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Abstract. The stability of VIII:C was investigated by monitoring samples taken at different points from a routine 

process for the manufacture of factor VIII concentrate and by examining the stabilising influence of a number of 

product formulations. Loss of VIII:C over process-finishing procedures (formulation, 0,22ptm filtration, dispensing) 

was associated with ,, citrate-induced inactivation which could be prevented by controlling the ionised calcium 

concentration of the solution. These results were obtained using a one stage clotting assay but were not observed 

using a two-stage assay. No evidence for activation was found in vitro (e.g. by FPA generation and VIII:C stability) 

and the yield increase suggested by the one-stage assay was supported by results from a controlled clinical evalua-

tion. 

Introduction 

• In an earlier study concerning factor VIII yield [4] we 
monitored a routine manufacturing process over a 2-year 

• period, using both clotting and immunological assays, to 
help to define points of VIII:C loss and the mechanisms 
involved. While cryoprecipitation was confirmed as the 
principal point of loss, a further yield loss of almost 22% 
VIII:C was noted over the process-finishing steps (i.e. 

='.product formulation, 0.22µm membrane filtration and 
aseptic dispensing) prior to freeze-drying. Although re-
.design of the cryoprecipitation procedure has given a 
substantial yield improvement [2, 5, 6], we have contin-
tied this project by examining the VHI:C loss over product 

• finishing and it is the results of this study which are 
reported here. 

Previously [4], we concluded that finishing losses com-
prised a 1% loss by adsorption onto the membrane filter, a 
4% volume loss and a 17% loss due to inactivation of 

;kIII:C. To pursue this latter finding we have examined 
the stability of VITI:C at key points in the manufacturing 

Results from this study have been presented in preliminary form 
meetings of the British Society of Haematology [1]. The World 
deration of Haemophilia (2) and the International Society of 
irombosis and Haemostasis (3). 

process and have used this information to assist in delta-; 

ing a number of potential product formulations to be 

evaluated for their suitability in stabilising VIII:C. 
During this evaluation a discrepancy in results 

obtained by different clotting assays became apparent; 

therefore, a controlled clinical assessment of a selected, 
formulation was undertaken to help to clarify the in vitro 
observations. 

Materials and Methods 

Preparation of FVIII Concentrate 
Fresh frozen plasma was prepared at Scottish Regional Blood 

Transfusion Centres from whole blood donations collected into CPD 
anticoagulant and frozen within 8 hours of donation. The blood 

group of the donations was not taken into account in the construction 

of plasma pools for fractionation. Factor VIII concentrate was pre-

pared (table I) from pools of plasma (range from about 300-700 kg) in 

a manner similar to that previously described [5) using the contin-

uous procedure for plasma thawing. The resultant cryoprecipitate 

was processed (table 1) [5] using the low-shear agitator (Vibromixer, 

model E2; Chemap, Abingdon, UK) but the final pH adjustment 

(step 12, table 1) was to pH 6.8 using hydrochloric acid rather than 

citric acid. 

Preliminary stability study 
Samples' were taken at 3 points during the routine production' 

process; following extraction of the cryoprecipitate, following alu-
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Table I. SNBTS process for the manufacture of factor VIII con-

centrate (intermediate purity) 

fresh-frozen plasma (-40'C) 

I 
fresh-frozen plasma (-10'C) 

crush and thaw plasma ( 2'C) 
I 

recover cryoprecipitate 
by centrifugation 

rinse cryoprecipitate 

I 
extract cryoprecipitate 

(20'C, 10 min) 

I 
Fig. 1. Stability of VIII:C at different points in the production 71 HCl (50 mM) -s adjust pH to 7,0 

process (mean and SD for 10 batches). •-Cryoprecipitate extract

(step 7); .=AI(OH)3 adsorbed solution (step 10); A=Citrated solu- 8 A1(OH)3 adsorption (20'C, 5 min) 

tion (step 12). (3.5 mill plasma) 

minium hydroxide adsorption and following product formulation 

(i.e. after steps 7, 10 and 12; table I), The freshly taken samples were 

then held at 20'C and assayed for VIII:C activity (one-stage assay) 

over a number of hours. Ten production batches were monitored in 

this manner and the results (fig. 1) suggested that VIII:C losses might 

be particularly associated with the addition of sodium citrate to the 

process solution. 

