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Summary 

 
Stocks of the existing WHO 3

rd
 International Standard (IS) for Plasmin (97/536) are low and a 

replacement is required.  One candidate material, donated by a manufacturer, was formulated 

and lyophilised into sealed ampoules and coded 13/206.   An international collaborative study 

was organized to assign a potency value to 13/206 relative to the current IS (97/536).  A total 

of 16 laboratories from 12 different countries were recruited to take part in the study, of which 

15 laboratories returned results.  The candidate material was included in the study as coded 

duplicate samples labeled A and B and potency estimates were obtained using chromogenic 

and fibrinolytic methods.  A potency estimate was determined for 13/206 based on 52 

independent chromogenic assay results from 14 laboratories.  Fibrinolytic assays were 

insufficiently represented in the study to assign a potency to an IS; a potency estimate for 

13/206 is therefore proposed based on chromogenic assay methods, which is consistent with 

the calibration of the existing IS (97/536).  A laboratory geometric mean was calculated for 

each laboratory’s results (based on data from samples A and B) and an overall geometric 

mean of laboratory means was used to potency assign the candidate IS (13/206), which was 

determined to be 8.0 IU per ampoule with a between laboratory coefficient of variation (GCV) 

of 7.8 %.  It is proposed that preparation 13/206 is established as the WHO 4
th

 International 

Standard for Plasmin, with a potency of 8.0 IU per ampoule. 

 

Introduction 

 
The WHO 1

st
 International Reference Preparation (IRP) for Plasmin (72/379) was established 

by WHO in 1975
1
, based on the need to standardise potency measurements of plasmin.  Prior 

to establishing an IU for plasmin, activity was expressed in a number of differently defined 

and unrelated units.  The WHO 1
st
 IRP was assigned a potency of 8.0 IU per ampoule in an 

international collaborative study, based on the results from laboratories using casein as 

substrate, specifically those laboratories reporting potency estimates in terms of CTA units.  

One CTA plasmin unit releases 0.1 micro-equivalents of tyrosine per minute, as defined by an 

organisation called the Committee on Thrombolytic Agents (CTA).
2
   

 

The WHO 1
st
 IRP for Plasmin was formulated in 50 % glycerol and with technological 

advances permitting the simple purification of plasmin based on affinity, the suitability of the 

1
st
 IRP to serve as a standard was brought into question.  A highly purified plasmin 

preparation (77/588) was therefore established as a replacement for 72/379 by WHO as the 

2
nd

 IRP for Plasmin, with a potency of 10 IU per ampoule.
3
  Preparation 77/588 was 

calibrated relative to the 1
st
 IRP (72/379) based on casein hydrolysis, and also against the 

newly available chromogenic substrate S-2251 (H-D-Val-Leu-Lys-pNA).  Potencies were in 

agreement between casein and chromogenic assays, however potency estimates against fibrin 

were significantly higher.  An explanation for this assay disparity was proposed to be a result 

of the instability of the 1
st
 IRP, with autolytic degradation affecting fibrin binding.

3
 

 

The 3
rd

 and current IS for Plasmin was established in 1998 by WHO with a potency of 5.3 IU 

per ampoule.  Potency assignment was relative to the WHO 2
nd

 IRP using assays exclusively 

against the chromogenic substrate S-2251, in an international collaborative study involving 

six laboratories.  The results were presented to the Fibrinolysis Subcommittee of the Scientific 

Standardisation Committee (SSC) of the International Society for Thrombosis and 

Haemostasis (ISTH) (Ljubljana, 1998). 
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Stocks of the current IS are almost exhausted and a replacement is needed.  While the original 

requirement for a plasmin IS remains valid, there is a renewed interest in plasmin as a direct 

acting thrombolytic drug.  Plasmin was first investigated as a thrombolytic agent in the 1950s, 

which although safe, systemically administered plasmin was found to be ineffective due to 

rapid inhibition by α2-antiplasmin.  Technological improvements in catheter-based delivery 

techniques have shown plasmin offers advantages over systemic or catheter administered 

tPA,
4
 and with therapeutic plasmin in development there may be an increase in future 

requirements for a plasmin IS. 

 

It was proposed to calibrate a replacement IS relative to the current IS (97/536) to maintain 

continuity of the IU.  It was anticipated that potency assignment would be based on 

chromogenic assay methods for consistency with the existing IS, however it was planned to 

include fibrinolytic methods in the study.   

 

End users of International Standards calibrated in IU often request information on the molar 

concentration of active enzyme in the preparation.  A question on whether this information 

would be useful for end users of the plasmin IS was included in the collaborative study 

invitation questionnaire.  Of the 16 laboratories that responded to the questionnaire, 12 

indicated that this information would be useful.  It was therefore also planned to investigate 

assigning a molar concentration to the replacement IS using active site titration.  Making this 

information available to end users of the plasmin IS may be useful in certain applications, and 

may help to ensure continuity of potency for future replacement IS. 

