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Summary 
 

Ancrod 
Stocks of the existing WHO 1

st
 International Standard (IS) for Ancrod (74/581) are low and a 

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

lyophilised into sealed ampoules and coded 15/106.   An international collaborative study was 

organized to assign a potency value to 15/106 relative to the current IS (74/581).  A total of 18 

laboratories from 8 different countries were recruited to take part in the study, of which 17 

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

A and potency estimates were obtained using clotting assays against human plasma and purified 

fibrinogen.  A potency estimate was determined for 15/106 based on 63 independent assay 

results from 14 laboratories.  A laboratory geometric mean was calculated for each laboratory’s 

results and an overall geometric mean of laboratory means was used to potency assign the 

candidate IS (15/106), which was determined to be 54 IU per ampoule with a between laboratory 

coefficient of variation (GCV) of 4.9 %. 

 

Batroxobin 
Stocks of the current 2

nd
 British Standard (BS) for Batroxobin (93/526) are low and a 

replacement reference preparation is needed.  Approval was obtained from the WHO Expert 

Committee on Biological Standardization (ECBS) to prepare a WHO Reference Reagent (RR) to 

replace the current BS.  A candidate material was donated by a manufacturer and was formulated 

and lyophilized to replicate the 2
nd

 BS as closely as possible.  This preparation was coded 

15/140.  The proposed WHO RR was calibrated against the existing 2
nd

 BS in a joint study to 

also replace the existing WHO 1
st
 IS for Ancrod (74/581). A potency estimate was determined 

for 15/140 based on results from 65 independent assays from 14 laboratories.  A laboratory 

geometric mean was calculated for each laboratory’s results and an overall geometric mean of 

laboratory means was used to potency assign the candidate IS (15/140), which was determined to 

be 50 Units per ampoule with a between laboratory coefficient of variation (GCV) of 11.6 %. 

 

Introduction 
 

Ancrod and batroxobin are both thrombin-like proteases that clot fibrinogen but lack the other 

functions of thrombin so do not activate or cleave other proteins or present a target for inhibitors.  

As such they have found a number of uses as diagnostic or research tools and potential therapies.  

NIBSC has been involved in making standard preparations for ancrod and batroxobin since the 

1970s.  There is a need currently to replace the existing standards available from NIBSC and in 

the interests of efficiency it was decided this could be best achieved by running a collaborative 

study to include the current WHO 1
st
 International Standard (IS) for Ancrod 74/581 with a 

candidate preparation for 2
nd

 WHO IS, and the current 2
nd

 British Standard (BS) for Batroxobin 

with a candidate preparation for the WHO Reference Reagent (RR).   

 

Ancrod and batroxobin are snake venom serine proteases produced by Calloselasma rhodostoma 

and Bothrops atrox moojeni, respectively.  Like thrombin, ancrod and batroxobin cleave 

fibrinopeptide A of fibrinogen catalysing the formation of fibrin; unlike thrombin, ancrod and 

batroxobin do not subsequently cleave fibrinopeptide B, and do not activate factor XIII so the 
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fibrin generated is not cross-linked.  It is generally believed that the fibrin aggregates generated 

by ancrod and batroxobin action on fibrinogen are soluble and readily degraded.  Details of the 

mechanism of fibrinogen binding and action have been published for batroxobin [1] and ancrod 

[2].   

 

Because of the nature of the fibrin produced by ancrod and batroxobin, physiologically they 

promote fibrinogen depletion and have been investigated as potential treatments to reduce clot 

formation under various circumstances.  Ancrod has been investigated primarily for treatment of 

ischemic stroke, however clinical trials over several decades have shown mixed results, with the 

last clinical trial for stroke ending 2008.  Batroxobin has also been investigated for stroke 

treatment and trial results have also been mixed.  Ancrod is not currently licensed in any country, 

since the therapeutic product (Arwin/Arvin) was withdrawn in the 1980s.  Ancrod has other 

indications and is currently in clinical trials for treatment of sudden sensorineural hearing loss 

(SSHL).  The proposed mechanism of action is that by reducing circulating fibrinogen, and 

therefore blood viscosity, oxygen is more effectively delivered to the inner ear.  Because of its 

anticoagulant and pro-fibrinolytic properties there is still interest in the clinical applications of 

ancrod, including for stroke treatment where a positive effect has been shown in some patient 

groups.   

 

Because batroxobin is insensitive to plasma inhibitors, it has found uses in clinical laboratories 

as a diagnostic reagent to measure batroxobin clotting time (Reptilase time), which is useful 

when plasma samples contain heparin for example, or in a research context to determine 

fibrinogen concentration or investigate fibrinogen variants.  Many batroxobin products are 

available globally under a variety of brand names, for example, Reptilase, Hemocoagulase, and 

Defibrase.    

 

The WHO 1st International Reference Preparation (IRP) for Ancrod (74/581) was established in 

1977 by the WHO Expert Committee on Biological Standardization (ECBS) [3].  Preparation 

74/581 was first established as the British Standard for ancrod with an activity of 55 units per 

ampoule and part of this batch was made available for use as an IRP.  The WHO ECBS adopted 

the national unit defining the international unit (IU) as the activity contained in one ampoule of 

74/581.   

Efforts to standardise batroxobin activity at NIBSC began in 1978 with the establishment of the 

1
st
 British Standard (code 75/527), subsequently replaced by the 2

nd
 BS, 93/526 [4].  The original 

unit assigned to the 1
st
 BS was based on the plasma clotting unit, where 2 PCU were defined as 

“the amount of enzyme in 0.1 ml which clots 0.3 ml of citrated plasma in 19 ± 0.2 s”.  The 1
st
 BS 

was assigned a potency of 65 units per ampoule.  The 2
nd

 BS, was calibrated against the 1
st
 BS in 

a study including 20 assays (with fibrinogen as substrate) in a single laboratory, and was 

assigned a potency of 50 units per ampoule [4].  It was decided to develop the WHO RR for 

Batroxobin as a step towards making a WHO IS, and the project was approved at the meeting of 

the Expert Committee on Biological Standards at WHO in 2014.  The choice of RR as the class 

of WHO reference standard was made as an intermediate step in converting the existing 2
nd

 

British Standard to a WHO International Standard.  A WHO Reference Reagent is a reference 

standard with an activity defined as a unit, and is intended to be an interim standard that will be 

replaced by a WHO IS calibrated in international units (IU).  Usually, this follow-on IS will be 

developed when the utility of the RR is confirmed and will require a collaborative study [5].  
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Available experience from previous batroxobin reference preparations was limited to a small 

number of laboratories and it was not clear how easy it would be to recruit an appropriate panel 

of expert laboratories to calibrate a WHO IS for batroxobin even though existing users were keen 

to have a replacement for the 2
nd

 BS for batroxobin.  The experience gained in calibrating the 

proposed WHO RR for batroxobin would inform a subsequent study to produce a WHO IS for 

batroxobin.   

