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SUMMARY 

An international collaborative study was organised to establish the lSt International Standard (IS) 
for Alpha-] -Antitrypsin (AAT) as agreed at the Alpha-l Foundation Workshop, April 2005, 
Cincinnati, USA. The study involved 15 laboratories from 10 different countries. Laboratories 
were provided with detailed methods and critical reagents and were asked to measure the potency 
of 4 candidate standards (A, 051150; B, 05/152; G, 051162 and D, 051172). In addition 
laboratories with relevant 
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experience were invited to carry out extended characterisation of the materials, including total 
protein and antigen content for which an additional reference preparation was pro\iided. Analysis 
of the data indicated that any of the candidates would be suitable based on potency 
determination. Initial stabiliq studies following 6 - 8 months of accelerated degradation at 
elevated temperatures showed no loss of potency for any of the candidates. Candidate C had the 
lowest tiariability of filling. and the largest number of ampoules available. it is therefore proposed 
that candidate C (051 162) be adopted as the 1 S' International Standard for Alpha- l -Antitrypsin 
with a potency of 243 nmoles (1 2.4 mg) active AAT per ampoule. The remaining candidates 
could sene  as replacement standards (in the order A, B and D) once C has been depleted, 
dependent on the stability of each materia1,Total protein and antigen content was detemined for 
each candidate which also allows for calculation of specific activity. The results were variable 
between laboratories and between the different methods and depended on the protein standard 
used. Further complications arose relating to the molecular weight cited for the AAT standard, 
where this was used. Additional discussions or studies will be needed before a value for total 
protein or antigen can be assigned. Therefore, at this stage we do not recommend assigning 
values for total protein, antigen or specific activity to the AAT International Standard. 

INTRODUCTION 

AAT belongs to the serpin (serine proteinase inhibitor) family, however its physiological target is 
elastase. Plasma derived therapeutic AAT products are used to treat Alpha- l -Antitrypsin 
Deficiency (Alpha-l), a genetic disorder identified in virtually all populations that can cause liver 
and lung disease in adults and children. Alpha-1 is often misdiagnosed as asthma or smoking- 
related COPD (chronic obstructive pulmonary disease), and as many as 3 % of all people 
diagnosed with COPD have Alpha-l. The World Health Organization (WHO) American 
Thoracic Society (ATS) and European Respiratory Society (ERS) recommend that all individuals 
with COPD be tested for Alpha-l. 

A need for reference preparations to standardise the measurement of potencies of therapeutic 
products of AAT has been identified by regulators and industry. The European Official Control 
Authority Batch Release (OCABR) guidelines for 2005 list solubi l i~  ar-zd appearance and 
potency as requirements, and a European Pharmacopoeia monograph is currently being prepared 
by Croup 6B, which will depend on the establishment of an IS for potency determinations. 

In the absence of an IS and therefore an International Unit (IU) for AAT, and in line with the 
current drive to extend the use of S1 units where possible, an ageement was reached to calibrate 
a new IS in terns of moles (andJor milliprams) of a~t ive  inhibitor per ampoule, This is aIso in 
line with the current labelling practice of licensed AAT therapeutic products, 

A plan for this study, including the choice of materials and methods, was agreed by 
representatities from academia, industv and regulatoy authorities (including NfBSG, 
FDNCBER and Group 6B of the European Phamacopoeia) at the ,.2lpha-I Foundation 
MTorkshop, April 2005, Cincinnati. USA. The plan was finalised at this meeting by a sub-group 
of part.icipants (Appendix A), including major manufacmrers of therapeutic products. 
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Intended use of the standard 

Although the IS will be defined in S1 units based on absolute measurements using the methods in 
this study, the same methods are not intended to be used to assign potencies to unknotvn 
preparations. Rather the IS wit1 be used as a reference preparation in comparative assays. 
typically titration against the physiological target elastase, to assign potencies to test samples 
relative to the IS in moles or milligrams. 

The potency of future replacement standards could either be assigned by absolute measurement 
of active inhibitor. as with this study, or based on the potency of the previous standard in a 
traditional comparative study. 

PARTICIPANTS 
g##& 
-W A total of 17 of the 2 1 invited laboratories from I0 countries agreed to participate in the study. 

15 laboratories returned results (US (51, France (21, UK, Germany, Spain, Ireland, Austria, 
Sweden, Israel and Australia) including 5 regulatory laboratories, l academic and 9 from 
industry. Participating laboratories are listed in Appendix B. Each laboratory was assigned a 
code number and the order of listing does not correspond to the identifLing number assigned to 
each laboratory. 

MATERIALS 

Candidate materials were provided by four manufacturers: Baxter Bioscience, Vienna. Austria; 
ZLB Behring, Illinois, USA; Talecris Biotherapeutics, North Carolina, USA; and Arriva 
Pharmaceuticals Inc, California, USA. Baxter, ZLB Behring and Talecris provide most of the 
therapeutic AAT used worldwide at the current time. Several smaller scale trial fills were 
performed to optimise freeze drying protocols. For the definitive fills, all manufacturers were 
requested to provide 100 g of material sufficient for a fill of 10000 ampoules at 10 mg per 

b% ampoule. Baxter Bioscience provided 200 vials of 0.5 mg freeze dried material; Talecris 
\a- Biotherapeutics provided 2 litres of material at a concentration of 50 - 55 mgiml: ZLB Bebring 

provided 1 00 vials of 1 g freeze dried material. Each of these was prepared from pooled human 
plasma that has been tested and found negative for HBsAg. WIV antibody, HCV antibody and 
FICV RNA by PCR. Arriva Pharmaceuticals provided 200 m1 frozen material at a concentration 
of 50 mgiml. This material was recombinant, expressed and purified from yeast. Manufacturers 
provided package inserts or other details of fractionation and production where appropriate and 
this information is stored with the relevant filling records. 

The four batches of material were reconstituted and'or diluted to a final concentration of 10 
mgh1  AAT (based on the manufacturer's information) in 17 rnM phosphate; 38 rnM chIoride, 8 1 
mM sodium at pH 7.0. Mannitol (144 mM) was added as a bulking agent to all materials except 
candidate B. where albumin naturally present from the purification process served this purpose. 
Ampoules were prepared corresponding to the 3 AAT preparations and .\n ere coded 0511 50; 
05;152: 05ilS2 and 05'1 72. and designated for the study as candidate preparations A. B, C and D 
respectively (note: this does not correspond to the order of the manufacturers listed above). The 
filling and lyophilization of the candidate materials \%as completed successfully, folloming WHO 
procedures. The ampoules were filled b! and are stored at XIBSG, Potters Bar, L'K, at -20 'C, in 
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the custody of Dr C Longstaff and Dr C Thelwell. DetaiIed physicochemical characterisation of 
the filled candidate materials was performed as outlined be lot..^ (see extended chavacterisafion). 

