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Description 

1111111111111111111111111111111111111111 
BACKGROUND OF THE INVENTION 

*GOOOOI* 

s The present invention relates to a method of producing a substantially-virus-Inactivated protein-
containing composition from a protein-containing composition which may be contaminated with virus. 

There is a posslbility that compositions containing human-blood-derived protein may be contaminated 
with viruses, e.g., hepatitis virus and AIDS virus. · 

There are some known methods In which a protein-containing liquid composition Is heated to prevent 
10 transmission of these viruses (Unexamined Japanese Patent Application Laid Open Nos. 14561511980 

corresponding to USP 4,297,344 and EP Publication No. 18561; 139422/1981 corresponding to USP. 
4,440,679 and EP Publication No. 35204; and 10659411981 corresponding to USP 4,361,652 and DE-
3102217). 

Also known is a method in which a protein-containing dry composition is heated (Published Japanese 
1s Translation of PCT Patent Application from Other Country (~OHYO) No. 500548/1983 corresponding to USP 

4,495,278 and EP Publication No. 77355; Unexamined Japanese Patent Application laid Open No. 
213721/1983 corresponding to USP 4,556,558, EP Pu~llcation No. 171506 , WO 82/03871 and American J. 
of Hematology 23, 295-305 (1986)). 

Another method is known In which a protein-containing composition is brought Into contact with trlalkyl 
20 phosphate to remove viruses (Unexamined Japanese Patent Application Laid Open No. 51116/1985 

corresponding to USP 4,540,573 and EP Publication No. 131740). 
However, highly heat resistant viruses may remain active through heat treatment and non-envelope 

viruses may remain· active through trialkyl phosphate treatment. 
Also, conventional methods have been faulty In that the protein activity decreases during trialkyl 

25 phosphate treatment. 
. The object of the present Invention is to provide a method of efficiently Inactivating contaminant viruses 

almost without spoiling the Protein activity and thus producing a phannaceutically safer protein-containing 
composition. · 

30 SUMMARY OF THE INVENTION 

To solve these subjects, the present invention provides a method for preparing a virus-inactivated 
protein-containing composition, comprising the steps of: 

(a) contacting a protein-containing liquid composition which may be contaminated with virus with a 
35 trialkyl phosphate in the presence of a protease inhibitor; · . . . 

(b) removing the trialkyl phosphate and the protease inhibitor from the protein- containing liquid compos1t1on 

40 

45 

(c) lyophllizing the protein-containing liquid composition to obtain a dry protein-containing composition; 
and 

(d) heat-treating the dry protein-containing composition. 

According to the present Invention, a protein-containing composition wherein viruses were efficiently 
Inactivated can be produced without spoiling the protein activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows time courses of the influence of surfactant treatment on the residual activity ratio of blood 
coagulation factor VIII: -0- represents data obtained in the absence· of a surfactant; -e- represents data 

oo obtained in the presence of a surfactant. 
Fig. 2 shows time courses of the Influence of surfactant treatment on the residual activity ratio of blood 

coagulation factor IX: -0- represents data obtained in the absence of a surfactant; -e- represents data 
obtained In the presence of a surfactant 

Fig. 3 shows time courses of the influence of EACA addition on the residual activity ratio of thrombin In 
ss surfactant treabnent: _ represents data obtained In the absence of EACA;--represents data obtained in 

the presence of 1% EACA;··--Tepresents data obtained In the presence of 2% EACA;-•· -•-represents data 
obtained In the presence of 4% EACA; - - represents data obtained in the presence of 8% EACA. 
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Ag. 4 shows time courses of the influence of arglnin addition on the residual activity ratio of thrombin in 
surfactant treatment:_ represents data obtained in the absence of arginin;--represents data obtained in 
the presence of 1o/o arglnin;--·represents data obtained in the presence of 2% arglnin;-•- -•-represents 
data obtained in the presence of 4% arginin;- - represents data obtained in the presence of 8% arginin. 

6 Ag. 5 shows time courses of the influence of EACA addition on the residual activity ratio of fibrinogen in 
surtacianttreatment. 