 

The calibration of a candidate WHO RR for Batroxobin and a candidate replacement WHO IS 

for Ancrod are outlined in the current report.   

 

Materials 
 

Ancrod 
One manufacturer kindly donated a portion of their production batch of ancrod, provided as a 

frozen liquid, to be used in the preparation of the candidate WHO 2
nd

 IS for Ancrod.  According 

to the manufacturer’s safety data sheet the product was isolated from the venom of the Malayan 

pit viper (Calloselasma rhodostoma).  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 thawed and diluted to a final 

concentration of approx. 55 IU/ml (based on NIBSC analysis) in 20 mM phosphate buffer (pH 

7.4) containing 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 15/106.  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 15/106 are given in the table below. 

 

 Ancrod 15/106 

Number of containers 3767 

Mean fill mass g (CV) 1.0 (0.20%) 

Mean dry weight g (CV) 0.00743 (9.03%) 

Mean residual moisture % (CV) 1.0433 (19.34%) 

Mean oxygen head space % (CV) 0.26 (50.26%) 

 

Batroxobin 
One manufacturer provided 54.4 ml of purified batroxobin isolated from the Bothrops atrox 

moojeni, amounting to 55 000 units, sufficient to fill 1100 ampoules at approximately 50 units 

per ampoule.  The manufacturer and primary user of this standard requested we maintain 

consistency with the existing 2
nd

 British Standard, 93/526 and use the same formulation and 

freeze drying methods as far as possible.  However, filling and freeze drying equipment had been 

updated since preparation of 93/526 and 2 trial fills were performed, both of which gave 

satisfactory results.  The definitive fill was performed in June 2015 using a formulation of 10 

mM sodium phosphate buffer, containing 5 mg/ml human albumin and a target potency of 50 

units batroxobin per ampoule.  The ampoules in the fill were coded 15/140 and generated 1041 

of 5 ml DIN ampoules containing the freeze dried residue of 1 ml aliquots of the diluted material, 

lyophilised following WHO procedures as detailed in the table below.  
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 Batroxobin 15/140 

Number of containers 1041 

Mean fill mass g (CV) 1.01 (0.34%) 

Mean dry weight g (CV) 0.00720 (1.99%) 

Mean residual moisture % (CV) 1.050 (18.0%) 

Mean oxygen head space % (CV) 0.13 (27.46%) 

 

Participants 
 

A total of 18 laboratories agreed to participate and of these 17 laboratories completed the study 

and returned results. Participating laboratories represented 8 different countries (Germany (2), 

UK (6), USA (2), Netherlands (2), Switzerland (2), Poland, India and Hungary). A list of the 

participants is provided in appendix 3; 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 potency values to the candidate WHO 2

nd
 IS for Ancrod 

(15/106), relative to the WHO 1
st
 IS for Ancrod (74/581), and to the candidate WHO RR for 

Batroxobin (15/140) relative to the 2
nd

 BS for Batroxobin (93/526). 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 Exogenous Factors Subcommittee of the SSC at the 2013 SSC 

meeting, and to the Fibrinolysis Subcommittee at the 2015 meeting, with a call for participants. 

 

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

the WHO 1
st
 IS for Ancrod (74/581), labeled as Sample S1; four ampoules of the 2

nd
 BS for 

Batroxobin (93/526), labelled as Sample S2 and four ampoules each of the candidate materials 

15/106 (ancrod) and 15/140 (batroxobin), labelled as Samples A and B, respectively. 

 

While laboratories were encouraged to use their own assay method if available, it was 

recognized that both ancrod and batroxobin are more commonly used as reagents and few 

laboratories routinely perform assays for the purpose of potency estimation.  For this reason 

guidance notes and example assay protocols were provided for three different types of clotting 

assays, suitable for use with either purified fibrinogen or human plasma (fresh/frozen or 

lyophilized).  Assay methods were developed and validated at NIBSC using an ACL TOP 

500/550 automated coagulometer (Werfen), a manual KC4 coagulometer (Amelung) and also 

adapted for a 96 well microplate reader.  The assay guidance document provided to participants 

is shown in appendix 2.  Laboratories were encouraged to perform more than one method if 

possible using the ampoules provided, or additional ampoules were available on request. 

 

Each laboratory was requested to carry out four assays across two separate days or sessions, 

using fresh ampoules for each assay.  Laboratories were instructed to include all four 

preparations (S1, S2, A and B) in each of the four assays, and requested to perform their usual 
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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 Samples S1 (55 IU) and S2 (50 U) were given in the protocol, with approximate 

potencies of Samples A and B to enable an appropriate dilution regime.  Participants were 

requested to return their results as clotting times using the results sheets provided (appendix 2.) 

or in a similar format using e.g. Excel.  Laboratories using a microplate reader method were 

requested to return raw kinetic data of absorbance change versus time, in addition to any clotting 

times determined, for analysis at NIBSC as required. 

 

Of the participating laboratories that returned results, eight used an automated coagulometer, 

four used a manual coagulometer and seven used a microplate reader (laboratories 4 and 18 used 

both a manual coagulometer and a microplate reader).  Thirteen laboratories used human plasma 

as the substrate and five used fibrinogen (laboratory 18 used both plasma and fibrinogen). 

 

Statistical analysis 
Potency estimates relative to the relevant reference standard were calculated by parallel line 

analysis with a log transformation of assay response. All calculations were performed 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 test sample 

relative to the slope of the standard.  A ratio between 0.90 and 1.11 was considered to 

demonstrate acceptable parallelism. 