For pmicipants carrying out total or antigenic protein concentration determination a reference 
AAT preparation was made available from Athens Research and Technology (ART), Athens, 
Georgia, USA. This AAT preparation (lot no. PI2006-WHO; catalogue no. 16- 16-0 1 1609) was 
prepared from human plasma by a non-commercial-scale, chromatography procedure. A protein 
concentration of 19.2 pM was assigned to the preparation by ART, based on an A280 value of 
0.449 applying an E'% of 0.433 and a molecular weight of 54 kDa. The assigned concentration 
based on functional activity was 18.7 pM. Purity was stated as greater than 99 % by SDS-PAGE 
under reducing and non-reducing conditions. The material u7as prepared from plasma shou~n to 
be non-reactive for HBsA, anti-HCV, anti-HBv, and negative for anti HIV 1 & 2 by FDA 
required tests. 

Stability of candidate reference preparations 

Each of the candidates A (051150) B (051152) G (051162) and D (051172) were subjected to 
accelerated degradation trials by storing ampoules at -20, 20, 37, and 45 'C from the filling date 
(see table above). The potency of each of the candidates at the different storage temperatures was 
measured by titration against trypsin, using the plate reader method described in this report. Four 
laboratories (NIBSC, Potters Bar, UK; Baxter Bioscience Bioscience, Vienna, Austria; 
Octapharma PPG, Vienna, Austria & Paul-Ehrlich-Institute, Langen, Germany) were asked to 
perform four separate assays, one for each of the candidates, including triplicate measurements of 
four dilutions of each storage temperature. If time was permitting the laboratories were asked to 
repeat this with fresh ampoules and sample rotation within the plate. A11 four laboratories 
returned results, with three also carrying out the requested repeat. The potencies of the samples 
stored at elevated temperatures were compared to those stored at -20 'C and the results expressed 
as relative % activity are provided below. 
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From the results above no significant loss of activity was observed over the stated time period. 
Ongoing accelerated degradation studies will determine the long term stability of the materials. 
Ampoules of each of the candidates are in continuous storage at -20.4. 20, 37,45 and 54 "G and 
will be assayed periodically. The nature of this study offers an advantage for monitoring 
stability, as it is possible to measure the absolute potency of the -20 "C samples using the 
methods described betow. Traditionally the degradation of samples stored at elevated 
temperatures are measured by comparison to a reference temperature (often -20 "C) and assume 
that the reference sample is stable. Because we can measure absolute potencies against active- 
site titrated trypsin. we also have the option of measuring absolute loss of activity at all 
temperatures. 

An additional indication of the long term stability of AAT preparations is provided by earlier 
stability data of a trial fill from a previous investigation involving two plasma-derived. and one 
recombinant AAT product, in 1999. A number of ampoules of each of these materials were 
stored under accelerated degradation conditions at 4,20,37 and 45 'C over a period of 4 years. $** 

22* 
-4 Assays show that AAT standards retain 75 % of their original activity even after storage at 45 'C 

for 4 years. The relative potencies of these samples over time can be modelled to provide an 
estimate of annual loss of potency. Data was successklly fitted to the Arrhenius Equation 
predicting a loss as low as 0.2 % per year at -20 'C. 

In a11 our studies so far we have no indications of problems with stability of samples kept on ice 
after reconstitution. End users will be advised that if they wish to store samples for extended 
periods after reconstitution, or freeze and thaw aliquots, they should evaluate these procedures 
themselves. 

ASSAY METHODS AND STUDY DESIGN 

Assigning a potency value to the candidate reference preparations 

To assign a potency value to a preparation of AAT a titrant of known activity rnust be used. In 
the absence of an active-site titrant for elastase, the physiological target for AAT, porcine trypsin 

@<j W= was substituted. AAT inhibits trypsin in the same way as eIastase and it was agreed that porcine 
trypsin would be the most suitable replacement based on the recommendations of manufacturers 
and other experienced groups. The first part of this method is therefore to determine the O/o 
activity of a batch of trypsin, follovied by titration of k 4 T  against this trypsin. 

For the first part ofthe study participants with experience of active-site titrations were asked to 
titrate trypsin against 4-Nitrophenyl4-guanidinobenzoate hydrochloride WPCB). Using this 
me&od. the substrate NPCB is added to a solution of tqpsin causing a burst of activity and 
release of cbromophore, but the substrate is turned over very slowly. The magnitude of the burst, 
quantified by reference to a standard cun.e of 4-nitrophenol, is equivalent to the molar 
concentration of active trypsin. Each parlicipant was provided with a detailed protocol and the 
following reagents supplied by Sigma: NPGB (Catalogue no. 51 05; Lot 426584/1), Type TX 
Tqpsin from Porcine Pancreas ( C a l a l o ~ e  no. T0303: Lot 045K7775) and 4-Nitrophenol. 
PESTANAL. analytical shndard (Catalogue no. 35836; Lot 4278x1. 



WHOIBS105.2044 
Page 6 
Participants were requested to provide accurate details of the trypsin solution prepared to 
determine the total tsypsin concentration. This included: the amount of trypsin weighed out and 
absorbance readings at 280 nm (A2801 of dilutions in triplicate. The trypsin concentrations were 
caIculated using a molecular weight of 23.4 M)a and an extinction coefficient (E"") of 15.0 as 
stated on the product infornation sheet provided by Sigma. Five different dilutions of trypsin 
were titrated against NPCB with the absorbance at 402 nrn monitored over 3 minutes. Three 
replicate assays were requested, with the raw data to be returned to NIBSC for analysis. In 
addition participants were requested to generate a standard curve of 4-nitrophenol (using the 
analytical standard preparation provided) in triplicate according to the protocol provided. 