DETAILED DESCRIPTION OF THE INVENTION 

10 There Is no particular limitation posed on the protein to which the method of the present invention is 
appUed. Examples of such protein include plasma-derived proteins, proteins derived from other tissues and 
proteins obtained by gene recombination or tissue culture. Specific examples of the protein include 
plasminogen, blood coagulation factor V, blood coagulation factor VII, blood coagulation factor VIII, blood 
coagulation factor IX. blood coagulation factor XJll, antithrombin Ill, haptoglobin, thrombln. prothrombin, 

75 immunogtobuffn, fibrinogen, fibronectin, albumin, hemoglobin, interteron and plasminogen activator. The 
protein-containing liquid composition is not subject to particular limitation as long as it contains a protein as 
described above. 

There is no particular limitation posed on the protein-containing liquid composition to which the method 
. of the present Invention Is applied. Examples thereof include plasma or tissue extracts, solutions comprising 

20 a fraction obtained by treating a plasma or tissue extract by various fractionation methods, culture broths 
obtained by culturing a gene recombinant host or tissue and commercially available protein preparations (in 
a liquid form) or their solutions. 

Also, the degree of purification of the protein-containing liquid composition of the present invention in 
c0ntact with trialkyl phosphate is not subject to particular limitation; it is possible to apply the method of the 

25 present invention to any degree of purification. Therefore, the composition may be brought into contact with 
trialkyl phosphate at any step during protein separation and purification. 

Although trialkyl phosphate treatment and heat treatment may . precede or follow each other, it ls 
preferable to conduct trialkyl phosphate treatment prior to the other. 

The trialkyl phosphate used for the present invention ls not subject to particular limitation, but it ls 
ao preferable lo use tri-(n-butyl) phosphate, tri-(tert-butyl) phosphate, tri-(n-hexyl) phosphate, tri-(2-ethylhexy!} 

phosphate, tri-(n-decyl) phosphate or the like. Tri-(n-butyl) phosphate (hereinafter referred to as TNBP) is 
, especially preferable. It Is also possible· to use a mixture of two or more different trialkyl phosphates. 

The trialkyl phosphate for the present Invention ts used in an amount between 0.01 to 10 (w/v)%, 

preferably about 0.1 to 3 (w/v)%. 
35 Trlalkyl phosphate may be used in the presenoo or absence of a surfactant It Is preferable to use 

trlalkyl P.hosphate In combination with a surfactant. The surfactant may be added in any step before, 
simultaneously with, or after the contact of trialkyl phosphate with the prQteln-containlng liquid composition. 
The surfactant functions lo enhanoo the contact of the viruses in the protein-containing composition with 
bialkyl phosphate. 

"'° Examples Of the surtactant Include polyoxyethylene derivatives of fatty acid; partial esters of anhydrous 
sorbltol such as Polysorbate 80 (trade name : Tween ~. etc.) and Polysorbate 20 (trade name : Tween 20, 
ete.); and nonionic oil bath rinsing agents such as oxyethylated alkylphenol (trade name: Triton X100, etc.). 
Examples also include sodium deoxycholate; Zwittergents, I.e., synthetic Zwitter Ionic detergents known as 
sulfobetalne, such as N-dodecyl-N,N-dimethyl-2-ammonlo-1-ethanesulfonate and Its homologues; and non-

46 Ionic detergents such as octyl-JJ,D-glucopyraooslde: 
When using a surfactant, It Is not added In a critical amount; for example, it may be used at ratios 

between about 0.001% and about 10%, preferably between about 0.01% and 3%. 
Trlalkyl phosphate treatment is especially valuable for the Inactivation of envelop&.coated viruses, such 

as hepatitis B virus, non-A non-B hepatitis virus,. human Immunodeficiency virus (HIV), Vesicular Stomatitis 
so virus, Slndbls virus, etc. It 1s also possible to inactivate heat resistant viruses by heat treatment in a dry 

state for a sufficient time. 
In the present invention, trialkyl phosphate treatment of the protein-containing composition is carried out 

at -5 • C to 70 • C, preferably 0 • C to 60 • C for more than 30 minutes, preferably 1 to 30 hours, more 

preferably 3 to 1 o hours. . . . 
ss . The.trialkylphosphate treatment is carried out iii the preselice·afa protease inhibitor· to 

prevent protem activity reduction. 
There ls no particular limitation posed on the protease inhibitor as tong as It Is a substance which 

substantially Inhibits protease activity. Examples of such substance Include basic amino acids such as E-
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aminocaproic acid (EACA), lysine and arglnire: and proteins such as aprotinin. 
The trialkyl phosphate is removed after trlalkyl phosphate treatment. When using the surfactants 

and/or stabilizers, they are removed as well. Any method can be employed for this removal; examples 
include the method in which protein is adsorbed by affinity chromatography and the method in which 

5 protein is recovered by precipitation. A known method of heat treatment is also applicable. 
Heat treatment of a dry composition follows trialkyl phosphate treatment, i.e. is carried out after the 

trialkyl phosphate treatment. For the heat treatment, the dry composition is obtained by, removing trialkyl 
phosphate, etc., then recovering protein and lyophilizing it by a known method. 