Assessment of Different .Formulations to Improve 

VII1rC Stability 
The observation that the addition of sodium citrate may be 

implicated in the loss of yield during finishing led us to consider the 

development of a product formulation in which ionised calcium 

would be controlled at an appropriate concentration. Therefore a 

number of formulations were constructed involving either the exclu-

sion of citrate, a reduced concentration of citrate or the addition of 

sufficient calcium chloride to return the ionised calcium concentra-

tion to that which existed in solution prior to citrate addition. 

Various other additives (heparin I U/ml; glycine 10 mtrl; glucose 

i--4%; maltose I -4%) were also incorporated into the study to estab-

lish if they could provide any beneficial effect The principal formu-

lations studied are listed in table 11; those containing phosphate were 

prepared according to the method of Liu et al. [7). 

To construct a set of formulated products, factor VIII solution 

(about 0.5-1.0 litres) was taken from a production lot following 

aluminium hydroxide adsorption (step 10, table 1), aliquots (about 

50-100 ml) were adjusted to a particular formulation and the pH 

adjusted to 6.8. Formulated samples, plus a pre-formulation control 

sample, were held for 2 h at 20'C as a test of stability. All samples 

were then frozen at -40 'C with one set remaining frozen while a 

duplicate set was freeze-dried. The frozen samples were assayed for 

VIII:C activity (one-stage and two-stage assays), vWf: Ag and total 

protein, while the freeze-dried samples were assayed for VIII:C 

activity (one-stage assay), total protein and reconstitution time. A 

number of frozen samples were also assayed for fibrinopeptide A 

(FPA) content. ._ ._. ._. _ 

9 

lot 

11 Na3 citrate 
(0.5 M) -

12! IIC 1 (50 mM) --3 

13 

14 

15 

16 

remove solids 
by centrifugation 

filter supernatant (to 0.45 µm) 

) 

formulate to 20 mM citrate 

adjust pH3 to 6.8 

filtration (to 0.2 µm) 

aseptic dispensing 

freeze-drying 

heat treatment 

Samples for the initial stability study were taken at the comple-

tion of each of these steps. 

ea 

Full-Scale Experiments with a Selected Formulation

The effect of calcium chloride addition to a typical citrated 

process lot was studied in a controlled manner in two full-scale 

production exercises. In the first exercise a pool ofplasma (530 litres) 

was processed to step 10 (table I). The solution was then divided into 

two equal portions; sodium citrate (0,5 M) was added to one portion 

in the normal manner (final concentration 20 mM) while the other 

portion was formulatedby adding a mixture of sodium citrate (0.5 hl) 

and calcium chloride (0.5 M) calculated to give a final concentration 

of 20 mM sodium citrate and 1.6 rnM calcium chloride (the tneau 

value derived from titrating samples from a number of factor VIII I 
batches). Finishing of the former solution (without calcium) was 

completed first and the.material was held while finishing operatiotu, 
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Table Ii. Details of formulations evaluated for their effects on Table III. VIII: C content of products prepared for clinical 

VIII:C stability evaluation 

A. Including citrate 

Naa citrate NaCI CaCi2 Heparin Maltose
niAf mM mM U/ml % w/v 

5 30 0 0 0 
5 30 0.6-1.3 0 0 
5 30 0 1 0 

5 30 0.6-1.3 1 0 , 
5 30 0 0 2 

:  30 0.6-1.3 0 2 

5 30 0 1 2 

10 10 0 0 0 

10 10 0.9-1.8 0 0 

10 10 0 1 0 

to 10 0.9-1.8 1 0 
10 10 0 0 2 
10 10 0.9-1.8 0 2 

10 10 0 1 2 

20 0 0 0 0 
1 0 0 1.1-2.1 0 0 
20 0 0 1 0 
20 0 1.1-2.1 1 0 
20 0 0 0 2 

20 0 1.1-2.1 0 2 

dl : 20 0 0 1 2 

B. Excluding citrate 

NaCI Na phosphate Maltose 
mm mM % W/v 

30 4 0 
30 4 2 

were carried out with the second solution. Both sets of vials were then 
frozen and freeze-dried together (i.e. on different shelves in the same 
freeze drier); with the total time from citrate addition to freezing 
being 2 h for all vials. 