Titration ofAA r f  against t ~ p s i ~  

All participants were asked to perform this part of the study. A known molar concentration of 
trypsin (determined above) is mixed with increasing alnounts of AAT. Since trypsin and AAT 
are known to form a 1 : l  complex, extrapolation to 100 % inhibition of the AAT titration curve 
can be used to calculate the molar concentration of AAT present. Each lab was provided with a 
detailed protocol with methods for kinetic and endpoint assays in 96 well plate or cuvette format. 
Only one of these methods was required, with the choice made based on the equipment and 
experience available. In addition each lab was provided with the following reagents supplied by 
Sigma: Type IX Trypsin from Porcine Pancreas (Catalogue no. T0303; Lot 045K77751, N,- 
Benzoyl-L-arginine 4-nitroanilide Hydrochloride (L-BAPNA) (Catalogue no. B3 133; Lot 
095K 1482) and Alpha- l -antitrypsin candidates (6x l0  mg (approx.) ampoules of the four 
candidates: A, B, C and D). 

Participants were again requested to provide accurate details of the trypsin solution prepared to 
determine the total trypsin concentration. This included: the amount of trypsin weighed out and 
triplicate A280 readings. In each assay, complexes were formed between dilutions of AAT and a 
fixed concentration of trypsin. The residual trypsin activity was measured using the chromogenic 
substrate L-BAPNA. For the plate reader method 4 different dilutions of each AAT candidate 
were used in triplicate, with 4 assays requested. In each of the 3 assays the position of each of 
the candidates within the plate was rotated to prevent any positional bias. For the 
spectrophotometer method 2 assays of 5 AAT dilutions were requested. Blanks without trypsin 
and trypsin alone (no AAT) were included in both methods. Participants were requested to return 
raw data to NIBSC for analysis. 

Total protein concentration determination by Bradford assay. 

Participants i$ ere invited to detemine the total protein concentration per ampoule of each 
candidate by the Bradford assay, to allow the calculation of the specific activity of M T .  No 
protocol was provided and participants were requested to use the standard protocol utilised in 
their Iaboratory using their usual in-house reference standard, in addition to the reference AAT 
preparation from ART. 

Antigenic determination of AAT concentration, 

This part of the study m-as designed to determine the feasibility of utiIising the candidate 
reference materials as an antigenic reference standad, as welI as a firnctional activity standard for 
AAT. No protocol was provided and parlicipants .u7ere requested to use their usual protocol and 
in-house reference standard in addition to the reference AAy preparation from ART. 
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Extended characterisation 

Laboratories with expertise in characterising AAT using a range of techniques were invited to 
provide additional analysis of each of the candidate materials, Data was invited from SDS- 
PAGE, Isoefectric focussing (IEF), mass spectrometry (MS) and size exclusion chromatogl-aphy 
(SEC). 

RESULTS 

Assigning a potency value to the candidate reference preparations 

Raw data were returned by 12 laboratories. A molar extinction coefficient for 4-nitrophenol was 
-3% we +$ calculated from a standard curve for each lab, using a molecular weight of 139.1 I (Table 1 j. 

Active-site titration data were analysed by plotting absorbance at 402 nm against time and fitting 
a curve describing a burst followed by steady state phase. The linear steady state phase was 
extrapolated back to time zero and this absorbance corresponds to the initial burst of 4- 
nitrophenol. The moles of 4-nitrophenol released in each burst was calculated using the molar 
extinction coefficient for each lab, and also the mean of all the 4-nitrophenol extinction 
coefficients frorn the study (an overview of the analysis of the active-site titration data is given in 
appendix C). These values correspond to the moles of active trypsin for each dilution. The mean 
of these values was taken (corrected for the dilution factor) and an overall mean and standard 
deviation was calculated from the three replicate assays from each lab. One-way analysis of 
variance was carried out for the data from all labs for each trypsin dilution, and there was no 
significant difference between the results obtained for each dilution. 

The total trypsin concentration was calculated for each lab based on both the weight of trypsin 
used, and on the A280 values provided. The mean active trypsin based on individual laboratory's 
molar extinction coeficient for 4-nitrophenol was expressed as a percentage of the total trypsin 
for each lab by weight (Table 2; Figure 1) or by A280 (Table 3; Figure 2). Somewhat 
surprisingly the variabiliq amongst A280 determinations of trypsin concentration v\as rather 
high. The mean active trypsin based on the mean molar extinction coefficient for 4-nitrophenol 
frorn all laboratories' results w7as expressed as a percentage of the total trypsin for each lab by 
weight (Table 4; Figure 3). The column chart in Figure 4 shows the distribution of data from all 
laboratories for each of the methods used for measuring total trypsin, and extinction coeficient. 

A value of 82.3 96 active trypsin was returned when the total trypsin was calculated based on 
weight using either the individual laboratory's molar extinction coefficients for 4-nitropbenol, or 
the overall mean from the study, with Ctis of 5.5 and 4.2 Oio respectively. A value of 85. I % was 
retumed when total trypsin concentration was ca1cuIated from the A280 values with a CV of 22.2 
96, reflecting the variability in concentration measurements determined by A280. An active 
trypsin value of 82.3 5% was therefore used to calculate the potency of the AAT preparations in 
the next part of the study, based on trypsin stated protein content by weight. 

The results from laboratories 10 and 14 were excluded frorn the final analysis as sBtistica1 
outliers, and are not shown. For laboratov I O the active wypsin calculated was higher than the 
total trypsin value determined. This was most likely due to the unusually low extinction 
coefficient calculated frorn the standard cunre of 4-nitrophenol, though discussions with the 
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laboratory failed to identify the source of this anomaly. For laboratory 14 the active twpsin 
calculated was approx. m-o-fold lower than the mean of all other laboratories in all instances. ,4 
likely cause for this is an error in the preparation of the tvpsin solution. The results from 
laboratory 12 were returned after the tq-psin titration analysis was complete, and could therefore 
not be included for this part of the study. 

Titratian of AA T against trypsin 

Data was returned by 14 participants in the form of endpoint values (3), calculated rates (2) or 
raw data files containing absorbance values against time (9). %%ere necessary rates were 
calculated from the raw data; and for each assay the rate or endpoint was plotted against volume 
of AAT in the assay. The volume of AAT required to completely inactivate the trypsin was 
determined by linear regression and extrapolation to the x axis. 