10 Heat treatment of the dry composition Is carried out nonnally at 30 • C to 100 • C, preferably 55 • C to 
75 • C normally for 3 to 200 hours, preferably 10 to 100 hours. Heat treatment may be carried out in the 
presence of a stabilizer to protect the protein from heat. Examples of the stabilizer include sugar, sugar 
alcohol and amino ackl. 

A protein-containing composition In a dry form of the present invention does not substantially contain 
1s water and normal moisture content thereof ls not more than 3%, preferably not more than 1 %. 

When a protein-containing composition Is brought into contact with alkyl phosphate In the presence of a 
protease inhibitor according . to the present Invention. either liquid heat treatment or Clry heat treatment can 
be employed. As in the dry heat treatment. liquid heat treatment is preferably conducted after trialkyl 
phosphate treatment. In that case, protein Is recovered after the removal of trialkyl phosphate, etc. 

20 When liquid heat treatment is employed, it is normally carried out at 30 • C to 100 • C, preferably 55 • C 
to 75•c normally for 1 to 100 hours, preferably 5 - 30 hours. Heat treatment may be carried out in the 

. presence of a stabilizer to protect the protein from heat. Examples of the stabilizer include sugar, sugar 
alcohol and amino acid. 

The production method of the present invention permits production of a protein-containing composition 
25 wherein viruses were efficienUy Inactivated without ~poiling the protein activ~. 

Trialkyl phosphate treatment has a weak inactivating effect on viruses having no envelope. It should be 
noted, however, that the present invention permits significant inactivation of such viruses via a process 
wherelQ a dry protein-containing composition Is subjected to heat treatment. 

Also, in trialkyl phosphate treatment at 25 ~ C to 30 • C, there is a possibility that proteolysis by 
30 coexisting protease in the solution may be promoted due to long residence at this temperature; however, 

protein activity reduction can be suppressed by conducting the treatment in the presence of a protease 
Inhibitor. 

Accordingly. the production method of the present invention ls very favorable as an industrial production 
. method for a pharmaceu6cally safer protein-containing composition, and it is especially valuable for the 

35 production of virus-inactivated protein preparations. 

Example 1 

Production method for a composition containing blood coagulation factor VIII 

Cryopreclpitate was dissolved fn a 20 mM Tris-HCI buffer. To this soluti<m was added aluminum 
hydi'o>Cide gel at 1% (v/v) to yield a deprothrombinized solution. To this solution were added TNBP [trl-(n­
butyf) phosphate) and Tween 80 so that their final concentration became 0.3% {w/v) and 1% (w/v), 
respectively, and this was followed by virus inactivation treatment at 30 • C for 6 hours. Then, glycine was 

45 added so that its concentration became 2 M, and this was followed by centrifugation to precipitate and 
remove fibrinogen. To the obtained supernatant was added sodium chloride so that Its ooncentration 
became 1.5 M. and this was followed by recovery of the factor VIII as a precipitate. The recovered factor 
VIII was dissolved in a 20 mM Tris-HCI buffer. and this was again followed by glycine fractionation and 
sodium chloride fractionation to remove the residual portions of TNBP and . Tween 80. The factor VIII 

so precipitate thus obtained was dissolved to a given concentration and then dispensed to vials and 
lyophilized. The lyophilized factor VIII preparation was subjected to dry heat treatment at 60 • C for more 
than 72 hours to yield a preparation Which I~ safe against viruses. 
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Example2 

Production method for a composition containing blood coagulation factor IX 

5 DEAE-Sephadex was placed in blood plasma to adsorb the factor IX to the gel. After thoroughly 
· washing the gel with a buffer containing 0.15 M sodium chloride, the factor IX was eluted with a buffer 

containing 0.5 M sodium chloride. To this eluate were added TNBP and Tween 80 so that their 
concentration became 0.3% (wlv) and 1%, respectively, and this was followed by virus inactlVatlon 
treatment at 30 • C for more than 6 hours. DEAE-Sephadex was again placed In the virus-inactivated factor 

10 IX solution to adsorb the factor IX. and this was followed by gel washing, whereby TNBP and Tween 80 
were removed Into the washings. It Is also possible to couple the factor IX to gel bound with an antl·factor­
IX monoclonal antibody In place of DEAE-Sephadex and treat It In the same manner as above. After elution 
from the gel, the factor IX was adjusted to the desired Ionic strength and titer, and then dispensed and 
lyophillzed to yield a factor IX preparation. FurUter, dry heat treatment at eo•c for more than 72 hours was 

15 conducted to Inactivate the non-envelope viruses, whereby the preparation was made safer. 