In a second exercise another pool of plasma (430 litres) was 
'Processed in the same manner except that the calcium chloride 
'poncentration was increased to 2.5 mM and the dispensed solutions 
:were held for 5 It from citrate addition to freezing to provide a more 
ievere test of the stabilising formulation. The freeze-dried product 
from the second experiment was heated in the final container at 68 °C 
lfbr 2 h; this was the first factor VIII heat treatment regime used by the 
1h1BTS and was applied to concentrates prepared from January to 

ctober 1984, (The second full-scale experiment was carried out in 
' ebruary 1984 using blood donations collected in late 1983.) 

Clinical Evaluation of a Selected Formulation 
The effect of calcium addition was studied in vivo by giving one 

emophiliac four separate infusions of material from the second 
:l?Xodtiction experiment. The patient was a severely affected haemo-

Product Product Increase 
without with with 
calcium calcium calcium 
adjustment adjustment 

Product VIII:C (IUJ/ml)t 
before heat treatment 

One-stage assay 
Two-stage assay 
Chromogenic assay 

Product VIII:C (IU/mi)' 
after heat treatment 

One-stage assay 
Two-stage assay 
Chromogenic assay 

Volume of concentrate 
used clinically, ml 

First infusion (30. 9.85) 248 
Second infusion (7. 10.85) 185 
Third infusion (6.11.85) 190 
Fourth infusion (13.11.85) 250 

7.6 
9.0 
8.6 

11.4 
10.4 
10.8 

50.0% 
15.5% 
25.6% 

7.5 9-9 32.0% 
7.2 8.2 13.9% 
8.5 10.0 17.6% .. 

i Both products dispensed at 35 ml and held for 5 hat 20°C before 
freezing and freeze drying; reconstituted by adding 20 ml distilled 
water, Potency results are mean values from two vials of each prod-
uct. 

phfliac (64 kg) with no evidence of inhibitor who had previously 
received many infusions of factor VIII concentrate and was HIV 

antibody positive. During the study he had a pre-infusion plasma 

VIII:C of 0.02 II_I/mi or less and had received no factor VIII therapy 

for at least 7 days before each treatment. He was given two infusions 

of the control product (without calcium) and two infusions of the 
experimental material (with calcium) while in a non-bleeding state 
(infusion details shown in table III). The protocol received ethical 
approval from the appropriate committee and the patient gave his 

informed consent to the study. 

Analytical Methods 
VIII:C concentration was determined by the one-stage method [8] 

using congenitally deficient plasma as substrate with Tris-buffered 
saline or imidazole buffer (patient samples) as diluent and by the 
two-stage method [9] using a commercial reagent kit (Diagen kit, 
Diagnostic Reagents) with citrate-saline as diluent. A small number 

of VIII:C assays were also carried out by the chromogenic substrate 

method (Coatest Factor VIII, Kabi Vitrum) according to the manu-
facturers' instructions. Plasma VIII:C assays were standardised 
against British Plasma Standards while results for factor VIII prep-
arations at various stages of manufacture were determined against 
concentrate standards (80/556 or 83f591) provided by the National 

Institute for Biological Standards and Control, Hampstead, London, 
UK. 

vWf: Ag was assayed by the standard immunoelectrophoretic 

method as previously described [4) and factor VIII polypeptide 

WITN6914100_0003 



~4 Foster/Dickson/McQuillan/Prowse/Boulton/Greedharry/Bloom 

distribution was determined by the method of Barroweliffe etal. [ 10]. 

FPA measurements were carried out •by radioimmunoassay (11] 

using the reagents and method supplied by IMCO (Sweden) with 

minor nrodilcation. Measurements of total protein and the recon-

stitution time of freeze-dried preparations were carried out as pre-

viously described [5]. 

Ionised Calcium 
Ionised calcium determinations were made using an ion specific 

electrode (F2112 electrode with pHM26 or 1O'N85 meter, Radiom-

eter, Copenhagen) according to the manufacturers' instructions. The 

quantity of calcium chloride required to maintain a constant concen-

tration of ionised calcium was determined by monitoring the fall in 

voltage as sodium citrate (0.5 M) was added (e.g. from 0 to 20 mM in 

increments of I mM) and the subsequent increase in voltage on the 

addition of calcium chloride (e.g. 0.055 M solution added to give 

increments of 0.1 mM). The concentration of apparent ionised cal-

cium in the unformulated solution was 38 t 5 KM (n" 4) and the 

concentration of CaC12 required to precisely compensate for the 

added citrate varied from batch to batch (range shown in table II). In 

the first full-scale exercise the quantity of calcium chloride to be 

added (I.6 mM) was selected as the mean value derived from titra-

tions carried out with a number of factor VIII batches. This was 

increased to 2,5 mM in the second full-scale experiment to ensure 

that there would always be sufficient ionised calcium present (in 

relation to the added citrate) in any factor VIII batch. 