The total trypsin concentration was calculated based on the weight of trypsin rather than the 
A280 values provided. This decision was based on the results of the active-site titration where 
CVs were much lower when the weight was used. The active trypsin concentration was taken to 
be 82.3 % of the total based on the active-site titration data above. With the active molar trypsin 
concentration for each assay known, the molar concentration of active AAT was calculated. The 
results for each laboratory for candidate A are shown in Table 5 and Figure 5. The results for 
candidate B are shown in Table 6 and Figure 6. The results for candidate C are shown in Table 7 
and Figure 7. The results for candidate D are shown in Table 8 and Figure 8. Details of 
determining assay validity and statistical outliers are provided below. The distribution of the 
results for all Iaboratories is shown in Figure 9 for candidate A; Figure 10 for candidate B; Figure 
1 1 for candidate C and Figure 12 for candidate D. 

A summary of the mean potencies for each candidate calculated with statistical outliers removed 
is given in Table 9. The results are given as both nmoles and milligrams of active AAT per 
ampoule. These nmole results are converted to milligrams based on a rnolecuIar weight of 5 1 
kDa for plasma-derived material and 44.5 kDa for recombinant AAT. These molecular weights 
are based on LCMS data provided by one of the manufacturers as part of an extended 
characterisation of all of the candidates after filling. 

De13iafionsfiom fhe protocol 

Each laboratory performed the assays according to the protocol provided with the following 
exception: laboratory 13 substituted the tris working buffer (0.2 M Tris-HGI, pH 8.0) with W B  
buffer (0.05 M Tris-I-ICI; 0.05 M NaCI; 0.1 % BRIJ; pH 8.0). 

A s s q  validity 

In each assay and for each candidate results were excluded where linear regression of activity 
versus AAT was not feasible: 

* The results from Iaboratorq. 12 for candidate A, assay 2 and candidate B, assay I were 
excluded from the analysis. In both cases the O/O activity for lowest AAT concentration 
was higher than that for the trypsin aJone (no AAT). 
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* The results from laboratory l4  for all assays of candidates A, B and D were excluded 
from the analysis. In all cases the value for lotvest AAT concentration was higher than 
that for the trypsin alone (no AAT). 

Results of laboratory means that were greater than 2 standard deviations from the overall mean 
for each candidate were considered statistical outliers and excluded from the final analysis: 

The results from laboratory 4 for candidates A. C and D were excluded from the final 
analysis. Each of these results was greater than 2 standard deviations (SD) below the 
overall mean. 
For sample B the resuIts from laboratory 4 fell just within the 2 SD limit, however there 
appears to be a problem with the method, most likely substrate depletion which would 
underestimate the amount of AAT. It was therefore decided to exclude the results from 
laboratory 4 for methodological reasons. 

?&?bile the results from laboratory 4, using endpoint values with the plate method, were excluded 
on methodological grounds; overall the results from all of the other methods used in the study 
showed no statistical difference. 

Several sources of uncertainty in calculating the potency of the candidate materials may be 
considered. The largest source of variation in the calculation of AAT potency was identified as 
the variation between laboratory mean potencies. The uncertainty of measurement for each AAT 
is expressed as the 95 % confidence level of the interlaboratory means (table 9). 

Another possible source of variation comes from the measurement of active trypsin, froin which 
the AAT potencies are derived. This is dependent upon accurately measuring the amount of 4- 
nitrophenol released from NPGB by trypsin. The absorbance from the active-site titration is 
converted to moles of 4-nitrophenol using an extinction coefficient. Laboratories calculated an 
extinction coefficient for 4-nitrophenol using an analytical standard (PESTANAL). This 
reference preparation was the highest grade available commercially following the discontinuation 

+S"& +?+%- of the National Institute of Standards and Technology (NIST) standard S M 9 3 8 .  NIST were 
approached to provide material for this study, but they declined. Variation introduced by 
measuring the extinction coefficient of the 4-nitrophenol analytical standard ultimately provided 
was minimised by using a mean value from all of the IaboratoriesYata. Overall variation in the 
extinction coefficient mas low with a CV of 5.20 % (Table l) and the mean % active trypsin 
calculated from individual laboratories' results had a CV of 5.88 %; and when the mean 
extinction coefficient was used the CV was only 4.45 %. 

Variation in the filling is also a source of uncertainty of measurement cited for International 
Sandards and was lorv in the study with CV values ranging between 0.15-0.22 % for the 3 
candidate preparations (see above). 

Total protein concentration determination by Bradford assay, 

Six laboratories returned results for total protein determination: 5 results using the ART reference 
prepaation as standard, 6 with an in-house reference preparation (AAT (2) albumin (3) Serum 
(1)). The results using the ART standard are shos7n in Table 10. The results are given as 
milligrams of protein. Where results were given in terns of nmoles, these were converted to 
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mil l igms using the stated molecular weight of the ART FAT reference preparation of 54 kDa. 
The results using the laboratories' own in house standards are given in Table 1 1.  Where these 
results were given in terms of nmoles. the conversion to milligrams was done using the molecular 
weight provided by the individual laborator?; for their own standard. 

Antigenic determination of AAT concentration. 

Six laboratories returned results for the antigenic determination: 5 results using the ART 
reference preparation as smdard. and 5 with an in-house reference preparation (AAT (2),  and 
serum (3)). The results using the ART reference preparation as standard are given in Table 12. 
Where results were given in terms of nmoles, these n7ere converted to miIfjgrams using the stated 
molecular weight of the ART AAT reference preparation of 54 M)a. The results using the 
laboratorieskwn in house standards are given in Table 13. Where these results were given in 
terms of nmoles, the conversion to milligams was done using the molecular weight provided by 
the individual laboratory for their oun standard. 

Extended characterisation 

The molecular weights of each of the candidates by M L D I  MS was as expected based on the 
theoretical sequence of around 50 kDa. Sample D had a molecular weight of around 6 kDa less, 
consistent with the absence of glycosylation in a recombinant product. In addition Electrospray 
MS can distinguish between the different isoforms, and showed samples B and C to have an 
almost identical isoform pattern, with A shifted approximately 150 Da though the reason for this 
was not investigated krther. Again D showed a completely different pattern confirming the 
absence of glycosylation. 

Native and desialylated isoelectrofocussing (IEF) was performed on the 4 candidate materials 
confirming the absence of glycans in sample D, however 2 isoforms were evident. The profile 
samples of A, B and C were comparable showing two major intense bands corresponding to the 
common M4 and M6 AAT isoforms. Samples A and B had more of the less abundant isoforms 
M7 and M8. 