 

 

Materials 

 
One manufacturer kindly donated samples from a batch of therapeutic grade human plasmin, 

provided freeze-dried in multiple 25 mg vials, to be used in the preparation of the candidate 

WHO 4
th

 IS for Plasmin.  According to the manufacturer’s safety data sheet the product was 

prepared from pooled human plasma, and each plasma donation had been tested for the 

absence of antibodies against HIV-1, HIV-2 and Hepatitis C and the absence of surface 

antigens for Hepatitis B.  Additionally, small pools of plasma donations had been tested for 

the absence of the HIV-1, Hepatitis C and Hepatitis B viruses using Polymerase Chain 

Reaction (PCR) technology.  The formulation, dilution and freeze-drying conditions for the 

definitive fill were based on the results of small scale trial fills, and on experience with 

previous formulations.  For the definitive fill the material was reconstituted and diluted to a 

final concentration of approx. 8 IU/ml (based on NIBSC analysis) in 5 mM Citric acid buffer 

(pH 3.5) containing 10 mg/ml trehalose and 5 mg/ml human albumin.  5 ml DIN ampoules 

were filled with 1 ml aliquots of the diluted material, lyophilised following WHO procedures, 

and coded 13/206.  Filling and lyophilisation was carried out at NIBSC and the ampoules are 

stored at NIBSC (Potters Bar, UK) at -20 C.  Further details of the ampouled material for 

13/206 are given in the table below. 

 

 13/206 

Number of containers 4306 

Mean fill mass g (CV) 1.0063 (0.20%) 

Mean dry weight g (CV) 0.0158 (2.17%) 

Mean residual moisture % (CV) 0.5826 (24.64%) 

Mean oxygen head space % (CV) 0.19 (43.6%) 
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Participants 

 
A total of 16 laboratories agreed to participate and of these 15 laboratories completed the 

study and returned results.  Participating laboratories represented 12 different countries 

(Germany, UK (2), USA, France, Austria (2), Netherlands, Japan, Israel (2), Russia, Canada, 

Switzerland and Hungary) and of these 1 was regulatory, 6 were academic and 8 were from 

industry.  A list of the participants is provided in appendix 2; however the order of listing 

does not correspond to the laboratory code number. 

 

Results and discussion 
 

Assay methods and study design 
The aim of the study was to assign a potency value to the candidate 4

th
 WHO IS for Plasmin 

(13/206) relative to the WHO 3
rd

 IS for Plasmin (97/536).  An invitation to participate in the 

study, including a questionnaire on the range of assay methods available, was distributed 

among known laboratories and posted on the SSC website to maximize publicity.  The study 

proposal was also presented to the Fibrinolysis Subcommittee of the SSC, with a call for 

participants, at the 2012/13 SSC meetings.  All 16 laboratories that returned a positive 

response indicated they performed chromogenic assay methods, with six of these also 

indicating fibrinolytic assay methods. 

 

Study participants were provided with a study protocol (shown in appendix 1); four ampoules 

of the WHO 3
rd

 IS for Plasmin (97/536), labeled as Sample S, and four ampoules each of 

candidate samples A and B, which were anonymously coded duplicates of the candidate 

material (13/206).  Laboratories that indicated they also performed a fibrinolytic assay method 

were provided with an additional set of samples.   

 

For both chromogenic and fibrinolytic assay methods each laboratory was requested to carry 

out four plasmin assays across two separate days or sessions, using fresh ampoules for each 

assay.  Laboratories were instructed to include all three preparations (S, A and B) in each of 

the four assays, and requested to perform their usual assay methods as far as possible.  

Guidelines were provided in the study protocol on sample randomization and replication, with 

a request for a minimum of three dilutions of each preparation and the inclusion of two or 

more replicates of each dilution within each assay.  The potency of sample S (5.3 IU per 

ampoule) was given in the study protocol, with an approximate potency of 8 IU per ampoule 

for samples A and B to enable an appropriate dilution regime.  Participants were requested to 

return the raw data from their assays to NIBSC for analysis, and were also requested to 

provide a brief description of the assay method used to obtain their results, including details 

of the reagents used.   

 

For chromogenic assays all laboratories returned their results as kinetic rates, with the 

exception of one laboratory which returned endpoint reading.  Two laboratories returned 

absorbance readings vs. time and kinetic rates were calculated at NIBSC.  Eight different 

chromogenic substrates were represented in the study, as detailed in the table below. 