 

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 log10 transformed potencies). Any comparisons using t-tests (unpaired, two-tailed, equal 

variance) or analysis of variance (ANOVA) were performed using log10 transformed potency 

estimates. 

 

After exclusions (described below) potency estimates were calculated based on 63 independent 

assays for Sample A, and 65 independent assays for Sample B, from 14 of the 18 laboratories 

that received samples.  Laboratory 17 returned no results, and the following exceptions and 

deviations are reported. 

 

Laboratory 3 performed a microplate assay method using fibrinogen as substrate and returned 

results for all samples provided.  The results were however excluded from the final calculations 

due to the limitations of their assay setup, which only allowed two samples to be assayed in each 

run.  In each assay the samples included were different ampoules of the same sample (e.g. 

ampoules 1 and 2 of Sample A) and it was therefore judged not statistically valid to calculate 

potencies relative to the standards. 
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Laboratory 4 returned results for all samples against fibrinogen using a microplate method and a 

manual coagulometer.  With the manual coagulometer no replicate dilution series were included 

in the assays which are required for a full statistical assessment of linearity and parallelism of the 

dose responses.  The results from the manual coagulometer assays were therefore not included in 

the final calculation; however the potencies calculated were in general agreement with those 

reported for other laboratories.  For the microplate reader method, assays 1 and 2, the change in 

absorbance was small for Samples A and S1 at the higher doses.  This limited the data available 

to calculate clotting times and therefore no potency values are reported for these assays. 

 

Laboratory 5 reported only receiving Sample S1 and returned results for this sample only. 

 

Laboratory 8 used a microplate reader method with plasma and returned data of absorbance vs. 

time for all assays and samples.  The data were analysed at NIBSC, however high initial 

absorbance readings, close to the maximum absorbance corresponding to complete clotting, 

prevented the calculation of initial clotting times for any of the samples. 

 

The majority of assays gave valid estimates of relative potency. Exclusion of the highest dose of 

both samples was necessary in a small number of cases (two laboratories for sample A; four 

laboratories for sample B) in order to achieve a linear dose-response. A small number of assays 

(4.5%) were excluded for non-linearity or non-parallelism, as indicated in Tables 1 and 2. 

Summary of results 

 

Ancrod 

A summary of results for the candidate WHO 2
nd

 IS for Ancrod (Sample A) is shown in Table 1.  

An overall geometric mean potency was calculated using laboratory mean values to give a 

potency estimate for Sample A of 53.9 IU per ampoule, with an inter-laboratory GCV of 4.9%.  

This value is consistent with the expected potency of 55 IU based on the activity of the 

concentrated bulk material.  The intra-laboratory variation was also low with all but two GCV 

values being less than 6%.  Laboratory mean results are represented graphically in Fig 1, which 

also identifies the results by assay method and substrate.  The results appear to be randomly 

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

methods or substrates. 

 

Batroxobin 

The overall geometric mean potency for the candidate WHO RR for Batroxobin (sample B) was 

49.8 units per ampoule, which would be rounded to 50 units per ampoule, exactly the target 

potency based on the activity of the bulk material provided by the manufacturer.  All but two 

laboratories had intra-laboratory GCV’s at 6% or below and the inter-laboratory GCV was 

11.6%, which is acceptable for this type of study (see Table 2).  The spread of results and GCV’s 

indicated more variability in results for batroxobin than was the case for ancrod.  From the graph 

shown in Figure 2, there appears to be a significant difference in results obtained using 

fibrinogen compared with plasma as substrate, though this also overlaps with differences in 

methods as plate methods predominantly use fibrinogen as substrate.  Although it is difficult to 

draw definitive conclusions from a relatively small number of data sets (17, from 15 different 
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laboratories) covering 5 combinations of methods and substrates, these results do contrast with 

those returned for ancrod (S1 and A), shown in Figure 1.   

 

The apparently lower potency values observed with the fibrinogen plate methods was explored 

further by investigating the effect of changing the clotting endpoint.  Since raw data, as time 

courses of absorbance versus time, were returned for the plate assays, the effect of increasing the 

endpoint absorbance (set as a change of 0.1 in the initial analysis) was investigated.  Since it is 

known that thrombin concentration affects fibrin fibre thickness and hence absorbance, it is 

possible that absolute fibrin absorbances could similarly decrease with increasing batroxobin 

concentrations and introduce a source of variation.  This may be addressed by analyzing 

normalized absorbance curves and expressing clotting endpoints as time to a percentage of 

maximum absorbance.  However, the geometric mean potency for fibrinogen plate assays 

(laboratories 4, 10, 14 and 18) shown in Table 2, based on a fixed change in absorbance value, 

was 43.2 units per ampoule, and was not affected when recalculated based on time to 50% clot 

formation, at 42.7 units per ampoule.   

 

Additional independent assays comparing plasma and fibrinogen substrates in the KC4 manual 

method confirmed an apparent 10% higher potency when using plasma as substrate compared 

with fibrinogen (data not shown). Thus it seems to be the case that there is a small but significant 

discrepancy in activity between the 2
nd

 BS for Batroxobin, 93/526 and the candidate WHO RR, 

15/140 that is observed when comparing fibrinogen and plasma as substrate.  This is observed in 

plate methods and the automated coagulometer method.  Given the potential uses of batroxobin 

and history of standards, it is preferable to incorporate results using both plasma and fibrinogen 

as substrate as far as possible for value assignment in the current study and in future studies.   

 

One possible explanation for the different behaviour of Batroxobin, 93/526 and the WHO RR, 

15/140 with plasma or fibrinogen substrate, despite their being prepared in the same way, may be 

some deterioration of 93/526 over time.  Accelerated degradation studies on 93/526 have 

demonstrated some degradation for samples stored at elevated temperatures, since the 

manufacture of this standard 23 years ago, but the data could not be fitted to a simple model to 

predict long term stability (not shown).  Initial results after 7 months of storage of the candidate 

WHO RR, 15/140 indicate good stability at elevated temperatures, as shown in the table below.  

Continuous monitoring of stability in this way, over the coming years, will be important to guide 

future standardisation strategies. 