Example 3 

Production method for a thrombin-contalnlng composition 

Com Fr II +HI paste or Fr HI paste was dissolved In a 0~15 M sodium chloride solution. To this solution 
was added thromboplastin (placenta extract) to convert prothrombln to thrombln. Then, thrombin was 
adsorbed to SP-Sephadex. After thoroughly washing the gel with a 0.15 M sodium chloride solution, 
thrombln was eluted with a buffer containing 0.5 M· sodium chloride. To this eluate were added 0.3% (w/v) 

25 TNBP and 1% (w/v) Tween BO, and this was followed by virus inactivation.treatment at 30•C for more than 
6 hours. After Virus inactivation treatment, thrombin was again adsorbed to SP-Sephadex or heparin-gel. 
After thoroughly washing the gel to remove TNBP and Tween 80, thrombln was eluted from the gel. The 
thrombln thus obtained was adjusted to the desired ionic strength and titer, and then dispensed and 
·lyophllized, after which It was subjected to dry heat treatment at 60 • C for more than 72 hours. 

Example 4 

Production method for a fibrinogen-containlng composition 

ss Com Fr I paste was dissolved in a physiological saline solution. To this solution were added 0.3% (w/v) 
TNBP and 1 o/o (w/v) Tween 80, and this was followed by virus Inactivation treatment at 30 • C for more than 
6 hours. Then, flbrlnogen was precipitated by glycine-sodium chlonde fractionation or ethanol fractionation • 

. The flbrfnogen precipitate thus obtained was dissolved In a physiological saline solution and then subjected 
to glycine-sodium chloride fractionation or ethanol fractionation to precipitate flbrinogen, which was then 

40 recovered. This fractionation procedure was conducted 3 to 5 times, during which TNBP and Tween 80 
were removed into supematants. The flbrfnogen precipitate thus obtained was dissolved to a given 
concentration. and then dispensed and lyophilized, after which It was subjected to dry heat treatment at 
60 • C for more than 72 hours. 

48 Example 5 

Production method for a composition containing blood coagulation factor VHI · 

Cryopreclpitate obtained by freeze-thawing normal human plasma, as the starting matarfal, was 
oo extracted with, and dissolved In a 5-fold amount of 20 mM Trls-10 mM citrate buffer (pH 7.0). To this 

solution was added aluminum hydroxide gel In a ratio by volume of 1/10 relative to the amount of 
cryopreclpitate used, and this was followed by stirring for 30 minutes. Then, bentonite was added in a ratio 
Of 6 g/I, and this was followed by stirring for 1 hour and then centrifugation at 4000 rpm for 30 minutes to 
yield a supematant, which was then sut>Jected to surfactant treatment for virus inactivation (after trl·n-butyl 

55 phosphate and Tween 80 ware added so that their concentration became 0.3% and 1%, respectively, 
stirring was carried out at 30 • C for 8 hours) and then glycine fractionation. Glycine fractionation was 
achieved by glycine addition to the solution In a ratio of 150 g/I, stirring at 30 • C for 1 hour and subsequent 
centrifugation (4000 rpm, 30 minutes, 30 • C). To the supernatant thus obtained, sodium chloride was added 
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(87 g/I), and this was followed by stirring for 1 hour to salt out the factor VIII fraction, whereby a centrifugal 

precipitation (4000 rpm, 30 minutes. 30 • C) was obtained. 
Then, the salting-out precipitation was dissolved In a 20 mM Tris buffer (pH 7.0) and then adjusted to 

an adsorbance at 280 nm of 25 to 30 to yield a sample to be Injected Into the gel filtration column. The 

s column packing used was Sephacryl S-400 HR, produced by Pharmacia The sample Injection volume was 

5 to 7% relative to the column bed capacity. The factor VIII active fraction which had passed through the 

column was collected. The conditions of fractionation were as follows: 
Injected sample: Salting-out precipitation solution 
Column: Sephacryl 6-400 HR 

10 Solvent: 20 mM Trls·HCI, 10 mM CaCi2, 1 M NaCl buffer, pH 7.0 
As a result, the blood coagulation factor VIII was eluted In the column void fraction, with Impurity protein 

separated to high degree. The eluate was then adjusted to the desired Ionic strength and titer, after which It 
was dispensed and lyophilized to yield a factor VIII preparation. 

