; 2) a peak of zero area that corresponds to the lowest height of 

the valley between the main and the first post-main peaks; and 3) the first post-

main peak.  See Figure 2 for a typical chromatogram. 

2) USP peak tailing should be monitored as an indication of column performance.  

Tailing of the main peak must be 2.0 for this assay, where tailing is defined 

as: 

2f

w
  T  

 

where w is the peak width measured at 5% of the peak height and f is the 

distance from peak start to the peak maximum at 5% of the peak height. 

3) Resolution of the peaks eluting close to the main peak is essential.  Resolution 

must be 1.5.  Resolution for this method is defined as the ratio of the first 

post-main peakôs height and the valley between the main peak and this peak 

R
h

v  

where h is the height of the first post-main peak and v is the valley height 

above the baseline (valley between the main peak and the first eluting related 

substance).  See Figures 1 and 2 for examples of acceptable resolution. 

4) The mobile phase composition may be adjusted in order to obtain the proper 

retention time and satisfactory resolution of impurities eluting close to the main 

peak.  The mobile phase B (%) at 5 and 35 minutes should be changed to alter 

the retention time.  For example, [if mobile phase in 1.b.7 used]: 

Time (min.) A(%) B(%) 

0 100 0 

5 61 39 

35 56 44 

45 0 100 
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c. rhPTH(1-34) Purity Determination 

1) Make an injection of each sample and obtain the chromatogram for each item.  

Also inject a mobile phase A blank. 

2) Integrate all peaks in the chromatogram except those representing the sample 

solvent (void volume), and record their individual area response (IAR).  

Figures 3-4 contain integration examples. 

3) Repeat injection of a system suitability sample after all samples have been 

injected.  If a large number of samples will be analyzed, the same system 

suitability sample should be injected at least every 15 sample injections.  This 

check should meet criteria for a system suitability sample.  If the  system 

suitability check does not pass, the samples in the affected bracket must be 

rejected. 

4. DATA ANALYSIS  

a. Calculations 

1) Calculate the total area response for all integrated peaks in the chromatogram 

by adding all the IARs. 

2) Calculate main peak: 

rhPTH(1-34) Main Peak Purity (%) = (IAR rhPTH(1-34) main peak /  IARs) 

 100 
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5. FIGURES 

LY333334

 
 

Figure 1.  Example of System Suitability Sample Displaying Adequate Resolution around 

the Main Peak 

 

Valley

Height

 
 

 

Figure 2.  Expanded View of the System Suitability Sample and the Height and Valley 

Regions of the Chromatogram 
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Figure 3.  Integration Example for Drug Substance 
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Figure 4.  Integration Example for Drug Substance 
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Appendix 3.5 
 

WHO INTERNATIONAL COLLA BORATIVE STUDY OF  THE PROPOSED 1ST 

INTERNATIONA L STANDARD FOR PARATHYROID HORMONE 1 -34, 

RECOMBINANT, HUMAN, 04/200  

 

HPLC ASSAY OF rhPTH(1-34), 04/200, USING PRS0404 AS REFERENCE 

STANDARD 

 

 

ABSTRACT:  This method determines the amount of rhPTH(1-34) by high-performance 

liquid chromatography (HPLC) with UV absorbance detection.  The method utilizes 

external standard technique for quantitation by a single-point calibration curve of rhPTH(1-

34). 

1. EQUIPMENT AND MATERIALS  

a. Equipment 

1) An isocratic high performance liquid chromatograph (HPLC) equipped with a 

variable wavelength UV detector, loop injection valve, an appropriate 

integration device, and a refrigerated autosampler. 

2) Column:  Zorbax 300SB-C18, 4.6 mm i.d. x 15 cm, 3.5 micron particle size or 

validated equivalent 

3) Microbalance capable of weighing from 1 to 10 mg with 0.1 resolution 

capability 

4) pH Meter calibrated with pH buffers that bracket the desired pH 

b. Materials 

1) Acetonitrile (ACN), HPLC grade 

2) Sodium sulfate anhydrous, Na2SO4, reagent grade 

3) Phosphoric Acid 85%, reagent grade 

4) Stir plate 

5) rhPTH(1-34) reference standard PRS0404 

6) Purified water 

7) Sulfate buffer, 0.2M, pH 2.3 

 For example, dissolve 28.4 g of sodium sulfate per liter of water.  Adjust the 

pH to 2.3 with 85% phosphoric acid (about 2.0 mL per liter).  Filter if desired.  

If necessary, sodium hydroxide can also be used to adjust the pH. 