 

Proposals 

 

Preparation 15/106 is proposed as the WHO 2
nd

 International Standard for Ancrod, with a 

potency of 54 IU per ampoule 

 

Preparation 15/140 is proposed as the WHO Reference Reagent for Batroxobin, with a 

potency of 50 Units per ampoule 
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Participant’s response 

 
All participants that responded to the report (15/17) agreed with the proposals.  Only one specific 

question was raised in the comments, relating to the choice of geometric mean over arithmetic 

mean for potency calculations.  Geometric means were used as it is expected that potencies from 

different assays or laboratories will follow a log-normal distribution.  Other comments were 

generally complimentary to the study and report with one laboratory noting “The results of the 

laboratory tests are robust and appropriately analysed.  I completely agree with the assigned 

values of potency for both Ancrod and Batroxobin preparations”. 

 

Expert review by the FXIII and Fibrinogen Subcommittee of the 

SSC/ISTH 

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

FXIII and Fibrinogen Subcommittee of the SSC of the ISTH.  Responses were received by 7 

experts and all agreed with the proposals.  The proposals to endorse 15/106 as the WHO 2
nd

 

International Standard for Ancrod and 15/140 as the WHO Reference Reagent for Batroxobin 

were approved at the SSC Board Meeting, held in Montpellier, France on the 26 May 2016. 

 

Stability of the proposed WHO 2
nd

 IS for Ancrod (15/106) 

 
Long term stability 
Predictions for the long term stability of the proposed candidate material (15/106) will be 

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

degradation conditions.  Ampoules of the proposed candidate preparation were stored at a range 

of temperatures immediately following lyophilisation (-70 C, -20 C, +4 C, +20 C, +37 C 

+45 C and +56 °C). 

 

To provide an indication of long term stability, ampoules of 15/160 were assayed following 

storage under degradation conditions for 12 months.  Potency estimates were obtained for the 

degradation samples (-20 C, +4 C, +20 C, +37 C, +45 C and +56 °C) relative to ampoules 

stored at -20 °C in plate reader and manual coagulation assays (KC4 coagulometer) using either 

fibrinogen or plasma as substrate.  The results are presented in the table below, expressed as 

percentage of the potency result for the -20 °C samples (designated 100 %). 
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Storage 

temperature  °C 

Potency relative to -20 °C stored ampoules  

% (95% confidence interval) 

 KC4 manual coagulometer Plate reader 

 Fibrinogen 

substrate 

Plasma 

substrate 

Fibrinogen 

substrate 

Plasma 

substrate 

-20 100 100 100 100 

4 96.9 
(93.8-100.3) 

98.8 
(95.5-102.2) 

96.6 
(93.6-99.7) 

96.0 
(92.3-99.9) 

20 95.4 
(92.2-98.6) 

100.5 
(97.1-103.9) 

97.4 
(94.4-100.5) 

94.7 
(91.0-98.5) 

37 88.9 
(86.0-91.9) 

92.5 
(89.5-95.7) 

88.5 
(85.7-91.3) 

86.9 
(83.5-90.4) 

45 84.1 
(81.3-87.0) 

88.4 
(85.5-91..4) 

86.6 
(83.9-89.4) 

84.9 
(81.6-88.4) 

56 70.9 
(68.5-73.3) 

71.3 
(68.9-73.8) 

74.9 
(72.6-77.4) 

72.9 
(70.0-75.8) 

 

The results indicate that candidate material 15/140 is very stable, with no observed loss of 

potency when stored for one year up to +20 °C.  The results were also consistent between the 

different assay methods and substrates used.  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 0.123 %.  Based on the upper 95 % confidence limit of 

the predicted potency loss (0.313 % per year), the potency of 15/106 should remain above 95 % 

of the relative potency at -20 °C for at least 13 years. Stability monitoring is ongoing and will be 

assessed for longer time periods at lower storage temperatures. 

 

Bench stability following reconstitution 
To provide an indication of the stability of the proposed candidate material (15/106) throughout a 

typical assay period, the potency of 15/106 was monitored following reconstitution with distilled 

water, as recommended in the Instructions for Use (IFU).  On the day of the study two ampoules 

of 15/106 were reconstituted, transferred to a plastic tube and stored on melting ice. Samples 

were assayed at NIBSC for fibrinogen clotting relative to a freshly reconstituted ampoule at time 

zero, 2 hours, 4 hours and 8 hours, using a 96 well microplate reader. Clotting time was defined 

as the time taken to reach an optical density of 0.1 units.  Ancrod potency estimates are provided 

in the table below, expressed as a percentage of the potency estimate calculated at time zero. 

 

 

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, and the IFU for 15/106 will reflect this. 

% activity relative to fresh ampoule at time zero  

(95% confidence interval) 

2 hours 4 hours 8 hours 

97.24% 

(90.1-105.0) 

96.26% 

(90.1-102.9) 

95.84% 

(90.5-101.5) 
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Stability of the proposed WHO RR for Batroxobin (15/140) 
 

Long term stability 
Predictions for the long term stability of the proposed candidate material (15/140) will be 

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

degradation conditions.  Ampoules of the proposed candidate preparation were stored at a range 

of temperatures immediately following lyophilisation (-70 C, -20 C, +4 C, +20 C, +37 C 

+45 C and +56 °C). 

 

To provide an indication of long term stability, ampoules of 15/140 were assayed following 

storage under degradation conditions for 7 months.  Potency estimates were obtained for the 

degradation samples (-20 C, +4 C, +20 C, +37 C and +45 C) relative to ampoules stored at  

-70 °C in manual coagulation assays (KC4 coagulometer) using either fibrinogen or plasma as 

substrate.  The results are presented in the table below, expressed as percentage of the potency 

result for the -70 °C samples (designated 100 %). 

  

Storage 

temperature  °C 

Potency relative to -70 °C stored ampoules  

% (95% confidence interval) 

 Fibrinogen substrate Plasma substrate 

-70 100 100 

-20 96.9 (93.4-100.5) 96.3 (87.3-106.3) 

4 98.2 (94.7-101.9) 87.9 (79.6-97.1) 

20 99.8 (96.2-103.5) 98.3 (89.0-108.5) 

37 100.8 (97.2-104.6) 102.0 (92.4-112.6) 

45 99.2 (95.7-102.9) 101.8 (92.2-112.4) 

 

The results indicate that candidate material 15/140 is very stable, with no observed loss of 

potency when stored up to +45 °C.  Stability monitoring is ongoing and will be assessed for 

longer time periods at lower storage temperatures. 