SEC-HPLC was used to assess the level of aggregation in the candidate materials. The levels of 
monomer, dimeritrimer and aggregates were comparable in A, C and D (monomer >90 %), 
whereas B had significantly more multimers (n~onomer 77.3 %). 

SDS-PAGE (reduced and non-reduced) confirmed the similar molecular weights for A, B and C, 
and showed additional bands for B. Overall A and G showed the highest purity. 

The results of the potency tests indicate that each iZAT candidate is potentialIy suitable to serve 
as the International Standard (IS) for AAT potency. The extended ct~ara~terisation con fimed the 
similarity behveen the plasma-derived material of candidates A, B and G, and confirmed the 
expected differences in gly~osylation of the recombinant product D. No clear preferable 
candidate emerged from the collaborative study, so the choice of proposed IS was made on 
practical grounds based on the results from filling and extended characterisation. Candidates A 
and C had the lowest CVs in the potency determination, and showed the highest purity in the 
extended cl~aracterisation, however candidate C had the lowest variability of filling (see Materials 
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section above) and had the largest number of ampoules axrailiable. We therefore propose 
candidate C (05i163) as the 1'' IS. From the results of this study, candidate C contains 233 
nmoles (12.4 mg) of active AAT and we propose to include both of these values on the label. 

Because of the overall suitability of each of the candidates, the remaining candidates couId serve 
as replacement standards once the first stmdard has been used up, provided the material is stable 
and subject to further approval. Based on the same criteria as above, the candidates could be 
used in the order A (0511 501, B (05!152) and D (0511 72) with the potencies listed in Table 9. 

The specific activities based on the antigen and total protein tests provide an indication of the 
proportion of active protein in the ampoules of each of the candidates. Protein concentrations 
assigned using the ART reference materiaI were calculated based on a molecular weight of 53 
kDa, as stated on the ART data sheet, which is a commonly quoted molecular weight calculated 
from SDS PAGE. The potencies assigned to the candidates in this study were based on 
molecular weights of 5 1 kDa (plasma) and 34.5 kDa (recombinant) based on LCiMS data. 

&A& 
%m 

Calculation of antigen and total protein might require more discussion and consensus, or fkrther 
studies. before a final agreement could be reached. The results between laboratories, and the 
differences between the different methods, are quite variable and we therefore propose not to 
assign a total protein, antigen or specific activity value to the standard at this stage. 

Participants' response 

A positive response to our proposals was particularly important in this study where there were 
many manufacturers with existing products, or products in development, and regulators, who 
would validate the proposed Standard as fit for purpose. Each of the participating laboratories 
was asked if they agreed or disagreed with the following proposals: 

I. We propose candidate C (051'1 62) as the Is' Intet.vlational Standardfor Alpha-l- 
Antitqpsin, and assig~r a potency value of 243 nmoles active AA Tper ampoule. 

2. This potency should be corzverted to 12.4 r ~ g  active AA T based on a nzolecz-1lav weight of 
51 kDa (determirzed by LC/i.MS) and be irzcluded on the label. 

3. Provided the candidates are stable, the replacement It? terna fional Sta~.zdardsfor AA T 
could be candidates A /05&50); B (05il52) and D (05111 72), in thar order, using the 
potencies derived irz this study. 

As of 4 July 2006 14 of the 16 invited padicipants have responded. All participants agreed with 
proposals 1 and 2, and I I of these also agreed with proposal 3. The comments raised regarding 
the replacement of candidate C were largely concerned m+ith the suitability of the recombinant 
material (candidate D) for this purpose. At1 agreed that candidates A and B were suitable as 
replacement sandads. 

Patticipants were also invited to comment on the following statement: 

Ilz rrhe p*eport we propose not to assig;~ a speclpc actit'il;r; to the caf.ldidates based OR the 
results qf this sludj,. b-tb also raise the possibiti~ qfassi,or-ziflg a spee$c acti~*ifJI. to the ISVS 
iiz lhe future, possibly by a caravivrg out a larger srudy. Please pratjide any fl~ozdghts or 
commenlfs yozr hlzt~e on tfzis issue belo1.l.. 
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Five laboratories provided comments on this issue, with all agreeing that a larger study would be 
required, with two laboratories volunteering to part-icipate in a larger study. Several laboratories 
commented upon the different results obtained for total protein and antigen determination. For 
total protein determination one lab suggested that calibration against kjeldahl would be needed, 
another lab suggested using UV absorbance with extinction coefficients detemined by 
diRerentia1 refractometv, but agreed fkrther discussion would be required. For the antigenic 
determination one lab suggested that because of the high purity of candidate C. this could be 
assigned a 100 ?4 antigenic concentration, and the antigenic concentration of other preparations 
could be determined using this standard candidate. 

Other general comments that were made included one lab also suggesting that establishment of a 
plasma standard for determination of M T  acf vity in whole plasma or serum would be usehl. 
Another lab commented on the benefits to patients knowing that the potency of one product is 
comparable to another. 
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Tabte 1. Molar extinction coefficient values for 4-nitrophenol, Results calculated from a 
standard curve for each laboratory using a molecular \%eight of 139.1 1 .  The mean, deviations and 
coefficient of variation (CV %I are given. The result from Iaboratorq. I0 m7as excluded from the 
analysis as a statistical outlier. 

Laboratory number Molar extinction coefficient Mean 
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Table 2. Active trypsin (9%) by weight based on individual laboratories~results. 
CaIculations using the mean active trypsin from three assays for each laboratory. Results are 
based on the individual laboratory's molar extinction coefficient for 4-nitrophenol and total 
trypsin calculated by weight. 

Figure 1. Active trypsin (%) by weight based on individual laboratories' results. 

Trypsin activity by weight (individual 
laboratory's molar extinction coefficient for 4- 

nitrophenol) 
l00 , 

tvlean 

--------  Confidence 
limits (95 %) 

Lab number 
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Table 3. Active trypsin ( O h )  by A280 based on individual laboratoriesf results. A c t i ~ e  
trjpsin ( O 4 )  caIcuIated using the mean active trqipsin from three assays for each laboratory. 
Results are based on the individual laboratory" s d a r  extinction coefficient for 4-nitrophenol 
and total trypsin calculated by ,4280. 

Figure 2. Active trypsin (%) by A280 based on individual laboratories' results. 