Chemicals 
heparin (heparin sodium injection BP) was supplied by D. Flock-

hart & Co., London. Maltose (maltose hydrate) and calcium chloride 

(calcium chloride dihydrate) were obtained from Sigma Chemical 

Co., Poole, UK; all other chemicals (Analar grade) were obtained 

from BDH, Poole, UK. 

Statistics 
Most of the data are presented as the mean t standard deviation 

from n experiments; calculations involving VIII:C concentration 

were carried out in the geometric rather than arithmetic form [ 12]. 

Linear correlations were obtained by the least-squares method and 

the significance of differences was established using Student's t 

test. 

Results 

Preliminary Stability Study 
The monitoring of VIII:C activity in samples taken 

from the routine production process showed no signifi-

cant loss of VIII:C over 3 h for both the cryoprecipitate 

and the Al(OH)3-adsorbed solutions (fig. 1). However, 

compared to the initial non-citrated sample (i.e. step 10), 

VIII:C activity was lost progressively once citrate had 

been added, with a 10% loss after 1.25 h (p> 0.1) and a 
17% loss after 2.25 It (p<0.025). To put these results into 

context it is important to appreciate that the extraction 

and adsorption steps each required less than 30 min to 

carry out, whereas the finishing steps; with a citrated 

solution, required up to 2-3 h to complete in the full-scale 
process. 

Comparison of Different Formulations 

Results from the preliminary study suggested that the 
loss of VIII:C activity previously observed over product 
finishing [41 might be almost fully explained by a citrate : 

induced inactivation of VIII:C. Similar inactivation 
behaviour had been observed in plasma [ 13, 141 with one 
suggestion being that the presence of calcium ions is
essential for VIII:C stability. Therefore a number of for-

mulations were examined in which the concentration of
ionised calcium was controlled by the addition of calcium 
chloride to factor VIII solutions at different citrate con-

centrations. The results (table IV) again showed a marked 

loss of VIII:C in the 20 mM citrate control samples (both 

frozen and freeze-dried), but this was largely preventedby 

calcium addition (p<0.001). There was no significant 

loss of VIII:C at the lower citrate concentrations in the 

frozen samples but the presence of calcium provided 

significant stabilisation at 5 mM citrate (p<0.01) and 

10 mM citrate (p<0.025) in samples that were freeze-

dried. g` 
Calcium addition to citrated solutions in the presence 

of heparin, glycine, maltose and glucose, either individu-

ally 

~,"•. 

or in combination gave similar results (results shown 

in table IV for heparin and 2% maltose), indicating that y 

ionised calcium concentration was the key parameter 

which determined VIII:C stability. All freeze-dried sam-

ples containing glycine exhibited a rather poor solubility >. 

(reconstitution time 19.4±1.3 min, n=9). VIII:C was

found to be relatively stable in the phosphate-based for- IF. 

mutations which excluded citrate (table IV), but the 

reconstitution time of this material (10.0±6.2 min, n-9) 

was somewhat greater than that of the 20 mA' citrate+cal-

cium formulation (6.8±3.3 min, n=25). This was not 

improved by the addition of sugars, suggesting that citrate,

was making an important contribution to final product 

solubility. Further evidence for this was seen with formu-

lations based either on sodium chloride alone or low ?r. 

concentrations of citrate (e.g. 5 mM): Factor VIII solu-

tions prepared in this manner were often found to be very 

difficult to filter, the products were poorly soluble and 

in some instances exhibited a tendency to clot spontane- < . 

ously. 
There was no significant difference in the results of 

vWf: Ag and total protein assays over the various formu•

lations studied, however, in contrast to results from the 

one-stage assay, VIII:C values determined by the two 

stage method (table V) did not show a significant
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Table IV. Effect of ionised calcium on the stability of VIII:C in various formulations (one-stage assay) 

Na citrate Additives VIII:C€, % 
mM 

frozen sample freeze-dried sample 

without calcium with calcium without calcium with calcium 

5 94.6±19.6(23) 105.1±19.2(23) 81.4±27.7(23) 95.9±16.2(23) 
10 97.1±11.0(23) 99.7±14.8(23) 85.6±20.9(23) 96.7±13.2(23) 
20 83.5±11.6(23) 98.1 ± 13.1(23) 72.6±19.8(23) 96.4± 19.8 (23) 