8) Mobile phase 

75% Sulfate Buffer:25% ACN 

For example, prepare one liter of mobile phase by mixing 250 mL of ACN with 

750 mL of the buffer and degassing.  This solution may be prepared in whole 

or fractional increments of the prescribed amounts.  Continuously stir mobile 

phase during the assay. 
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             9)   Mobile phase preparation- Alternative Method 

Two solutions may be prepared for use with binary gradient HPLC pumps: 

Mobile Phase ñAòð90:10 Sulfate buffer, 0.2M, pH 2.3:ACN 

For example, prepare one liter of mobile phase by mixing 100 mL of ACN with 

900 mL of buffer and degassing.  Degassing is optional if an in-line degasser is 

used.  This solution may be prepared in whole or fractional increments of the 

prescribed amounts. 

Mobile Phase ñBòð50:50 Sulfate buffer, 0.2M, pH 2.3:ACN 

For example, prepare one liter of mobile phase by mixing 500 mL of ACN with 

500 mL of buffer and degassing. Degassing is optional if an in-line degasser is 

used.  This solution may be prepared in whole or fractional increments of the 

prescribed amounts.  If the sodium sulfate precipitates, a treatment of low heat 

and continued stirring may be required.  The sodium sulfate will not 

re-precipitate after this exercise. 

Continuously stir mobile phase during the assay. 

2. STANDARD AND SAMPLE PREPARATION  

a. Reference Standard and System Suitability Preparation for rhPTH(1-34) Analysis 

Using the mobile phase described in section 1.b.8), prepare three separate reference 

standard solutions at approximately 250 µg/mL.  Standard solutions are stable for 

72 hours when stored at refrigerated temperature in a properly sealed container. 

b. Sample Preparation 

Accurately make two replicate preparations of the rhPTH(1-34) at a concentration 

of approximately 250 µg/mL.  The sample should be dissolved in the mobile phase 

described above in section 1.b.8.  Samples are stable for 72 hours when stored at 

refrigerated temperature in a properly sealed container. 

3. SAMPLE ANALYSIS  

a. Typical Operating Conditions 

1) Flow rate:  1.0 mL/min 

2) Injection volume:  20 µL 

3) Column temperature:  40°C  5°C 

4) Refrigerated autosampler maintained at approximately 5°C 

5) Run time:  approximately 12 min (720 sec).  Time should be lengthened to 

approximately 15 min for degraded samples. 

6) Detection:  UV at 214 nm 

7) Approximate rhPTH(1-34) retention time:  450ï700 seconds. 

8) If using mobile phase prepared by alternate method [described in 

section 1.b.9)]:  use approximately 63.0% Mobile Phase ñAò and 37.0% Mobile 

Phase ñBò 
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b. System Suitability for rhPTH(1-34) Analysis 

1) Inject the standard solutions once each.  See Figure 1 for a typical 

chromatogram.  Examine the rhPTH(1-34) peaks for retention time and tailing.  

The relative standard deviation (RSD) of the rhPTH(1-34) peaks' area ratio 

must be  1.25%.  This criteria encompasses all precision including 

autoinjector precision. 

2) Peak tailing should be monitored as an indication of column performance.  

Tailing (USP) must be  1.5 for the rhPTH(1-34) peak, where tailing is defined 

as: 

T
w

2 f  

w is the peak width measured at 5% of the peak height and f is the distance 

from peak start to the peak maximum at 5% of the peak height. 

3)  The mobile phase composition may be adjusted in order to obtain the desired 

retention time (example adjustments are listed in Table 1). 

Table 1.  Adjustment of mobile phase for desired retention time. 

Total ACN % % Mobile Phase ñAò Retention Time 

(seconds) 

25.2 62.0 370 

25.0 62.5 410 

24.8 63.0 482 

24.6 63.5 595 

24.4 64.0 727 

24.2 64.5 878 

 

 

c. Analysis Procedure 

1) rhPTH(1-34) Determination 

a) Inject the standards [performed in 3.b.1)] and samples and obtain the 

chromatogram for each item. 

b) Determine the peak area attributed to rhPTH(1-34) in each chromatogram. 

c) Use a standard check (one of the standards used in the initial curve) to 

verify instrument performance and confirm reliability of the data. 

i) Repeat injection of a standard after all samples have been injected.   

ii)  If a large number of samples will be analyzed, the same standard or 

control should be injected at least every 15 sample injections.  If a 

standard check is used, it should be within 98.0% to 102.0% of the 

theoretical concentration of the first injection.   

4. DATA ANALYSIS  
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a. Calculations 

1) Calculate the concentrations of reference standard samples. 