Trypsin activity by A280 (individual laboratory's molar 
extinction coefficient for 4-nitrophenol) 

130 1 

Mean 

- - - - - - - -  Confidence 
limits (95 %) 

50 ' --? , I I 

0 1 2 3 4 5 6 7 8 9  

Lab number 
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Table 4. Active tqpsin (%) by weight based on the mean molar extinction coefficient for 4- 
nitrophenol. Active trypsin (%) calculated using the mean active ~ p s i n  from three assays for 
each laboratou. Results are based on the mean molar extinction coefficient for 4-nitrophenol 
from all labs, and total trypsin calculated by weight. 

Figure 3. Active trypsin ( O h )  by weight based on the mean molar extinction coefficient for 4- 
nitrophenol. 

Trypsin activity by weight (mean molar extinction 
coefficient for 4-nitrophenol) 

201 

501 l 

0 1 2 3 4 5 6 7 8 9  
Lab number 

--------  Confidence 
limits (95 O h )  

Figure 4. Distribution of data from the active site titration of trypsin based on different 
methods of analysis. Active q p s i n  was cal~ulated based on mean or individual taboratories' 
molar extinction coeflicient values for 4-nitrophenol. Total tvpsin was calculated by either 
weight or by A280. Columns represent the number of laboratories with results in the 
corresponding active trypsin range, and each box represents an individual laboratory by number. 
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The mean value of 82.3 94, based on both weight of trypsin for individual laboratories and the 
mean extinction coefficient for 4-nitrophenol, is highlighted on the chart. 

Active trypsin (Oh) by active site titration 

Mean 

Weight (individual extinctinction I coefficient of 4-nitrophenoi) 

A280 (individual extinctinction 
coefficient of 4-nitrophenol) 

Weight - (mean extinction 0 coefficient of 4-nitrophenol) 

50. 60. 70. 80. 90. 100. 110. 120. 130. 

Trypsin activity (X) 
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Table 5. Mean potencies of candidate A (nmoles lQAT per ampoule). Potencies are 
calculated from the mean results from all the valid assays returned. 

I I l I I 

*The results from invalid assays, indicated by brackets ( ), were not included in the calculation. 

Figure 5. Mean potencies of candidate A (nmoles M T  per ampoule). 

AAT potency of sample A (051150) 

I s .  
5 300 

E 250 

Mean 

- - - - - - - -  Confidence 
limits (95 %) 

5 0 ] , z , , , ,  0 

0 1  2 3 4 5 6 7 8 9 1 0 1 . 1 1 2 1 3  

Lab number 
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Tabie 6. Mean potencies of candidate B fnmoles A4T per ampoule). Potencies are 
calcutated from the mean results from all the valid assays returned. 

Figure 6. Mean potencies of candidate B (nmoles AAT per ampoule). 

13 
* 14 

AAT potency of sample B (051152) 

Mean 

*The results from invalid assays, indicated by brackets ( ), were not included in the calculation. 

241.05 

- - - - - - - -  Confidence 
limits (95 %) 

0.45 
- 

0 4 F-, 

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  

Lab number 
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Table 7, Mean potencies of candidate G (nmoles k4T per ampoule). Potencies are 
calculated from the mean results from all the valid assays returned, 

Figure 7. Mean potencies of candidate C (nmoles AAT per ampoule). 

13 
14 

AAT potency of sample C (051162) 

Mean 

*The results from invalid assays, indicated by brackets ( ), were not included in the calculation. 

259.00 
255.40 

Confidence 
limits (95 O h )  63 ;.y 

0.40 
3.50 

Lab number 
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Table 8. Mean potencies of candidate D (nmoles M T  per ampoule). Potencies are 
calculated from the mean results from all the vatid assays returned. 

Figure 8. Mean potencies of candidate D (nmoles AAT per ampoule). 

AAT potency of sample D (051172) 

Mean 

..------- Confidence 
limits (95 %) 

Lab number 
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Figure 9. Distribution of results for U T  potency of candidate A. Colurnns represent the 
number of laboratories with results in the corresponding AAT concentration range. Each box 
represents an individual laboratorq. by number, with the shading identifying whether the assays 
were kinetic or endpoint, and with a plate reader or spectrophotometer. 

A (0511 50) AAT Potency - AI1 data 

Methods 

m Plate - kinetic 

Plate - endpoint 

Spec - kinetic 

m Spec - endpoint 

100. 150. 200. 250. 300. 

Potency nmolesiampoule 
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Figure 10. Distribution of results for AAT potency of candidate B. Columns represent the 
number of laboratories with results in the corresponding $AT concentration range. Each box 
represents an individual laboratory by number. with the shading identieing whether the assays 
were kinetic or endpoint, and with a plate reader or spectrophotorneter. 

B (05/152) AAT Potency - All data 

5 

0 Plate - kinetic 

4 Plate - endpoint 

Spec - kinetic 
3 

2 

l 

0 

100. 150. 200. 250. 300. 

Potency nmoleslam poule 
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Figure 11. Distribution of results for AAT potency of candidate C. Columns represent the 
number of laboratories with results in the conesponding AAT concentration range. Each box 
represents an individual laboratory by number, with the shading identifying whether the assays 
were kinetic or endpoint, and with a plate reader or spectrophotometer. 

C (051162) AAT Potency - All data 

Methods 

Plate - kinetic 

Plate - endpoint 

Spec - kinetic 

Spec - endpoint 
I 

100. 150. 200. 250. 300. 

Potency nmoleslampoule 
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Figure 12, Distribution of results for AAT potency of candidate D. Columns represent the 
number of laboratories %ith results in the conesponding AAT concentration range. Each box 
represents an individual laborator~r by number, with the shading identieing whether the assays 
were kinetic or endpoint, and with a plate reader or spectrophotometer. 

D (0511 72) AAT Potency - All data 

Methods 

Plate - kinetic 

Plate - endpoint 

Spec - kinetic 

0 Spec - endpoint 

100. 150. 200. 250. 300. 

Potency nrnoleslarn poule 
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Table 9. Summary of the mean potencies for each of the candidates cafculated rvitb 
statistical outliers removed. Resuits are expressed as nmoles of active U T  per ampoule. 
These values are also converted to milligams of active AAT using a molecuiar weight of 5 1 kPa 
for plasma derived material and 44.5 kDa for recombinant, based on LCiMS data 
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Table 10. Results of the total protein concentration determined by Bradford assay using 
the ART reference preparation as standard. The results are given in terms of milligrams of 
protein. 