 

Bench stability following reconstitution 
To provide an indication of the stability of the proposed candidate material (15/140) throughout a 

typical assay period, the potency of 15/140 was monitored following reconstitution with distilled 

water, as recommended in the Instructions for Use (IFU).  On the day of the study two ampoules 

of 15/140 were reconstituted, transferred to a plastic tube and stored on melting ice. Samples 

were assayed at NIBSC for fibrinogen clotting relative to a freshly reconstituted ampoule at time 

zero, 2 hours, 4 hours and 8 hours, using a 96 well microplate reader. Clotting time was defined 

as the time taken to reach an optical density of 0.1 units.  Ancrod potency estimates are provided 

in the table below, expressed as a percentage of the potency estimate calculated at time zero. 
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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, and the IFU for 15/140 will reflect this. 
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% activity relative to fresh ampoule at time zero  
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2 hours 4 hours 8 hours 
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95.5% 

(90.5-100.8) 
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Table 1.  Potency estimates (IU/ampoule) for Sample A (proposed WHO 2
nd

 IS for 

Ancrod).   

 

Lab Method Substrate Estimates GM GCV 

1 Manual Plasma 52.6 55.3 55.3 51.6 53.7 3.6% 

2 Plate Plasma 57.2 64.3 60.6 58.7 60.2 5.2% 

3 . . . . . . . . 

4 Plate Fibrinogen . . 56.9 48.8 52.7 11.4% 

5 . . . . . . . . 

6 Manual Plasma 54.5 54.2 54.8 54.6 54.5 0.5% 

7 Manual  Plasma 60.3 NP 54.9 56.2 57.1 5.0% 

8 . . . . . . . . 

9 Automated  Plasma 48.8 51.6 54.0 49.1 50.8 4.9% 

10 Plate Fibrinogen 56.3 59.6 55.2 54.2 56.3 4.2% 

11 Automated  Plasma 55.4 50.1 52.5 55.0 53.2 4.8% 

12 Automated  Plasma 50.3 49.6 51.1 50.5 50.4 1.3% 

13 Automated  Plasma 52.8 48.6 55.1 54.4 52.7 5.9% 

14 Plate Fibrinogen 56.0 51.3 48.9 NL(A) 52.0 7.2% 

15 Automated  Plasma 55.6 55.7 55.5 55.8 55.7 0.2% 

16 Automated  Plasma 52.8 55.6 52.5 51.9 53.2 3.1% 

17 . . . . . . . . 

18a Manual  Fibrinogen 48.7 52.7 52.3 51.3 51.2 3.6% 

18b Manual  Plasma 49.5 53.9 52.5 55.1 52.7 4.8% 

18c Plate Fibrinogen NL(A) 54.6 55.1 52.9 54.2 2.2% 

18d Plate Plasma 55.0 58.5 58.4 57.6 57.3 3.0% 

Overall GM 53.9 

95% CL 52.6 – 55.3 

GCV 4.9% 

GM – Geometric Mean 

GCV – Geometric Coefficient of Variation 

NL – Non-linear 

NP – Non-parallel 

CL – Confidence Limits  
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Table 2.  Potency estimates (U/ampoule) for sample B (proposed WHO RR for 

Batroxobin).   
 

 

Lab Method Substrate Estimates GM GCV 

1 Manual Plasma 55.3 51.7 52.6 54.1 53.4 3.0% 

2 Plate Plasma 47.3 48.9 49.1 48.8 48.5 1.8% 

3 . . . . . . . . 

4 Plate Fibrinogen 45.2 46.3 45.2 46.2 45.7 1.3% 

5 . . . . . . . . 

6 Manual Plasma 58.2 57.8 55.8 56.2 57.0 2.1% 

7 Manual  Plasma 53.1 54.8 55.3 57.1 55.1 3.0% 

8 . . . . . . . . 

9 Automated  Plasma 55.3 53.9 53.7 53.8 54.2 1.4% 

10 Plate Fibrinogen 38.6 39.4 40.4 NP 39.5 2.4% 

11 Automated  Plasma 49.1 49.3 52.4 48.2 49.7 3.7% 

12 Automated  Plasma 47.3 50.1 49.5 NL(B) 48.9 3.1% 

13 Automated  Plasma 44.1 55.3 47.6 57.9 50.9 13.5% 

14 Plate Fibrinogen 54.4 39.8 51.6 NL(S2) 48.2 18.3% 

15 Automated  Plasma 54.1 56.2 55.0 53.5 54.7 2.1% 

16 Automated  Plasma 50.5 53.6 58.1 54.6 54.1 6.0% 

17 . . . . . . . . 

18a Manual  Fibrinogen 46.7 46.6 48.3 45.9 46.8 2.2% 

18b Manual  Plasma 58.0 57.1 58.2 52.7 56.4 4.7% 

18c Plate Fibrinogen 39.5 40.0 41.5 38.7 39.9 3.1% 

18d Plate Plasma 47.9 45.2 46.7 49.4 47.3 3.8% 

Overall GM 49.8 

95% CL 47.0 – 52.6 

GCV 11.6% 

GM – Geometric Mean 

GCV – Geometric Coefficient of Variation 

NL – Non-linear 

NP – Non-parallel 

CL – Confidence Limits 
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Figure 1.  Potency estimates (IU/ampoule) for sample A (proposed WHO 2
nd

 IS for 

Ancrod).  Columns represent the number of laboratories with results in the corresponding ancrod 

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

The number identifies the laboratory and shading identifies the assay method and substrate used.
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Figure 2.  Potency estimates (U/ampoule) for sample B (proposed WHO RR for Batroxobin).  