Further, dry heat treatment at 60 • C for more than 72 hours was conducted to make the preparation 

1s safer. 

Example 6 

Com Fr I paste was dissolved In a 0.055 M sodium citrate buffer, pH 6.4, containing 0.025 M EDTA-2Na 

ao and 1 O units/ml aprotinln. This solution was heated at 50 • C for 30 minutes to denature and remove 

flbrinogen (Japanese Patent Application No. 447911982). This solution was concentrated. To the resulting 

concentrate were added 30 units/ml aprotinln, 0.3% (wlv) TNBP and 1 % (w/v) Tween 80, and this was 
followed by virus Inactivation treatment at 30 • C for more than 8 hours. After the virus Inactivation treatment. 

flbronectln was adsorbed to DEAE-Sephadex. Att8r thoroughly washing the gel to remove TNBP and Tween 

as 80, flbronectln was eluted from the gel. This eluate was concentrated to yleld a preparation which Is safe 
against viruses. 

Example 7 

30 The flbronectln obtained in Example 6 was adjusted to 30 mg/ml with a 0.05 M Tris-phosphate buffer, 

pH 8.0. To 1 1 of an aqueous solution thereof was added 1 kg of sucrose. After vigorous stirring, this 

solution was heated at 60 • C for 1 O hours. After coollng, the solution was dialyzed against a 0.9% sodium 

chloride solution, and this was followed by centrifugation to yield a clear supernatant. 

35 Example 8 

Cryopreclpltate was dissolved in a 20 mM Trls-HCI buffer. To this solution was added aluminum 

hydroxide gel 8t 1 % (wlv) to yield a deprothromblnlzed solution. To this solution was added glycine so that 

Its concentration became 2 M to precipitate and remove flbrinogen. To the obtained supematant was added 

40 sodium chloride so that Its concentration became 1.5 M, and this was followed by recovery of flbronectln 

Into the supematanl After desalting and concentration of this solution, 4~ EACA (E·amlnocaprolc acid) and 

then 0.3% (w/v) TNBP and 1 % (w/v) Tween 80 were added to the concentrate, and this was followed by 

virus Inactivation treatment at 30 • C for more than 6 hours. After virus Inactivation treatment, the same 

procedure was followed as In Examples 6 and 7 to yield a preparation which Is safe against vl~ses. 

45 

Experiment Example 1 

Virus Inactivation effect 

e:o Examinations were made of the Inactivation effect of the present invention on viruses present in 

55 

compositions containing blood coagulation factor VIII, compositions containing blood coagulation factor IX, 

thrombin-containlng compositions and fibrlnogen-containlng compositions. 

(Method of experimentation) 

Samples of each preparation, namely, cryopreclpltate solutions for the factor VIII, DEAE-Sephadex 
eluates for the factor IX, SP-Sephadex eluates for thrombln and Fr. I paste solutions for flbrlnogen were 

collected during production processes for respective preparations. To each sample was added TNBP and 

7 
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Tween 80 so that their concentration became 0.3% (w/v) and 1 % (w/v), respectively, and this was followed 
by the addition of VSV or Sindbls virus, both are envelope viruses, and Echo virus, an envelopeless virus, 
as monitor virus, In a ratio of 106 to 107 virus particles/ml. Then, the sample was kept warmed at 30•C, and 
time-course sampling was conducted to determine the activity of residual viruses according to the method 

6 shown in Table 1. The results are given in Tables 2 through 4. In every preparation, VSV and Sindbls virus 
were Inactivated below the detection limit by treatment at 30 • C for 1 _hour. On the other hand, Echo virus, 
an envelopeless virus, was hardly inactivated even after 60 hours of treatment at 30 • C. 