Table 11. Results of the total protein concentration determined by Bradford assay using 
laboratories' in-house standard. The results are given in terms of milligrams of protein. 

Laboratory 

2 

3 
3 
4 
6 
9 

Candidate 
Mean 
and 

CV % 

(D) 

10.62 
(15.35) 

Mean 
and 

C V %  

(C )  

12.41 
(10.56) 

Standard 

Human 
serum 

Albumin 
AAT 

Albumin 
Albumin 

AAT 

D 

10.40 

10.58 

9.41 
8.5 1 
13.09 

B 

1 1.40 

11.74 . 
12-85 
11.11 
9.64 
14.56 

A 

10.10 

10.17 

11.33 , 
9.44 
8.31 
12.19 

Mean 
and 

CV% 

(B) 

11.35 
(10.22) 

Mean 
and 

(A) 

10.26 
(l).3s) 

C 

12.70 

12.30 . 

13'36 
1 1.75 
10.30 
14.05 
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Table 12. Results of the Antigenic determination of k 4 T  concentration using the ART 
reference preparation as standard. The results are given in terms of milligrams of M T .  

Table 13. Results of the Antigenic determination of AAT concentration using the 
laboratories' in-house standard. The results are given in terms of milligrams of AAT. 

Laboratory 

2 

4 

6 

9 

13 

+X-. *&S 

Candidate 

Standard 

Human 
serum 
AAT 

Human 
serum 
AAT 

Human 
serum 

A 

12.10 

9.70 

10.18 

12.50 

B 

11.50 

9.95 

9.93 

11.80 

Mean 
and 

C V %  

(A) 

11.00 
(11.18) 

Mean 
and 

(3% 

(B) 

10.84 
(8.03) 

C 

14.20 

11.50 

12"* 

1 1.70 

1 1  .00 

Mean 
and 

C V %  

(C) 

l2'l0 
(10.25) 

D 

11.10 

9.5 1 

12.80 

10.17 

12.40 

Mean 
and 

C V  % 

(D) 

11.20 
(12.59) 
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Tabfe 14, Specific activities of the four AAT candidates by antigen. Specific activities are 
presented as a percentage based on the potencies of active AAT in Table 13. and the AAT 
contents determined by antigen using the ART reference prepa~attion as s ~ n d a s d  (Table 16) or 
laboratories\suat s ~ n d a r d  (Table 17); or by total protein using the ART reference preparation 
as standard (Table 14) or laboratories" usual standard (Table 15). 
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APPENDIX A: 
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Division of Pulmonav & Critical Care 
Medicine 
J. Hillis Miller Health Center 
PO Box 100225 
Gainesville 
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Respiratory Research Division, 
RCSI Education and Research Centre, 
Beaumont Hospital, 
Dublin 9. 
Ireland 
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Biotherapeutics, Haemostasis Section 
NIBSC, Blanche Lane, South Mimms, 
Potters Bar, HERTS 
EN6 3QG, UK 

Dr Craig Tkelwell 
Biotherapeutics, Haemostasis Section 
NIBSC, Blanche Lane, South Mimrns, 
Potters Bar, HERTS 
EN6 3QG, UK 

Dr Virginia B. Pate1 
Athens Research & Technolog Inc 
PO Box 5494 
183 Paradise Blvd 
Athens, CA 30604 

Dr Afshin Safavi 
Talecris BioTherapeutics 
BioIogical Products, BioAnalytics 
10 17 Main Campus Drive 
Suite 1200 
Raleigh, NC 27606 

Dr Val Romberg 
ZLB Behring 
PO Box 51 1 
Kankakee 
IL 60901 

Dr Andrew Shrake 
Division oEHaematology 
FDAICBER 
1401 Rockville Pike-HFM 343 
Rockville 
MD 20852-1448 

Dr Ewa Marszal 
Division of Haematology 
FDNCBER 
1401 Rockville Pike-HFM 343 
Rockville 
MD 20852-1448 

Symma Finn 
Alpha- l Foundation 
2937 S W 27th Avenue 
Suite 302 
Miami, Florida 33 133 



WHOiSS106.2044 
Page 31 

APPENDIX B: 
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Athens, GA 30604 

Dr Susanne Breitner-Ruddock 
Paul-Ehrlich-Institute IG 7 13 
Paul-Ehrlich-Str. 5 1-59 
D63225 Langen 
Germany 

Aline Laulan 
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Crifots Biologicals Inc 
5555 Valley Boulevard 
Los Angeles 
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APPENDIX C: 
Overview of the calculation of % active trypsin by active-site titration. 

Representative active-site titration data analysed by plotting absorbance at 402 nrn against time 
and fitting a curve describing a burst followed by steady state phase. The linear steady state 
phase was extrapolated back to time zero and this absorbance corresponds to the initial burst of 4- 
nitrophenol. In this example a burst of 0.566 (absorbance at 402 nrn) is converted to a molar 
concentration of trypsin by dividing the extinction coefficient 16034 (derived from the mean of 
all the labs). This is then expressed as a % of the total trypsin concentration, calculated frorn the 
weight of trypsin. In the study the % active trypsin was calculated frorn the results from 9 
laboratories each performing 3 replicate assays with 5 different trqpsin dilutions. 

Burst 

-------F' 

Parameter Value Std Error 
0 4  k = Apparent rate constant Rf = Final rate 

N 
tnlttal rate (Ro) 0 160555 0 001 363 

0 
-4' 

final rate (Rf) 0 000190 0 000004 

Q kobs (k) 0 283084 0 002503 
tnttfal absorbance(Ao)4 44299e-007 0 000691 

Ro = Initial rate 

0 20 40 60 80 100 120 140 160 180 200 := 0.566 

t (S) 

Divide by molar extinction coefficient (16034) 

- := 35.30 1.1b.4 
m 
II 

0 m Total Trypsin conc. (by weight) = 43.00 phl 
&**a e! &g@$ 
-&h-- => Active trqpsin = 82.09 46 
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Appendix D, Draft IFU 

THE WHO lST INTERNATIONAL STANDARD FOR ALPHA-l-ANTITRYPSIN 
NIBSC CODE 051162 

Draft version 1.0, July 2006 

"This material is not for in vitro diagnostic use" 

1. INTRODUCTION 

Alpha-l -Antitrypsin (AAT) belongs to the serpin (serine proteinase inhibitor) family of inhibitors and 
elastase is the main physiological target. Plasma-derived therapeutic AAT products are used to treat AAT 
deficiency (Alpha-l), a genetic disorder identified in virtually all populations that can cause liver and lung &a 
disease in adults and children. The 1" International Standard for AAT is made from AAT purified from -W 
plasma, was provided by a manufacturer of therapeutic concentrates and is intended primarily for use to 
standardise the determination of potencies of AAT used for replacement therapy. 