 

Number of 

laboratories 

Chromogenic 

substrate 

Formula 

6 S-2251 H-D-Val-Leu-Lys-pNA  
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3 S-2403 H-D-Glu-Phe-Lys-pNA  

1 Spectrozyme PL H-D-Nle-HHT-Lys-pNA.2AcOH 

1 S-2302 H-D-Pro-Phe-Arg-pNA.2HCl 

1 Berichrom H-D-Nva-CHA-Lys-pNA.2HCl 

1 APL-pNA HCO-Ala-Phe-Lys-pNA 

1 Pefachrom PL6027 H-D-Nle-CHA-Lys-pNA.2HCl 

1 CBS 30.41 H-D-But-CHA-Lys-pNA . 2AcOH 

 

For fibrinolytic assays three laboratories returned results with all performing fibrin clot lysis 

assays in a microplate reader.  Results were reported as the time taken to reach 50% lysis, 

represented as half maximal absorbance. 

 

Statistical analysis 
Potency estimates and confidence limits for samples A and B were calculated relative to 

sample S for each assay by parallel-line analysis
5
 using the software program Combistats.

6
  

Deviations from linearity and parallelism were considered significant at the 1% level (p<0.01). 

Where significant deviations from the model appeared to result from underestimation of 

residual error, linearity was assessed by visual inspection of the plotted data and non-

parallelism was assessed using the ratio of the slope of the sample relative to the slope of the 

standard.  A ratio of between 0.8–1.2 was considered acceptable. 

 

Results from all valid assays were combined to generate unweighted geometric mean 

potencies for each laboratory and these laboratory means were used to calculate overall 

unweighted geometric mean potencies.  Variability between assays and laboratories has been 

expressed using geometric coefficients of variation (GCV = {10
s
-1}×100% where s is the 

standard deviation of the log transformed potency).  Since samples A and B were coded 

duplicates of one candidate material (13/206), and no difference was found between the 

results for both samples, it was possible to calculate an overall potency estimate for 13/206 

based on all valid potency estimates for both samples.   

 

After exclusions (described below) potency estimates using chromogenic assay methods were 

calculated based on 50 independent assays for Sample A, and 52 independent assays for 

Sample B, from 14 of the 16 laboratories that received samples.  Laboratory 2 returned no 

results, and the following exceptions and deviations are reported.  

 

Laboratory 4 returned data from four assays; however all results were considered invalid and 

excluded from the calculation due to non-overlapping dose response between the standard and 

test samples.  In all assays the standard and test samples were treated to the same dilution 

regime, which despite the difference in potency between the standard and test samples should 

have given an overlap in the dose response.  The reason for this discrepancy has not been 

fully resolved, however through discussions between NIBSC and laboratory 4 it was agreed 

that the greater variability in the responses observed for the standard could be masking 

deviations from linearity and parallelism, resulting in over estimation of the test sample 

potency values.  The higher dilution of the standard (due to a lower starting potency) was 

most likely responsible for increased variability in the responses.   

   

Laboratory 5 returned data from four assays however assays 1 and 3 were excluded due to 

significant non-linearity of the standard.  With assay 2 the result for Sample A was excluded 

because the dose response was significantly non-parallel to the standard.  Laboratory 11 also 

returned four sets of data however assay 4 was excluded due to significant deviation from 
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linearity for both samples A and B.  Laboratory 14 returned four valid assays, however the 

result for Sample A in assay 3 was excluded due to unusually high variation between the 

replicate responses. 

 

Laboratory 13 performed a variation of their in-house α2-antiplasmin assay, which measures 

residual plasmin activity titrated against a dose range of the inhibitor.  A modified version of 

this assay was developed for the study to introduce a variable dose range of plasmin; however 

each assay still included low concentration (10 nM) of α2-antiplasmin.  The results for assay 1 

gave no response for three of the five dilutions tested invalidating the analysis.  The dilution 

range was adjusted for assays 2-4 which all produced valid potency estimates.  The inclusion 

of α2-antiplasmin had no measurable effect on the analysis, and since both standard and test 

were measured under identical conditions the results from all valid assays were included in 

the potency calculation.  

 

Potency estimates using fibrinolytic assays were based on a total of 12 independent assays for 

Samples A and B, received from three of the six laboratories that received samples.  All 

assays were statistically valid with no exceptions or deviations. 

 

Summary of results 
A summary of all results from chromogenic assays for each laboratory is shown in Table 1.   