Table 1 
10 

Test Virus, Host Cell Lines and Methods of Infection Level Determination 

Subject virus Host cell fine Method of Infection level determination 

16 
Vesicular stomatitls (Indiana strain) FL Plaque formation 
Sindbls CEF Plaque formation 
Echo (type 6) He la Observation of cell degenerating effect 

20 

;s 
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Table 2 Virus Inactivating Effect of TNBP/Tween 80 Treatment on Factor VIII 

V.1,.rus TNBP/Tween 80 Duration (min.) of incubation at 30°C 
treatment 

0 s 10 30 60 120 240 360 
'• / 

• ... • ,..o<t\!-:. 
':"' 

vsv 'l'NBP/Tween 80 106.2 . 103.9 103.0 - - - - -
control 106.6 ND 106.S 106.0 106.2 ND 105.9 105.9 

Sindbis TNBP/Tween 80 107.0 104.3 103.9 - - - - -

control 106.7 106.S 106.7 106.7 106.6 NO . 106. 6 106.S 

Echo TNBP/Tween 80 106.7 106.7 NO 105· 7 105.S ND 104.S 1 o4 .1 

control 107.3 106.7 NO 106.3 105.S NO 104.3 1o4.3. 

Figures represent values of PFU/ml or TCio50/ml; - represents values less than 

102.7 PFU/ml; control means no treatment with TNBP/Tween 80. 
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Table 3 Virus Inactivating Effect of TNBP/Tween 80 Treatment on Factor IX 

Virus TNBP/Tween 80 Duration (min.) of incubation at 30°C 
treatment 

0 s 10 30' 60 120 240 360 

m 
vsv TNBP/Tween 80 1 o6.1 'V - - - - - - - 0 

... control 106 .1 105.8 105.8 105.7 105.6 ND 105.3 105.8 ~ 0 

§ Sindbis TNBP /Tween 80 · 106.6 104.3 103.9 102.9 - - - - m 
control 106.7 106.7 106.7· 106.7 106.7 ND 106.7 -106.7 

Echo TNBP/Tween 80 c 106.9 106.9 ND 106.9 106.7 NO ·106. 9 106.S 

control 106.7 ND ND 106.7 106.9 ND ND 106 •. S 

Figures represent v~lues. of PFU/ml or TCio50/ml; - represents values less than IV 
--.J 

102.7 PFU/ml; control means no treatment with TNBP/Tween 80. c.... 
Q) 
::J 
c: 
Q) 

-< 
IV 
0 
0 
01 
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Virus 

vsv 

Sindbis 

Echo 
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Table 4 Virus Inactivating Effect of TNBP/Tween 80 Treatment on Fibrinogen 

TNBP/Tween 80 Duration (min.) of incubation at 30°C 
treatment 

0 5 10 30. 60 120 240 360 

TNBP/Tween 80 105.8 - - - - - - -
control 105· 7 105.9 105.9 106.0 105.3 ND 104.7 105.2 

TNBP/Tween 80 107.0 104.0 - - - . - - -
control 107.0 1 o7 .1 107.0 107.2 107.0 ND 107.0 106.8 

TNBP/Tween 80 . 106-~ 106.1 ND 105.9 ND 104.9 104.3 1 o4 .1 

control 106.S ND ND 106._1 ND 105.1 ND 104 .1 

Figures represent values of PFU/ml or TCio50/ml; - represents values less than 

102·7 PFU/ml; control means no treatment with TNBP/Tween 80. 
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Experiment Example 2 

Stability of protein 

· 5 In the case of the factor VIII, 0.3% (w/v) TNBP and 1 % (w/v) Tween 80 were added to a cryopaste 
extract, and this extract was kept warmed at 30 • c. Time-course sampling was conducted to determine 
factor VIII activity. Based on the finding that the 24-hr residua& activity was 80% (see Ag. 1), it was judged 
that the factor VIII activity was hardly lost due to treatment at 30 • C for 6 hours. Th~s. stabilizer screening 
was not conducted. As for. stability to dry heating, more than 95% activity was maintained even after 72 

10 hours of treatment at 60 • C; stabilizer screening was not conducted as well. 
In the case of the factor IX, 0.3% (w/v) TNBP and 1 % (w/v) Tween 80 were added to a DEAE eluate, 

and this eluate was kept warmed at 30 • C. Time-course sampling was conducted to determine factor IX 
activity. Although slight activity reduction occurred after 24 hours, I.e., the 24-hr residual activity ratio was 
76%, almost no significant reduction occurred after 8 hours of treatment at 30 • C. Thus, no stablllzer was 