5 heparin 938±19.8(5) 100.1±13.6(16) 86.2±27.7(5) 93.6±18.0(5) 
10 heparin 94.4±18.0(5) 98.6± 7.2 (16) 83.4±14.8(5) 92.2±18.6(5) 
20 heparin 88,1 ± 7.6 (5) 99.8±12.7(16) 74.7±23.7(5) 92,3±18.2(5) 

5 maltose 101.0±23.4 (8) 109.7±29.3 (5) 85.4±24.1 (8) 100.8± 13.9 (5) 
10 maltose 93.3±15.6(8) 107.1± 13.9(5) 73,9±20.7(8) 91.4c 17.7 (5) 
20 maltose 86.3±19.0(8) 97.8± 5.8(5) 70.9±21,3(8) 80.8±17.9(5) 

0 NaCl+ 105.2±21.7(9) ND 93.8±16.9(9) ND 
phosphate 

0 NaCl+ 109.9±22.1(8) ND 102.7±31.5(8) ND 
phosphate 
+ maltose 

All samples were held for 2 h at 20'C before freezing, as a test of stability. Figures in parentheses are numbers of samples. 
100% is the VIll:C content of the frozen sample taken after removal of AI(OH)3 and before the addition of any of the reagents used for 

product formulation (i.e. after step 10 in table 1). 

) 

t 

t 

Y 

y 

3 

Table V. Effect of various formulation on the stability of VIII:C 
frozen sample (two-stage assay) 

Na3 citrate 
mM 

Additive VIII:C€, % 

without calcium 
adjustment 

with calcium 
adjustment 

5 96.0±28.0(14) 99.2±12.7(14) 
10 96.3127.1(14) 98.7±22.3 (14) 
20 90.9±16.4(14) 93.3±17.8(14) 

5 heparin 101.9±20.6(4) 962±22.0(4) 
10 heparin 85.8±15.5(4) 98.2±23.6(4) 
20 heparin 99.1±12.5(4) 92.2±18.1(4) 

5 maltose 107.6±18.4(4) 94.4±16.7(4) 
10 maltose 104.8±21.4 (4) 96.0±32.1 (4) 
20 maltose 93.3±20.4(4) 91.9±18.1 (4) 

NaCl + 95.4±29.6 (7) ND 
phosphate 

0 NaCl + 105.6±28.1 (7) 
phosphate + 
maltose 

Figures in parentheses are numbers of samples. 
See footnote to table IV. 

Table VI. Effect of calcium addition on FPA content of fac-
tor VIII solutions 

Na3 citrate FPA, nglml 
mM 

without CaC12 with CaC12

0 114.8±1141(9) ND 
5 (71.5±124.3(8) 75.4±41.&(4) 

10 169.1±132.9(7) 58.11-12.9(4) 
20 143.2± 47.2(7) 59.4±37.1 (8) .; 

All solutions held for 2 h at 20`C before freezing. Figures in 
parentheses are numbers of samples. 

improvement in VIII:C stability with calcium addition. A 
repeat set of one-stage assays, using the same sub-sample 
provided for the two-stage assays, gave results similar to 
those shown in table IV, suggesting that the difference 
between these assays was not due to an error in sample 
handling. Results from the two assays were not signifi-
cantly different for the unformulated control sample (de-
signated 100%, tables IV, V), with the VIII:C content 
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Fig. 2. VIII:C recovery in a severe haemophiliac following infu-

sion of concentrates prepared without calcium addition (a) and with 

calcium addition (a). a First infusion (without calcium). b Second 

infusion (with calcium). c Third infusion (with calcium). d Fourth 

infusion (without calcium). 

being 9.85 ± 1.38 lU/ml by one-stage assay and 

9.36±1.41 IU/ml by two-stage assay (n=14, p>0.4). 

A discrepancy between one-stage and two-stage assays 

is often considered indicative of activation [ 15); however, 

no evidence for activation was found from measurements 

of FPA, with samples containing calcium exhibiting a 

reduced FPA content (p<0.005 at 20 m t citrate) even 

though they had been held for 2 h at 20 °C as a test of 

stability (table VI). 

Calcium Addition in Full-Scale Experiments 

In the first full-scale experiment the product VIII:C 

potency by one-stage assay was 16.1% higher for the 

experimental portion (with calcium) compared to the 

control material. The VIII:C potency was also increased 

when measured by the two-stage assay, but only by 5.7%. 