Columns represent the number of laboratories with results in the corresponding ancrod 

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

The number identifies the laboratory and shading identifies the assay method and substrate used. 
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Appendix 1. Study protocol 

 
Calibration of the proposed WHO International Reference Materials for Ancrod and 

Batroxobin 

 

Study protocol CS557 
 

1.  SAMPLES PROVIDED FOR ASSAYS 

 

4 ampoules of each of the following samples are provided: 

 

S1:  WHO 1
st
 International Standard for Ancrod (74/581) containing 55 IU per 

ampoule  

 

S2:  2
nd

 British Standard for Batroxobin (93/526) containing 50 units per ampoule  

 

A:  Candidate WHO 2
nd

 International Standard for Ancrod containing approx. 55 IU 

per ampoule 

 

B:  Candidate WHO 1
st
 International Standard for Batroxobin containing approx. 50 

units per ampoule 

 

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

documents provided with the samples. 

 

Laboratories performing assays using more than one method are requested to perform all 

methods using the same ampoule sets. 

 

2.  STORAGE AND RECONSTITUTION OF SAMPLES S1, S2, A AND B 

 

Samples S1, S2, 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 (Samples S2, A and B) 

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 
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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  

 

Directions for opening Sample S1 
Tap the ampoule gently to collect the material at the bottom (labelled) end. Ensure ampoule is 

scored all round at the narrow part of the neck, with a diamond or tungsten carbide tipped glass 

knife file or other suitable implement before attempting to open. Place the ampoule in the 

ampoule opener, positioning the score at position 'A'; shown in the diagram below. Surround the 

ampoule with cloth or layers of tissue paper. Grip the ampoule and holder in the hand and 

squeeze at point 'B'. The ampoule will snap open. Take care to avoid cuts and projectile glass 

fragments that enter eyes. Take care that no material is lost from the ampoule and that no glass 

falls into the ampoule.  

 

          
 

Side view of ampoule opening device containing an ampoule positioned ready to open. 'A' is the 

score mark and 'B' the point of applied pressure. 

 

3. STUDY PLAN, ASSAY METHOD AND DESIGN 

 

Please use your own assay method if one is available, adapting it to the study requirements 

described below.  The attached document “Guidelines on clotting assays for Ancrod and 

Batroxobin” provides example methods for automated and manual coagulometer instruments as 

well as a plate reader method. 

 

Note on sample dilutions 

Ancrod units (IU) and Batroxobin units are not equivalent and assay dilutions should be treated 

differently.  The candidate materials for both Ancrod (sample A) and Batroxobin (sample B) 

have been filled to approx. the same potency as the corresponding standards, so samples S1 and 

A may be diluted into the same range; and S2 and B may be treated the same.  Generally we 

have found for clotting assays that Ancrod requires approx. 2–2.5 fold higher initial dilution than 

Batroxobin, followed by doubling dilutions for both.  More details with method specific 

examples of dilution ranges can be found in the attached document “Guidelines on clotting 

assays for Ancrod and Batroxobin”.  
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You are requested to carry out 4 assays across 2 separate days or sessions.  Fresh ampoules of 

S1, S2, A, and B should be used for each of the 4 assays.  

 

All 4 preparations (S1, S2, 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 S1 S2 A B B’ A’ S2’ S1’ 

Assay 2 S2 A B S1 S1’ B’ A’ S2’ 

Day/session 2 
Assay 3 A B S1 S2 S2’ S1’ B’ A’ 

Assay 4 B S1 S2 A A’ S2’ S1’ B’ 

 

Statistical analysis requires a dilution range of at least 3 doses.  Each letter (S1, S2, A and B) 

refers to a set of ≥ 3 different dilutions, and S1’, S2’, A’ and B’ refer to replicate sets of dilutions 

made independently from the same ampoule.  Assays should be completed within 4 hours of 

sample reconstitution. 

 

4. RESULTS 

 

Please return the raw data from your assays by e-mail to craig.thelwell@nibsc.org and 

colin.longstaff@nibsc.org no later than 22
nd

 January 2016.   

 

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. clotting time) rather than as % or units relative to an in house standard.  

 

For plate reader assays it would be useful to also receive the raw data exported to Excel in a time 

vs OD format.  Softmax files (for Molecular Devices plate readers) may be sent without data 

export as we are able to open these files directly. 

 

If you have any questions at all about the study, assay methods or reporting of results 

please do not hesitate to contact us. 

 

 

  

mailto:craig.thelwell@nibsc.org
mailto:colin.longstaff@nibsc.org
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Calibration of the proposed WHO International Reference Materials for 

Ancrod and Batroxobin 

CS557: Results sheet 

 

Laboratory: 
 

 

 

Name: 

 

 

Method: Provide brief details e.g. equipment used, substrate - fibrinogen or plasma, algorithm used to calculate 

clotting time – e.g. time to OD (please specify OD) 
 

 

 

 

 

 

 

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 (e.g. clotting time) rather 

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

 

 

EXAMPLE 

 

Example dilutions and clotting times are provided here in red as an example.  The range of actual 

clotting times may vary depending on the assay method used (e.g. plate reader methods typically 

have longer clotting times) 

 

 
RESULT 

S1 S2 A B B’ A’ S2’ S1’ 

Pre-dilution: - 

 
1/25 1/10 1/25 1/10 1/10 1/25 1/10 1/25 

D1 

 
1/1 18.7 19.1 20.6 19.2 19.4 18.6 17.6 20.1 

D2 

 
1/2 35.2 34.4 37.0 35.1 33.8 34.8 32.9 33.9 

D3 

 
1/4 64.0 61.4 68.2 66.0 67.4 69.3 68.4 66.2 

D4 

 
1/8 115.8 110.6 122.8 123.4 118.8 120.4 119.7 118.7 
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Day 1. 

 

Assay 1 

 

 RESULT 

S1 S2 A B B’ A’ S2’ S1’ 

Pre-dilution: -  

 

        

D1  

 
   

        

D2 

 
 

        

D3 

 
 

        

D4 

 
 

        

 

 

Assay 2 

 

 RESULT 

S2 A B S1 S1’ B’ A’ S2’ 

Pre-dilution: -  

 

        

D1  

 
   

        

D2 

 
 

        

D3 

 
 

        

D4 
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Day 2. 