15 added. (see Fig. 2). 
As for stability to dry heating, more than 95% activity was maintained even after 72 hours of treatment 

at 60 • C; stabilizer screening was not conducted as well. 
In the case of thrombln, 0.3% (wlv) TNBP and 1% (wlv) Tween 80 were added to an SP·Sephadex 

eluate, and this eluate was kept warmed at 30 • C. Time-course sampling was conducted to determine 
20 thrombln activity. Significant activity loss occurred after. 30 hours, and it was judged that 90% activity was · 

difficult to be maintained even after 6 hours of treatment at ao•c. Thus, stabilizer screening was conducted. 
As a result, thrombln activity reduction was successfully suppressed by the addition of EACA (E­
amlnocaprolc acid) or arglnln. In particular, when EACA was added at a concentration above 2%, more than 
90% activity was maintained even after 30 hours of treatment at 30 • C (see Rgs. 3 and 4). 

26 In the case of flbrinogen, 0.3% (w/v) TNBP and 1 % (wlv) Tween 80 were added to an Fr.I paste 
solution, and this solution was kept warmed at 30 • C. Time-course sampling w~ conducted to determine 
fibrlnogen coagulation activity. It was found that there was no coagulation activity after 24 hours of treatment 
at 30 • C; stabilizer screening was conducted. Aprotlnln and . EACA were both found to have a stablliztng 
effect. When EACA was added at a concentration above 5%, more than 90% coagulation activity was 

so maintained even after 24 hours of treatment at 30 • C (see Fig. 5). 

Experiment Example 3 

To the desalted concentrate obtained in Example 8, 0.3% (w/v) TNBP and 1% (w/v) Tween ao· were 
as added, and this concentrate was kept warmed at 30 • C. The gelatin binding activity of fibronectln was 

determined after 3, 6 and 30 hours; 6-hrs residual activity ratio was 85% and It decreased to 55% after 30 
hours. Thus, stabilizer screening was conducted. When EACA was added at a concentration above 2% or 
aprotlnln was added at a concentration above 10 unHs/ml, fibronectln activity reduction was successfully 
suppressed (see Tables 5 and 6). 

60 

Table5 

Amount of EACA added (%) Residual gelatin binding 
activity ratio (%)1> 

Not added 55 
1 84 
2 92 
4 96 

Note 1 ): Figures are shown In values relative to the value before the 
treatment taken as 100%. 
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Table6 

Amount of aprotinin added (unit/ml) Residual gelatin binding 
activity ratio (%)1> 

Notadded 55 
10 91 
30 97 

. 

50 98 

Note 1 ): Figures are shown In values relative to the value before the treatment 
taken as 100%. 

1s Experiment Example 4 

To the desalted concentrate obtained In Example 8 were added 30 units/ml aprotlnln and then 0.3% 
(w/v) TNBP and 1 % (w/v) Tween 80. To this mixture were added VSV or Slndbis virus, both are envelope 
viruses, and Echo virus,· an envelopeless virus, as monitor virus, In a ratio of 106 to 1 O" virus particles/ml. 

20 Then, the mixture was kept warmed at 30 • C and time-course sampling was conducted to determine the 
activity of residual viruses accol'.dlng to the method shown in Table 7. The results are given In Table 8. In 
every preparation, VSV and Slndbls virus were Inactivated to below the detection limit by treatment at 30 • C 
fOr 30 hours. On the other hand, Echo virus, an envelopeless virus, was hardly inactivated even after 6 
hours of treatment at 30 • C. 

25 

Table 7 

Test Virus, Host Cell Unes and Methods of Infection Level Determination 

30 Subject virus Host cell llne Method of Infection level determination 

Vesicular stomatltls (Indiana strain) FL Plaque formation 
Slndbls CEF Plaque .formation 
Echo {type 6) Hela Observation of cell degenerating effect 

35 
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(a) contactino a protein~containing liquid composition which may be contaminated with virus with a 
triaJkyl phosphate in the presence of a protease inhibitor; 
(b) removing the trialkyl phosphate arid the protease inhibitor from the protein-containing liquid composition; 
(c) lyophilizing the protein-containing liquid composition to obtain a dry protein-containing composi-

s tion; 

15 

and 
(d) heat-treating the dry protein-containing composition. 

2. A method for preparing a virus-inactivated protein-containing composition as claimed_ in Claim (1) 
I wherein the protein Is derived from plasma. 