Similar behaviour was seen in the second full-scale experi-

ment (table III) but the magnitude of yield improvement 

Foster/Dickson/McQuillan/prowse/Boulton/Greedharry/Bloom 

in the presence of calcium was much greater because of 

the deliberately extended process time (i.e. solutions held 

for 5 h before freezing). The heat treatment procedure 

resulted in the further loss of VIII:C, particularly in the 

re-calcified material, but discrepancies between the dif-

ferent types of clotting assay were still apparent. 

The stability of the heated products was assessed fol-

lowing reconstitution, with the re-calcified material 

showing no loss of activity over 3 h at 20°C (one-stage 

assay) but with the control material showing a corre-

sponding loss of 11% VIII:C (one-stage assay). The factor 
VIII polypeptide distribution of these products was also 

examined, with both the re-calcified material and the 

control product exhibiting the same polypepti.de pattern 

as the standard SNBTS product, shown in lane 10 in the 

report of Barrowcliffe et al. (10). 

Clinical Evaluation 
Products from the second full-scale preparation were 

given to one haemophiliac and the plasma VIU:C levels 

following each infusion are shown in figure 2. These 

infusions were carried out to help to determine which of 

the clotting assays might represent the true biological 

activity of the products. This was assessed by assuming a 

100% recovery and calculating the potency of the prod-

ucts from the relationship: 

Potency (IU/ml)m 

Increase in plasma VIII:C (IU/ml)xplasma volume (ml) 

Infusion volume (ml)xrecovery (%)x 10.::2 

Assuming a plasma volume of 41 ml/kg, the mean potency 

of the control product was calculated to be 5.56 IU/rnl 

while that of the re-calcified product was 7,26 IU/ml. 

Therefore, the re-calcified product had a greater in vivo 

effect than the control material (by 305%), reflecting the 

increase shown in vitro by the one-stage assay (3210, 

table III). Using the product potencies taken from the 

manufacturers' one-stage assay results (table III) the in 

vivo recoveries were calculated to be 74 and 73% for the 

control and re-calcified products, respectively. 

The control product showed the two-phase disappear 

ance behaviour usually seen with factor VIII infusions 

(infusions a, d, fig. 2) but this was not shown clearly by the 

re-calcified product (infusions b, c, fig. 2). Further data 

are required to properly assess the pharmacokinetics of 

this type of product but it is important to note that the;;,;, 

more rapid first-phase disappearance associated wit;`n, 

activated products (16) was not seen with the re-calcified;=-. 

material, providing further support for the validity of the

one-stage assay results. 
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Two further sets of infusions were planned with dif-

ferent haemophiliacs but the clinical study was cur-

tailed before this could be done as a potentially non-

infective product [17] had become available. In these 

circumstances it was felt that it would no longer be 

ethical to continue to expose patients to the products 

supplied for this study as they had been prepared using 

a less severe heat treatment regime, introduced to 

destroy potential HIV contamination rather than hepa-

titis viruses [ 18]. 

Discussion 

Even though factor VIII concentrates have been man-

ufactured for almost 20 years their availability is still 

inadequate in many countries [19], with low process 

yields being an important component of this supply prob-

lem [20]. There have been few reports investigating the 

points of VIII:C loss during routine manufacturing pro-

cesses: however, the fact that significant loss of VIII:C can 

occur over the sterile filtration or finishing procedures has 

been appreciated for some time [21-23]. This was 

believed to be largely due to the retention of factor VIII on 

the filter itself, but the development of immunoassays 

lead instead to the suggestion that some form of inacti-

vation may provide the predominant mechanism of loss 

[4]. Previous studies concerning VIII:C inactivation dur-

ing processing have tended to concentrate on various 

types of proteolytic degradation [24], whereas our prelirn-

inary stability study drew attention to the importance of 

• product formulation and especially to the role of 

• citrate. 
Sodium citrate has a number of properties which are of 

benefit in the formulation of factor VIII concentrates, 

Studies with early preparations of fibrinogen [21, 25, 26] 

illustrated the value of its anticoagulant and solubilising 

properties which proved to be of similar value with the 

factor VIII concentrates that followed [23, 27, 28]. Citrate 

was also reported to have a marked stabilising effect on 

chromatographically purified factor VIII [291, a finding 

which helped to establish its use at a concentration of 

20 mM in the final product formulation [30]. Virtually all 

manufacturers of factor VIII concentrate have adopted 

• this concentration, exceptions being Smith et al. [311, who 

used 10 mM citrate, and Liu et al. [7], who used a phos-

phate buffer. Various other additives have been utilised 

to aid factor VIII stability or product formulation includ-

ing heparin [32-34], glycine [14, 34] and sugars [26, 34, 

t': 35]. 