2. UNITAGE 

The potency of the 1" International Standard for AAT was determined as part of a collaborative study 
where the inhibitory activity of AAT was determined by titration against trypsin. The molar concentration 
of active trypsin was determined by active site titration using 4-Nitrophenyl 4-guanidinobenzoate 
hydrochloride (NPGB). AAT and trypsin form a tight 1:1 stoichiometric complex so titration of AAT 
against a known concentration of trypsin allows expression of active AAT concentration in molar units. 
The amount of AAT in this International Standard is 243 nmoles per ampoule. This is equivalent to 12.4 
mg active APlT per ampoule applying a molecular weight of 51 000 g/mole, determined by mass 
spectrometry for this preparation. International Standards are traditionally assigned units based on 
consensus values and represent the primary standard for a particular measurand and as such are not 
assigned an uncertainty. The uncertainty of the ampoule content of 051162 may be considered as the 
coeff7cient of variation of the fill which was 0.15% 

3. CONTENTS 

After reconstitution each arnpoule will contain, in addition to active AAT, phosphate buffer and saline ( l  7 
m M  phosphate; 38 mh4 chloride, 81 rnM sodium at pH 7.0) and 143 m M  mannitol added as a 
bulking agent. No  other proteins were added. A total of  9792 ampoules of 051162 were prepared 
with a mean filling weight of 1.0057 g (CV = 0.1 5 %), a mean dry weight of  0.0468 g (CV = 3.74 
?/a) and residual moisture of 0.661 5 % (CV = 1 1.3 1 %). 

4. CAUTION 

TIJIS PHEPAKATIOS IS NOT FOR AI)>IINISTRATION TO HI'3'JANS. 

The preparation contains material of human origin, which has been tested and found negative for HBsAg 
HIV antibody, HCV antibody and HCV k ? A  by PCR. 
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As with all materials of biological origin, this preparation should be regarded as potentially hazardous to 
health. It should be used and discarded according to your own laborato~r's safety procedures. Such safety 
procedures probabIy will include the wearing of protective gloves and avoiding the generation of aerosols. 
Care should be exercised in opening ampoules or vials, to avoid cuts. 

5. DIRECTIONS FOR OPENING THE DIN A m O U L E  

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 

@2 the ampoule body. Hold the body of the ampoule in one hand and the disposable ampoule breaker **- covering the ampoule stem between the thumb and first finger of the other hand. Apply a bending force to 
open the ampoule at the coloured stress point, primarily using the hand holding the plastic collar. 

Care should be taken to avoid cuts and projectile glass fragments that might enter the eyes, for example, 
by the use of suitable gloves and an eye shield. Take care that no material is lost from the ampoule and no 
glass falls into the ampoule. Within the ampoule is dry nitrogen gas at slightly less than atmospheric 
pressure. A new disposable ampoule breaker is provided with each DIN ampoule. 

6. USE OF AMPOULED MATERIAL 

This International Standard is intended to be a primary reference material for local calibrators and should 
not be used as a reagent. Ampoules should be stored at -20 "C or below (but are shipped at ambient 
temperatures and are stable for short periods). Before use, the ampoules should be warmed to room 
temperature and the contents of the ampoule should be reconstituted in 1 m1 of distilled water and stored 
on ice for use within the same day. 

7. STABILITY 

It is the policy of WHO not to assign an expiry date to their international reference materials. They remain 
valid with the assigned potency and status until withdrawn or amended. Initial stability trials on material 
stored at elevated temperatures (3, 20, 37 and 45 "C) have shown no deterioration in activity relative to a 
reference sample at -20 OC over 7 months. We therefore believe the ampouled material is stable but 
longer term stability trials are ongoing. 

Reference materials are held at NIBSC within assured, temperature-controlled storage facilities. 
Reference Materials should be stored on receipt as indicated on the label. Once reconstiluted, diluted or 
aliquoted, users should determine the stability of the material according to their own method of 
preparation, storage and use. 

NlBSC foIIows the policy of MM0 with respect to its reference materials. 

Users vvho have data supporting any deterioration in the characteristics of any reference preparalion are 
encouraged to contact NIBSC. 
8. CITATf ON 
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In alf publications, including data sheets, in which this material is referenced, it is important that the title 
of the preparation, the NIBSC code number, and the name and address of NIBSC are cited and cited 
correct1 y. 

In all publications including data sheets in which this material is referenced, it is important that the RFlO 
status of the preparation, specified by the title of the preparation, the name and address of the WHO 
International Laboratory for Biological Standards at NIBSC and the NIBSC code number are cited and 
cited correctty. 

9. PRODUCT LIABILITY 

Information emanating from NIBSC is given after the exercise of all reasonable care and skill in its 
compilation, preparation and issue, but is provided without liability in its application and use. #@ *g& 
This product is intended for use as a laboratory standard or reference material. It is the responsibility of 
the user to ensure that heishe has the necessary technical skills to determine the appropriateness of this 
product for the proposed application. Results obtained from this product are likely to be dependent on 
conditions of use and the variability of materials beyond the control of NIBSC. 

NIBSC accepts no liability whatsoever for any loss or damage arising from the use of this product, 
whether loss of profits, or indirect or consequential loss or otherwise, including, but not limited to, 
personal injury other than as caused by the negligence of NIBSC. In particular, NIBSC accepts no 
liability whatsoever for:- 

(i) results obtained from this product; andior 
(ii) non-delivery of goods or for damages in transit. 

In the event of any replacement of goods following loss or damage a customer accepts as a condition of 
receipt of a replacement product, acceptance of the fact that the replacement is not to be construed as an 
admission of liability on NIBSCfs behalf. 
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10. WTERIAL SAFETY SWEET 

Action on Spillage and Method of Disposal 

an appropriate disinfectant. Rinse area xith an appropriate disinfectant follouied by 