 

Assay 3 

 

 RESULT 

A B S1 S2 S2’ S1’ B’ A’ 

Pre-dilution: -  

 

        

D1  

 
   

        

D2 

 
 

        

D3 

 
 

        

D4 

 
 

        

 

 

 

 

Assay 4 

 

 RESULT 

B S1 S2 A A’ S2’ S1’ B’ 

Pre-dilution: -  

 

        

D1  

 
   

        

D2 

 
 

        

D3 

 
 

        

D4 
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Appendix 2.  Participants assay guidance document  

Guidelines on clotting assays to measure Ancrod and Batroxobin  

 

Laboratories are requested to perform their own assay methods as far as possible.  This document 

is intended to provide guidelines for adapting existing methods to conform to the requirements of 

the study protocol (provided as a separate document).   

For laboratories with no existing method, additional experimental details are provided below for 

laboratories using an automated coagulometer (e.g. Werfen ACL TOP), a manual coagulometer 

(e.g. Amelung KC4A) and a 96 well plate reader. 

Assays may be performed using either purified fibrinogen or human plasma.  Details are 

provided for the use of both. 

 

Preparation of reagents and buffers 

Stock Buffer 

10mM HEPES, 150mM NaCl, pH 7.4  

 2.38 g/L HEPES, 8.77 g/L NaCl (adjust pH to 7.4 with approx. 4 ml/L 1M NaOH) 

Sample Dilution Buffer 

Stock buffer + 1mg/ml albumin 

Fibrinogen Stock Solution 

A stock solution of 50 mg/ml fibrinogen may be prepared, which can be aliquoted and flash 

frozen for storage at ≤ -20°C. 

e.g. One bottle of 500 mg fibrinogen dissolved in 10 ml Stock Buffer with gentle stirring 

for 30 mins.  

Human Plasma Stock Solution 

Lyophilised or fresh/frozen plasma are suitable substrates which should be freshly reconstituted 

or thawed for each assay.   

Ampoule reconstitution 

Samples S1, S2, A and B should be handled and reconstituted as described in the study protocol. 
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Automated coagulometer method 

For this method we adopted the ‘Thrombin Time 2ml’ (TT2) programme on the Werfen ACL 

TOP 500 analyser, although similar methods (such as Reptilase Time) on other analysers may be 

appropriate, or a method could adapted or programmed manually. 

The TT2 method measures clotting at 405 nm, with an acquisition time of 60 s and a delay of 3 s.  

The enzyme (usually thrombin, in this case ancrod or batroxobin) is mixed 1:1 with fibrinogen or 

plasma (80 μl of each, total volume 160 μl) in a cuvette and clotting is monitored by absorbance 

change over time.  Results are reported as clotting times based on a threshold OD. 

Assay modifications 

We made two significant changes to the usual protocol for this method.  Typically this method is 

used to test the clotting potential of human plasma.  As such the reagent is thrombin and the 

samples are plasma.  For our purpose the clotting enzyme (ancrod/batroxobin) is the test sample, 

and plasma (or purified fibrinogen) is the reagent.  We therefore replaced thrombin as the reagent 

with plasma/fibrinogen, and the test was run with sample dilutions in the sample cups instead of 

plasma. 

The second change was to use the ‘extended time’ version of the test (TT2E), which has an 

extended acquisition time of 300 s.  Because we are using a dilution range, rather than the 

intended single point measurement, the higher sample dilutions produced clotting times outside 

of the normal 60 s.  As a result the test ‘fails’ and an automated re-run of the assay is triggered 

using the extended protocol.  This uses more sample and reagent and extends the time of the 

assay.  We preferred to run the extended version TT2E by default. 

 

Preparation of working reagents 

Fibrinogen working solution 

Thaw one 0.5 ml aliquot of Fibrinogen Stock Solution in a 37 °C water bath (approx. 5-10 mins) 

and dilute with 3.6 ml of Stock Buffer to give a 6 mg/ml working solution.  Prepare immediately 

before use and store at room temperature.  

Human plasma working solution 

If plasma is being used instead of fibrinogen, dilute the stock plasma 1:1 with Stock Buffer. 
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Sample pre-dilution (D1) 

Prepare replicate pre-dilutions (two for each sample) as indicated in the table below 

Sample Sample pre-dilution 

Example pre-dilution 

Sample (μl) 
Sample Dilution 

Buffer (μl) 

S1 1/10 100 900 

S2 1/5 200 800 

A 1/10 100 900 

B 1/5 200 800 

 

Sample  working dilutions (D1-D4) 

From the sample pre-dilutions above (D1) make three additional doubling dilutions for each of 

S1, S2, A and B in Sample Dilution Buffer and maintain at room temperature 

Dilution Sample pre-dilution (l) Sample Dilution Buffer (μl) 

D1 400 0 

D2  400 (D1) 400 

D3 400 (D2) 400 

D4 400 (D3) 400 

 

Running the assay 

1. Place 32x 2ml sample cups into the racks representing each of the 4 dilutions for each of the 

samples S1, S2, A and B and replicates S1’, S2’, A’ and B’.   

2. Transfer at least 250 μl of each sample working dilution into the corresponding cup 

(remembering to follow the balanced design for each assay as described in the study protocol 

document) 

3. Place the racks into the tracks on the sample area of the ACL TOP and lock into position 

4. Enter a unique sample identification number in the ACL software e.g. Assay1 S1 D1 

5. Select the required test (TT2E) and apply to all samples 

6. Add the Fibrinogen or Plasma working solution to an appropriate sized reagent bottle NOTE: 

make sure the correct bottle size is selected for Thrombin in the material definition list, with 

an appropriate volume threshold (e.g. if using a 4 ml bottle change the volume threshold to 

0.3 ml) 

7. In the material definition list select the Thrombin reagent and de-deselect ‘Enable lot 

management’.  This will ensure no expiry date is registered for the material when it is loaded 

onto the machine 
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8. Place a blank label on the bottle to prevent the scanner registering the ‘no reagent’ barcode 

through the bottle 

9. Place the reagent bottle containing fibrinogen (or plasma) into a reagent rack and load onto 

the machine.  Select Thrombin as the identifier for this reagent. 