Low intra-assay variability is demonstrated by a low percentage difference between coded 

duplicate samples A and B in each assay, being <10 % in almost all cases.  Since Samples A 

and B are coded duplicates of a single candidate preparation (13/206), and there was no 

difference between the two sets of results, a laboratory mean potency was calculated as the 

geometric mean of samples A and B in each assay, shown in Table 1 and represented in 

graphical form in Figure 1.  The within laboratory inter-assay variability is also low with all 

but two GCV values being <10 %.  An overall geometric mean value was calculated using 

these combined laboratory mean values to give a potency estimate for 13/206 of 8.01 IU per 

ampoule with a GCV of 7.8 % for chromogenic assay methods.  Figure 1 also identifies the 

chromogenic substrate used in each assay, and the results appear to be distributed randomly 

with no particular pattern or bias for high or low potency estimates for any of the substrates. 

 

A summary of all results from fibrinolytic assays for each laboratory is shown in Table 2.  An 

overall mean potency value for 13/206 of 6.80 (GCV=13.7 %) was calculated in the same 

way as for the chromogenic assays, based on potency estimates for both samples as shown in 

Table 2.  This potency estimate is based on the results from three laboratories, with a total of 

12 independent assays.  Of the three other laboratories that received samples, laboratory 2 

returned no data for the study and laboratories 12 and 14 returned results only for 

chromogenic assays.  The low representation of fibrinolytic assays in the study suggests few 

laboratories perform this test routinely, with chromogenic assays being far more common.  

The fibrinolytic assay results returned were all statistically valid; however as anticipated there 

is insufficient data on which to assign a potency estimate to the candidate, or to draw firm 

conclusions on the relationship between the results of chromogenic assays and fibrinolytic 

assays. 

 

It is therefore proposed that the potency value for 13/206 should be assigned based on results 

from chromogenic assays only.  This is consistent with the calibration of the 3
rd

 and current 

WHO IS for Plasmin (97/536), the potency of which was based exclusively on results from 

chromogenic assays against the substrate S-2251.  In the present study six different 
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chromogenic substrates were represented, including S-2251, and potency estimates were 

found to be independent of the substrate used. 

 

 

Proposal 

 
Preparation 13/206 is proposed as the WHO 4th International Standard for Plasmin, with a 

potency of 8.0 IU per ampoule 

 

Participants’ response 

 
All participants that responded to the report (14/15) agreed with the conclusion in the report 

that preparation 13/206 be proposed as the WHO 4
th

 International Standard for Plasmin with a 

potency of 8.0 IU.  No specific comments were received. 

 

Expert review by the Fibrinolysis Subcommittee of the SSC/ISTH 

 
Expert opinion was sought from a panel of experienced scientists selected by the Chair of the 

Fibrinolysis Subcommittee of the SSC of the ISTH.  Responses were received from 11 experts 

and all agreed with the proposals.  The proposal to endorse preparation 13/206 as the WHO 

4
th

 International Standard for Plasmin was approved at the SSC Board Meeting, held in 

Milwaukee WI, on 23 June 2014.  

 

Additional comments made in the reviewers’ responses on the study are considered below:   

 

Comment 1: “potential estimates showed a largest variability with S-2251 (Fig 1)”.  This is 

not surprising since S-2251 was used by 6/15 laboratories in the study and was the highest 

represented substrate.  The overall inter-laboratory variation, represented by the GCV, was 

low at 7.8 % and as such we have no concerns with regards to assay variability or with any of 

the substrates used. 

 

Comment 2: “the assay with a2AP should not be included as it may introduce confusion in 

data interpretation”.  This was given consideration during the analysis and was addressed in 

the report.  For the assays in question A2AP was included at a low level, and importantly at 

the same concentration in all samples.  Since there was no effect on the validity of the 

analysis there is no reason to exclude the data from the calculation.  The principal of 

biological standards, to measure like against like, was adhered to. 

 

Comment 3: “Long term stability with SS-427 should not be assimilated to 13/206 stability. 

Data for SS-427 may be commented separately”.  The trial fill SS-427, which has been stored 

longer because it was made earlier,  was used at this stage to indicate that the formulation and 

lyophilisation conditions are appropriate for long term stability.  Accelerated degradation 

samples for 13/206 are in place and an assessment of stability should be possible ahead of the 

ECBS meeting in October, and afterwards will be continuously monitored according to WHO 

guidelines. 

 

Comment 5: “including the active molar concentration of plasmin would ensure independence 

of the method used for determining plasmin activity”.  The active molar concentration will be 



WHO/BS/2014.2249 

Page 8 
 

included in the instructions for use (IFU) but for information only.  To formally assign a 

molar concentration would require a more rigorous approach, with at least one other 

laboratory performing the method to validate the result.  Unfortunately no other laboratories 

were able to perform active-site titration on the candidate material, however the initial 

estimate provided could be re-evaluated over time. 

 

Comment 6: “It would be good to know the plasmin protein concentration. By comparison 

with the active concentration this will indicate how much of the protein is active”.  Although 

an estimate of the protein concentration of the bulk material was provided by the 

manufacturer, no measurement was made following re-formulation and lyophilisation.  