µg/mL rhPTH(1-34) = Assigned content/(mL sample solvent added to vial) 

where: 

Assigned content = µg rhPTH(1-34)/vial. 

The displacement volume of the reference standard is negligible and therefore, 

it will not be used in the calculation. 

2) Utilize least-squares analysis to determine the equation of a line for the plot of 

rhPTH(1-34) Peak Area Response (PAR) vs. g/mL concentration of rhPTH(1-

34) reference standard. 

3) Calculate the percent of rhPTH(1-34) ñAs isò in each sample: 

mcg] 1000  (mg) weight Sample    [Slope

100%  mg 1  (mL)]  vol[dil  ]intercept)(y   -  34))-rhPTH(1 [(PAR
     

           

 =  is" As" (%) 34)-rhPTH(1

 

where: 

PAR rhPTH(1-34) = the peak area response of the rhPTH(1-34) peak 

dil vol(mL) = the volume of sample solvent added to dilute the material 

 

 

4) Calculate the µg of rhPTH(1-34) per vial: 

vial

rhPTHg )341(
= 

Slope

(mL)]  vol[dil x ]intercept)(y  - 34)-rhPTH(1 [(PAR
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5. FIGURES 

 

Figure 1.  Typical rhPTH(1-34) potency chromatogram. 
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Instructions for Use 

 

PROPOSED 1
ST

 WHO INTERNATIONAL STANDARD FOR PARATHYROID 

HORMONE 1-34, RECOMBINANT, HUMAN,  

NIBSC Code: 04/200  

Version 01, 19 Jan 2006 

This material is not for in vitro diagnostic use 

 

 

1. INTRODUCTION  

 

Human PTH 1-34 (hPTH 1-34) is the N-terminal, biologically active fragment 

of parathyroid hormone.  It has been approved in the USA and Europe as a 

treatment for osteoporosis with the advantage that, unlike other osteoporosis 

treatments that have an anti-resorptive mode of action, hPTH 1-34 actually 

promotes an increase in bone mineral density.  Although there have been 

NIBSC reference preparations of hPTH 1-34 available for distribution to 

researchers for >25 years, there is currently no World Health Organization 

(WHO) international reference reagent for this material.   

A preparation of recombinant hPTH 1-34 (rhPTH 1-34), coded 04/200, has been 

ampouled and has been evaluated for its suitability to serve as a WHO 

International Standard. 

 

 
2. CONTENTS 

 

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

contained: 

 

10 mg trehalose in 1 mM acetic acid pH 3.9 

rhPTH 1-34 
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3. UNITAGE  

 

An assigned content of 0.89 mg per ampoule is proposed.  For bioassay purposes, 

it is also proposed that this material be assigned an ampoule content of 8900 units 

(1 unit approximately equivalent to 100 ng). 
 

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 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 óeasy-openô 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.  

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

 

6. USE OF AMPOULED MATERIAL  

 

For all practical purposes, each ampoule of reagent contains the same quantity of the 

substances listed above.  Dissolve the total contents of the ampoule in a known volume 

of a suitable solvent (distilled water, saline or buffer) with carrier protein (0.05 ï 0.1% 

BSA or HSA) where extensive dilution is required.  No attempt should be made to 

weigh out any portion of the freeze-dried material.  Unopened ampoules should be 

stored below -20
o
C. 

The ampoules do not contain bacteriostat and solution of the reagent should not be 

assumed to be sterile. 

 

7. STABILITY   

 

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

preparation 04/200 appears to be sufficiently stable to serve as an international 

reference reagent since the predicted yearly loss of activity at -20°C is 0.001%  
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and the predicted yearly loss of activity at 37°C is 3.5% based on the thermally 

accelerated degradation samples assayed by HPLC.  These results indicate that 

04/200 is likely be highly stable under long term storage conditions at -20°C  
 

8. CITATION  

 

In all publications, including data sheets, in which this material is referenced, it is 

important that the title of the preparation, the NIBSC code number, and the name and 

address of NIBSC are cited and cited correctly. 

 

9. 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.  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. 
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10.  MATERIAL SAFETY SHEET     
 

Physical properties (at room temperature) 

Physical appearance   Freeze dried powder 

Fire hazard   None 

Chemical properties  

Stable   Yes Corrosive:  No 

Hygroscopic  Possible    when 

opened   

Oxidising:  No 

Flammable  No Irritant:                        No 

Other (specify)  

Handling:             See caution, section 1 

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

 

Absorbent materials used to treat spillage should be treated as biologically 

hazardous waste.  

 

 
 

= = = 