87 

For the process described here, we found that VIII:C 
losses over product finishing were predominately caused 
by a citrate-induced inactivation and that this could be 
avoided by controlling the concentration of ionised cal-
cium. This is consistent with reports that factor VIII is a 
calcium-linked protein complex [36, 37] and with the 
findings of others who have studied the stability of VIII:C 
in plasma [13, 14, 38, 39, 40]. While the importance of 
ionised calcium to VIII:C stability in plasma is well docu-
mented its relevance during the preparation of factor VIII 
concentrates has not been fully appreciated, possibly' 
because the effects may not be seen with small-scale 
preparations or in typical bench-top experiments, where 
finishing procedures are completed fairly quickly or may 
be omitted altogether. 

Our observations have been complicated by the find-
ing that increases in VIII:C yield shown by the one-stage 
clotting assay were not shown with the two-stage assay. 
Again there may be similarities with studies of plasma 
VIII:C where reported yield improvements [ 14] were not 
always reproduced by other investigators [41] because of 
apparent discrepancies between the different clotting 
assays used [42]. In a clinical study undertaken to resolve 
this question, Rock et al. [43] concluded that the yield 
improvements shown in vitro by the one-stage assay were 
reproduced in vivo. Interference by aluminium hydrox-
ide has been proposed [ 15, 44] to account for discrepan-
cies between one-stage and two-stage assays, particularly 
in the presence of heparin [42]. The differences that we 
have observed cannot be accounted for in this way as 
aluminium hydroxide adsorption was not used in the 
assay and the discrepancy existed in the absence of hep-
arin. A citrate-saline solution is the standard diluent used 
in the two-stage assay and it is conceivable that further 
exposure to citrate may have resulted in loss of VIII:C 
during the assay procedure. In a study of different 
diluents, Mikaelsson et al, [45] noted that VIII:C was 
unstable in citrate-saline and it has been suggested that 
citrate buffers should not be used in automated two-stage 
assays because of the relatively long assay time involved. 
[46]. Further studies will be required to establish whether 
the use of a citrate-saline buffer, or some other factor, was 
responsible for the assay discrepancy observed in our 
results. 

Most investigators have dealt with the requirement to 
control ionised calcium concentration by replacing 
citrate-based anticoagulants with heparin. However, we 
found citrate to be beneficial, because of its solubilising 
and anti-coagulant properties, and therefore examined 
the option of adding small quantities of calcium to the 
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process stream to maintain a constant concentration of 

ionised calcium, while retaining the standard citrate con-

centration used by almost all manufacturers of factor VIII 

concentrates. In doing this we were concerned that some 

form of activation might be induced and the discrepancy 

between one-stage and two-stage assay results gave fur-

ther emphasis to this concern. No evidence for activation 

was found either from in vitro studies (FPA; VIII:C 

stability; VIII polypeptide distribution) or from in vivo 

studies (VIII:C recovery; VIII:C clearance rate); however, 

further clinical studies are required to properly establish 

the pharmacokinetics of factor VIII concentrates pre-

pared this way. 
Although a number of different formulations were 

examined, in vitro improvements in VIII:C stability were 

invariably associated with increases in ionised calcium 

concentration. None of the other additives showed any 

obvious beneficial effects on VIII:C stability. The addi-

tion of sugar had little effect on the solubility of freeze-
dried samples, but its presence was subsequently found to 

be of value in retaining product solubility following heat 

treatment, with either 2% maltose or 2% sucrose (but not 
glucose) allowing heating of the freeze-dried concentrate 

described here to be extended from 2 to 24h at 68 'C 

[Foster et al., unpubl. results]. 
The results of this study illustrate the importance of 

controlling the concentration of ionised calcium through-
out VIII:C manufacturing processes and suggest that yield 
improvements of 20-30% may be achieved as a conse-

quence. It is possible that even higher concentrations of 
ionised calcium may be of value, particularly during heat 
treatment [47]; however, further studies of product for-
mulation will be required to optimise the performance of 

this procedure. 
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