Providing an estimate of the specific activity may encourage inappropriate use beyond its 

intended function as an activity standard.   

 

Comment 7: “Would bench stability following reconstitution improve by adding glycerol?”  

Stability after reconstitution is appropriate for the intended use of the standard.  While adding 

glycerol may improve stability, the assigned potency is only valid when used as indicated in 

the IFU. 

 

Comment 8: “I assume that plasminogen purified from plasma was activated to plasmin. 

Which plasminogen activator was used, and are there still traces present in the standard?”  

Streptokinase was used to activate plasminogen and was removed in subsequent purification 

steps.  Removal of streptokinase was confirmed by ELISA. 

 

Stability of the proposed candidate material 13/206 
 

Long term stability 
Predictions for the long term stability of the proposed candidate material (13/206) will be 

assessed over time by monitoring the plasmin potency of ampoules stored under accelerated 

degradation conditions.  Ampoules of the proposed candidate preparation are being stored at a 

range of temperatures (-150 C, -70 C, -20 C, +4 C, +20 C, +37 C, +45 C and  +56 C) 

however at the time writing, the ampoules have not been stored long enough to make 

predictions on long term stability.  In lieu of this, at this time long term stability predictions 

will be made based on accelerated degradation samples of a trial fill preparation (SS-427), 

which was filled several months before the candidate material (13/206) but was formulated 

and lyophilised under identical conditions, using the same batch of donated plasmin.   

 

Potency estimates were obtained for degradation samples of SS-427, following 3 and 10 

months storage at elevated temperatures (+37 C, +45 C and +56 C), relative to ampoules 

stored at -20 C.  All assays were performed at NIBSC using an in-house chromogenic 

method.  The results are presented in the table below, expressed as a percentage of the 

potency result for the -20 C samples.  Each result is based on a combined potency from two 

ampoules assayed separately in duplicate. 

 

Stability data of Plasmin trial fill (SS-427) after storage at elevated temperatures 

Storage time 
% activity relative to -20 C 

+37 C +45 C +56 C 

3 months 96.8 % 91.4 % 79.7 % 

10 months 91.8 % 84.8 % 66.7 % 
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The results were successfully fitted to the Arrhenius Equation and the prediction for the % 

loss of activity per year for samples stored at -20 C (normal storage conditions) was 0.021 % 

which indicates the material is very stable.  Based on the upper 95 % confidence limit of 

potency loss (0.159 % per year) the shelf life is predicted to be in excess of 30 years.  Based 

on this analysis of trial fill samples, it is expected that the proposed candidate material 

(13/206) will also be very stable.  Stability monitoring will continue for 13/206 and will be 

assessed for longer time periods and at lower storage temperatures, and stability estimates 

should be available in time for the ECBS meeting, October 2014. 

 

Bench stability following reconstitution 
To provide an indication of the stability of the proposed candidate material throughout a 

typical assay period, the potency of the proposed candidate (13/206) was monitored following 

reconstitution with distilled water, as recommended in the Instructions for Use.  On the day of 

the study two ampoules were reconstituted and into two stoppered plastic tubes, labelled T1 

and T2.  Each sample was stored on melting ice and assayed for plasmin activity relative to a 

freshly reconstituted ampoule at time 0, 2 hours, 4 hours and 8 hours.  All assays were 

performed at NIBSC using an in-house chromogenic method.  Plasmin potency estimates are 

provided in the table below, based on the combined result of two assays and expressed as a 

percentage of the potency estimate calculated at time zero. 

 

 % activity relative to fresh ampoule at time zero  

(95 % confidence interval) 

2 hours  4 hours  8 hours  

96.8 % 
(87.7 – 106.8) 

94.8 % 
(89.7 – 100.2) 

94.4 % 
(91.6 – 97.3) 

 

This limited data suggests the material is stable over a normal assay period of two hours, and 

supports a recommendation that potency assays should be completed within four hours of 

reconstitution of the standard.  The IFU (instructions for use) for 13/206 will reflect this; 

however it will be recommended that end users investigate stability following reconstitution 

for their own storage and assay conditions. 

 

Molar Concentration of Plasmin 
Active site titration assays were performed on candidate preparation 13/206 at NIBSC against 

a fluorimetric active site titration substrate, 4-Methylumbelliferyl 4-guanidinobenzoate 

hydrochloride hydrate (MUGB).  A stopped flow unit was used to achieve rapid mixing of 

plasmin with MUGB, and this was coupled to a fluorimetric spectrometer to simultaneously 

provide an output trigger to start kinetic measurements to capture the required burst of 

product release from MUGB mixed with plasmin.   