10. Place 2x 20 ml reagent bottles containing a 1/8 diluted Clean B solution (e.g. 2 ml Clean B + 

14 ml water) into a dilution rack and a reagent rack and load onto the machine (e.g. bottle 1 

in D1 and bottle 2 in any of R1-R4) 

11. When all samples and reagents have been entered click on the ‘perform’ icon and the test run 

will begin 

12. When the run is complete the results will print automatically.  Please record the clotting 

times on the results sheets provided. 
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Manual coagulometer method 

The following method has been validated using an Amelung KC4A coagulometer.  Reaction 

volumes may be adjusted as required for use with similar instruments. 

Preparation of working reagents 

Fibrinogen working solution 

Thaw one 0.5 ml aliquot of Fibrinogen Stock Solution in a 37 °C water bath (approx. 5-10 mins) 

and dilute with 6.5 ml of Stock Buffer give a 3.6 mg/ml working solution.  Prepare immediately 

before use and store at room temperature.  

Human plasma working solution 

If plasma is being used instead of fibrinogen, dilute the stock plasma 1:1 with Stock Buffer. 

Sample pre-dilution (D1) 

Prepare replicate pre-dilutions (two for each sample) as indicated in the table below 

Sample Sample pre-dilution 

Example pre-dilution 

Sample (μl) 
Sample Dilution 

Buffer (μl) 

S1 1/25 40 960 

S2 1/10 100 900 

A 1/25 40 960 

B 1/10 100 900 

 

Sample  working dilutions (D1-D4) 

From the sample pre-dilutions above (D1) make three additional doubling dilutions for each of 

S1, S2, A and B in Sample Dilution Buffer and maintain at room temperature 

Dilution Sample pre-dilution (l) Sample Dilution Buffer (μl) 

D1 400 0 

D2  400 (D1) 400 

D3 400 (D2) 400 

D4 400 (D3) 400 
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Clotting procedure 

The clotting reaction is performed as follows: 

1. Switch on and allow the KC4A to reach operating temperature before starting 

2. Add one steel bead into each cuvette and place into the heating incubation slot on the KC4A 

3. Pre-warm sample working dilutions on the KC4A at 37 °C 

4. Pre-warm 200 μl of fibrinogen working solution (or plasma working solution) into pre-

warmed cuvettes and incubate at 37 °C in the circulating position (approx. 3 mins).  

5. Add 100 μl of pre-warmed sample working dilutions to the cuvette and immediately start 

measurement. 

6. Record clotting times on the results sheets provided 

Please follow a balanced assay design, as described in the study protocol, to rotate the order that 

the samples are tested. 
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Plate reader method 

Preparation of working reagents 

Fibrinogen working solution 

Thaw one 0.5 ml aliquot of Fibrinogen Stock Solution in a 37 °C water bath (approx. 5-10 mins) 

and dilute with 6.5 ml of Stock Buffer give a 3.6 mg/ml working solution.  Prepare immediately 

before use and store at room temperature.  

Human plasma working solution 

If plasma is being used instead of fibrinogen, dilute the stock plasma 1:1 with Stock Buffer. 

Sample pre-dilution (D1) 

Prepare replicate pre-dilutions (two for each sample) as indicated in the table below 

Sample Sample pre-dilution 

Example pre-dilution 

Sample (μl) 
Sample Dilution 

Buffer (μl) 

S1  1/25 40 960 

S2 1/10 100 900 

A 1/25 40 960 

B 1/10 100 900 

 

Sample  working dilutions (D1-D4) 

From the sample pre-dilutions above (D1) make three additional doubling dilutions, using a 

multi-channel pipette in a 96 well plate, for each of S1, S2, A and B in Sample Dilution Buffer 

and maintain at room temperature (as shown in the plate diagram below in blue) 

Dilution Sample pre-dilution (l) Sample Dilution Buffer (μl) 

D1 200 0 

D2  100 (D1) 100 

D3 100 (D2) 100 

D4 100 (D3) 100 
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Using a multi-channel pipette transfer 20 μl of each dilution into the corresponding wells in the 

lower half of the plate (as shown in yellow below): 

 

 

 

 

 

 

 

 

Clotting procedure 

NOTE: For each of the 4 assays please follow a balanced assay design, as described in the study 

protocol, to rotate the order that the samples are tested. 

1. Set the plate reader to 37 °C and program a kinetic reading at 405 nm over 90 mins with 20 s 

intervals 

2. Pre-warm the plate, and the fibrinogen (or plasma) working solution, to 37 °C for 5 minutes 

  S1 S2 A B B’ A’ S2’ S1’    

 1 2 3 4 5 6 7 8 9 10 11 12 

A  D1 D1 D1 D1 D1 D1 D1 D1    

B  D2 D2 D2 D2 D2 D2 D2 D2    

C  D3 D3 D3 D3 D3 D3 D3 D3    

D  D4 D4 D4 D4 D4 D4 D4 D4    

E             

F             

G             

H             

             

  S1 S2 A B B’ A’ S2’ S1’    

 1 2 3 4 5 6 7 8 9 10 11 12 

A  D1 D1 D1 D1 D1 D1 D1 D1    

B  D2 D2 D2 D2 D2 D2 D2 D2    

C  D3 D3 D3 D3 D3 D3 D3 D3    

D  D4 D4 D4 D4 D4 D4 D4 D4    

E  D1 D1 D1 D1 D1 D1 D1 D1    

F  D2 D2 D2 D2 D2 D2 D2 D2    

G  D3 D3 D3 D3 D3 D3 D3 D3    

H  D4 D4 D4 D4 D4 D4 D4 D4    
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3. Using a multi-channel pipette add 80 μl of fibrinogen (or plasma) working solution to the 

sample dilution wells (lower half of the plate) 

4. Immediately place the plate into the reader and start the program 

5. The clotting time is recorded as the time taken for the optical density to reach 0.1 units, 

relative to the starting optical density.  If this is an option for your plate reader software 

please record these clotting times on the results sheets provided 

6. When you return your results please also attach the raw data files.  If you use Softmax 

software (Molecular Devices) please send the results files as we can open these directly.  If 

not please export the data into Excel as OD vs time to allow us to calculate clotting times as 

necessary 
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Appendix 4. Draft IFUs 
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