 

Four dilutions of the plasmin candidate were made within the concentration range 100 - 800 

nM, which is appropriate for MUGB titrations.  Active-site titrations were performed at each 

of the plasmin dilutions including four replicates, and the magnitude of the burst was 

calculated relative to a standard curve for 4-methylumbelliferone (the fluorophore product 

released from MUGB substrate).  All plasmin and 4-methylumbelliferone dilutions were 

made in the same citric acid buffer used in the formulation of the candidate material and 

adjusted to a final concentration of 50 mM HEPES (pH 7.4) using a concentrated stock buffer.  

This allowed all fluorescence readings to be taken under identical conditions, as fluorescence 

measurements are influenced by buffer composition, and in particular the albumin used in the 

formulation of 13/206.  The molar concentration of 13/206 was calculated to be 1.53 µM (95 % 
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confidence interval = 1.42 – 1.66) based on the semi-weighted mean of four independent 

assays performed on two different days against two different standard curves.   

 

Based on the potency calculation for 13/206 of 8.0 IU per ampoule in the present study, this is 

equivalent to 191 nmoles per IU (95% CI = 178 – 208).  A potency estimate was also 

obtained at NIBSC by chromogenic assay for the starting material prior to dilution and 

reformulation for the processing of 13/206, and was calculated to be 58 IU/ml.  The molar 

concentration of the starting material was also determined by active site titration as 12.2 µM 

(95% CI = 11.5 – 13.9).  This is equivalent to 210 nmoles per IU (95% CI = 198 – 240).  

These results for the candidate 4
th

 IS, pre and post filling show the relationship between the 

IU and active molar concentration was preserved throughout the re-formulation, filling and 

lyophilisation.   

 

An active molar concentration was also previously determined for the WHO 2
nd

 IS for 

Plasmin as 2.2 µM
7
 (equivalent to 220 nmoles per IU) and for the WHO 3

rd
 IS as 1.5 µM, 

(equivalent to 280 nmoles per IU; presented to the Fibrinolysis subcommittee of the 

SSC/ISTH, 2009, Boston, USA), which indicates that reasonable agreement between the 

active molar concentration and IU for plasmin has been conserved between generations of IS. 

 

Collaborative study participants, and other independent laboratories were also invited to 

determine the active molar concentration of candidate preparation 13/206 by active site 

titration, however none came forward.  One laboratory (K. Kolev, Semmelweis University, 

Budapest, Hungary) did calculate a molar enzyme concentration for preparation 13/206 based 

on Michaelis-Menten kinetics, with a kcat value determined independently with active site 

titrated plasmin.  Based on eight independent assays, with two replicate measurements for 

each, the molar concentration of 13/206 was estimated to be 1.7 µM (95% CI = 1.5 – 1.9), 

equivalent to 213 nmoles per IU (95% CI = 188 – 238 nmoles).  This value is again in 

agreement with the result by active site titration from NIBSC.  

 

Based on the active site titration results on the final ampouled material, we estimate the 

concentration of active plasmin in preparation 13/206 to be 1.5 µM after reconstitution.  This 

result will not be submitted for endorsement by WHO for labelling of the candidate WHO 4
th

 

IS for Plasmin, which will be only in IU.  However, it is proposed that this information on 

molar concentration will be included in the Instructions for Use that accompanies the IS and 

this may be helpful for certain applications.   
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Table 1.  Plasmin potency estimates (IU per ampoule) based on samples A and B from 

chromogenic assays for each laboratory relative to Sample S.  For each valid assay the 

geometric mean of potency results for samples A and B was calculated.  Laboratory potencies 

and geometric coefficient of variation (GCV %)  were calculated from these mean assay 

values.  The overall geometric mean is also shown, together with the GCV % of laboratory 

means. 

 

Laboratory 

and assay 

number 

Potency 

result – 

Sample A 

Potency 

result – 

Sample B 

Geometric 

mean of 

potency results 

for Samples A 

and B 

Difference 

between 

samples A 

and B (%) 

Geometric 

mean 

G 

C 

V  

% 

1 

1 7.00 7.43 7.21 6.1 

7.14 5.5 
2 7.04 7.42 7.23 5.4 

3 6.66 6.60 6.63 0.9 

4 7.53 7.55 7.54 0.3 

3 

1 8.28 7.82 8.05 5.6 

8.38 5.6 
2 8.38 7.88 8.13 6.0 

3 8.34 8.33 8.33 0.1 

4 9.09 9.05 9.07 0.4 

5 
2 - 7.95 7.95 - 

7.81 2.4 
4 7.81 7.56 7.68 3.3 

6 

1 6.72 6.61 6.67 1.5 

7.61 12.8 
2 7.39 7.47 7.43 1.1 

3 9.03 8.81 8.92 2.4 

4 7.63 7.59 7.61 0.6 

7 

1 8.81 9.62 9.21 9.1 

8.10 16.9 
2 8.41 7.99 8.20 5.0 

3 6.34 6.63 6.48 4.7 

4 8.52 9.14 8.82 7.3 

8 

1 8.30 8.51 8.41 2.5 

8.05 5.3 
2 8.07 8.06 8.07 0.0 

3 6.68 8.37 7.48 25.3 

4 8.14 8.42 8.28 3.4 

9 

1 7.58 7.53 7.56 0.7 

7.48 3.9 
2 7.32 7.00 7.16 4.4 

3 8.04 7.63 7.83 5.0 

4 7.52 7.23 7.37 3.9 

10 

1 7.61 7.61 7.61 0.1 

7.93 3.9 
2 8.37 8.30 8.34 0.8 

3 7.93 8.03 7.98 1.2 

4 7.80 7.85 7.82 0.6 

11 

1 8.33 7.25 7.77 13.0 

7.83 8.8 2 7.41 7.06 7.23 4.8 

3 8.67 8.44 8.55 2.6 

12 

1 7.01 7.12 7.06 1.5 

7.08 5.9 
2 7.50 7.38 7.44 1.6 

3 7.48 7.13 7.31 4.7 

4 6.60 6.48 6.54 1.8 

13 

2 8.71 8.89 8.80 2.0 
8.51 4.9 3 7.81 8.32 8.06 6.5 

4 8.56 8.84 8.70 3.3 
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14 

1 8.99 9.39 9.18 4.5 

8.74 3.4 
2 8.70 8.37 8.53 3.7 

3 - 8.65 8.65 - 

4 8.75 8.45 8.60 3.4 

15 

1 8.90 8.87 8.88 0.2 

9.00 1.0 
2 9.07 9.03 9.05 0.4 

3 9.09 9.04 9.07 0.6 

4 9.11 8.94 9.02 1.9 

16 

1 7.98 8.09 8.03 1.4 

8.82 7.3 
2 9.93 9.10 9.50 8.3 

3 8.42 9.10 8.75 8.1 

4 9.04 9.07 9.05 0.4 

Overall Mean 

All Assays 
8.01 7.8 
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Figure 1.  Potency estimates for preparation 13/206, based on the geometric mean of 

potency estimates for Samples A and B for each laboratory assay, calculated relative to 

Sample S.  Columns represent the number of laboratories with results in the corresponding 

plasmin concentration range.  Each box represents the geometric mean of potency estimates 

for samples A and B in an individual assay.  The number identifies the laboratory and shading 

identifies the chromogenic substrate used. 
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Table 2.  Plasmin potency estimates (IU per ampoule) based on samples A and B from 

fibrinolytic assays for each laboratory relative to Sample S.  For each valid assay the 

geometric mean of potency results for samples A and B was calculated.  Laboratory potencies 

and geometric coefficient of variation (GCV %)  were calculated from these mean assay 

values.  The overall geometric mean is also shown, together with the GCV % of laboratory 

means. 

 

Laboratory 

and assay 

number 

Potency 

result – 

Sample A 

Potency 

result – 

Sample B 

Geometric mean of 

potency results for 

Samples A and B 

Difference 

between samples 

A and B (%) 

Geometric 

mean 

G 

C 

V  

% 

3 

1 6.59 7.11 6.84 7.9 

6.45 12.4 
2 7.05 7.75 7.39 10.0 

3 6.08 5.60 5.84 7.9 

4 6.05 5.68 5.87 6.1 

11 

1 5.89 6.32 6.10 7.4 

6.19 4.5 
2 5.65 6.08 5.86 7.5 

3 6.02 6.72 6.36 11.7 

4 6.35 6.58 6.47 3.6 

16 

1 7.09 8.32 7.68 17.4 

7.87 11.0 
2 7.29 6.56 6.92 10.0 

3 8.70 9.06 8.88 4.2 

4 7.03 9.44 8.15 34.2 

Overall Mean 

All Assays 
6.80 13.7 

 

  



WHO/BS/2014.2249 

Page 16 
 

Appendix 1. Study protocol 

 
Calibration of the proposed WHO 4

th
 International Standard for 

Plasmin 

 

Study protocol CS512 
 

1.  SAMPLES PROVIDED FOR CHROMOGENIC AND FIBRINOLYTIC 

ASSAYS 

 

4 ampoules of each of the following samples are provided: 

 

S:  WHO 3
rd

 International Standard for Plasmin (97/536) containing 5.3 IU per 

ampoule  

 

A:  Candidate 4
th

 International Standard for Plasmin containing approximately 8 

IU per ampoule 

 

B:  Candidate 4
th

 International Standard for Plasmin containing approximately 8 

IU per ampoule 

 

Further information, including health and safety data, is available in the instructions for use 

documents provided with the samples. 

 

Laboratories performing both chromogenic and fibrinolytic assays will receive a set of 

ampoules for each method. 

 

2.  STORAGE AND RECONSTITUTION OF SAMPLES S, A AND B 

 

Samples S, A and B are shipped at ambient temperature; upon receipt store the unopened 

ampoules at -20
o
C or below.  Allow the ampoules to warm to room temperature before 

reconstitution.  Tap gently to ensure that all of the contents are in the lower part of the 

ampoule.  Open the ampoules as directed below and reconstitute by adding 1.0 ml of distilled 

water at room temperature.  Dissolve the contents with gentle agitation at room temperature.  

When reconstitution is complete transfer the entire contents to stoppered plastic tubes and 

store at 4
o
C during the assay period. 

 

Directions for opening DIN ampoules 

DIN ampoules have an “easy-open” coloured stress point, where the narrow ampoule stem 

joins the wider ampoule body.  

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

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

against the shoulder of the ampoule body. Hold the body of the ampoule in one hand and the 

disposable ampoule breaker covering the ampoule stem between the thumb and first finger of 

the other hand. Apply a bending force to open the ampoule at the coloured stress point, 

primarily using the hand holding the plastic collar. Care should be taken to avoid cuts and 
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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  

 

3. STUDY PLAN, ASSAY METHOD AND DESIGN 

 

You are requested to carry out 4 assays across 2 separate days or sessions.  Fresh ampoules of 

S, A, and B should be used for each of the 4 assays.  

 

All 3 preparations (S, A and B) are included in each of the 4 assays. A balanced order of 

testing should be followed e.g: 

 

Day/session 1 

Assay 1 S A B B’ A’ S’ 

Assay 2 A B S S’ B’ A’ 

Day/session 2 
Assay 3 B S A A’ S’ B’ 

Assay 4 S A B B’ A’ S’ 

 

Each letter (S, A and B) refers to a set of ≥ 3 different dilutions, and S’, A’ and B’ refer to 

replicate sets of dilutions made independently from the same ampoule.  The same range of 

dilutions should be used for each of the materials, and the dilution range should be chosen to 

lie in the most linear portion of the dose response relationship.  Assays should be completed 

within 2 hours of sample reconstitution. 

 

4. RESULTS 

 

Please return the raw data from your assays by e-mail to craig.thelwell@nibsc.org no later 

than 31st March 2013.   

 

Results sheets are provided for you to complete, or to use as an example when returning data 

in a different format (e.g. Excel).  Please ensure that your results are presented as true 

raw data (eg. absorbance units vs time, endpoint readings or fibrinolysis times) rather 

than as % or units relative to an in house standard.  
 

  

mailto:craig.thelwell@nibsc.org
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Calibration of the proposed WHO 4
th

 International Standard for Plasmin 

CS512: Results sheet 

 

Laboratory: 
 

Name: 

 

Method: chromogenic/fibrinolytic – (provide brief details e.g. equipment used, substrate, measurement – 

kinetic/endpoint/lysis time etc.) 
 

 

 

 

Please complete the results tables below, or provide the same information in another format 

(eg Excel).  Please remember to include sample (pre-) dilution information.  

Please ensure that your results are presented as true raw data (eg. absorbance units vs 

time, endpoint readings or fibrinolysis times) rather than as % or units relative to an in 

house standard.  

 
Day 1. 

 

Assay 1 

 

 RESULT 

S A B 

Pre-dilution 

 

   

DIL 1: 

    

........ 

 

      

DIL 2: 

 

........ 

 

      

DIL 3: 

 

........ 

 

      

DIL 4: 

 

........ 
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Assay 2 

 

 RESULT 

S A B 

Pre-dilution 

 

   

DIL 1: 

    

........ 

 

      

DIL 2: 

 

........ 

 

      

DIL 3: 

 

........ 

 

      

DIL 4: 

 

........ 

 

      

 

 

Day 2. 

Assay 3 

 

 RESULT 

S A B 

Pre-dilution 

 

   

DIL 1: 

    

........ 

 

      

DIL 2: 

 

........ 

 

      

DIL 3: 

 

........ 

 

      

DIL 4: 

 

........ 
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Assay 4 

 

 RESULT 

S A B 

Pre-dilution 

 

   

DIL 1: 

    

........ 

 

      

DIL 2: 

 

........ 

 

      

DIL 3: 

 

........ 

 

      

DIL 4: 

 

........ 
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Appendix 3. Draft IFU
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