3. A method for preparing a virus-Inactivated protein-containing composition as claimed in Claim (1) 
Wherein the trialkyl phosphate is trl-(n-butyl) phosphate.· 

4. A method for preparing a virus-inactivated protein-containing composition as claimed in Claim (1) 
20 wherein trialkyl phosphate is used In an amount between 0.01 to 10 (wiv)%. , 

25 

5 • A method for preparing a virus-inactivated protein-containing composition as claimed in Claim (1) • 
characterized in that a composition Is brought Into contact with trialkyl phosphate in the 
preserice of a surfactant. 

6. A method for preparing a virus..fnactivated protein-containing composition as claimed in Claim (1 ), 
characterized in that the heat treatment is conducted at 30 • C to 100 • C for 3 to 200 hours. 

7. A method for preparing a virus-Inactivated protein-containing composition as claimed in Claim (1) 
30 wherein the protein is at least one species selected from among the group consisting of blood 

coagulation factor VIII, blood coagulation factor IX. thrombin, fibrinogen and fibronectin. 

PatentansprUche 

35 .1. Verfahmn zur Herstellung einer virusinaktiviarten proteinhaltigen Zusammensetzung, umfassend die 
Schritt& 

(a) des in ln-BerUhrung-Bringens einer proteinhaltigen flUssigen Zusammensetzung, die durch Viren 
verunreinigt sein kann, mit einem Trialkylphosphat; 
(b) des Entternens des Trialkylphosphats aus der proteinhaltigen flUssigen Zusammensetzung; 

40 (c) des Lyophllisierens der protelnhaltigen flUssigen ZusammenSQtzung zur Gewinnung einer trocke­
nen proteinhaltigen Zusammensetzung; und 
(d) der Hitze-Behandlung der trockenen proteinhaltigen Zusammensetzung. 

2. Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1, 
45 daifurch gekennzeichnet. daB eine proteinhaltig~ ftOssige Zusammensetzung, ·die durch Viren verunroi­

nigt sein kann, mit einem Triatkylphosphat in Gegenw8rt elnes Protease-Inhibitors in Bertlhrung 
gebracht wird. 

3. . Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1 
so oder Anspruch 2, worin das Protein aus Plasma stammt 

4. Verfahren zur Herstellung einer virusinaktivierten proteinhaltigen Zusammensetzung nach Anspruch 1 
oder Anspruch 2, worin das Trialkylphasphat Tri-(n-butyl)phosphat ist. 

ss 5. Verfahren zur Herstellung_ ~iner virusinaktivierten protelnhaltigen Zusammensetzung nach Anspruch 1 
oder Anspruch 2, worin ·das Triafkylphosphat in einer Menge zwischen 0,01 und 10 GewNol.·% 
verwendet wird. 

15 
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8. Verfahren zur Herstellung elner viruslnaktivlerten protelnhaltigen Zusammensetzung nach Anspruch 1 
oder Anspruch 2, dadurch gekennzeichnet. daB die Zusammensetzung mit elnem Trialkylphosphat In 
Gegenwart elnes Tenslds In BerOhrung gebracht wird. · 

7. Verfahren zur Herstellung elner vlrusinaktlvlerten proteinhaltlgen Zusammensetzung nach Anspruch 1, 
dadurch gekennzeichnet, daB die Hltze-Behandlung 3 bis 200 h bel 30 • C bis 100 • C durchgefUhrt 
wird. 

8. Verfahren zur Herstellung elner vlruslnaktlvlerten proteinhaltlgen Zusammensetzung nach Anspruch 1 
oder Anspruch 2, dadurch gekennzeichnet, da8 etas Protein wenlgstens elne Species 1st, die aus der 
aus Blutgerinnungsfaktor VIII, Blutgerlnnungsfaktor IX. Thrombln, Flbrinogen und Abronectln bestehen­
c;len Gruppe ausgewlhlt 1st. 

Revendlcatlons 

1. Pr~~ de prtjparatlon d'une composition contenant des p~lnes l virus inactlves, comprenant les 
tStapes de: 

(a) mlse en contact d'une composition llqulde contenant une protelne, qui peut 8tre contaml~e par 
un virus, avec un phosphate de trialkyle ; 
(b) tSHmlnatlon du phosphate de trialkyle de la composition llqulde contenant une protelne : 
(c) lyophlllsatlon de la composition contenant une prob§lne pour obtenlr une composition seche 
contenant une p~lne ; 
et 
(d) traitement par la chaleur de la composition Mche contenant une p~ine. 

2. Pr~~ de preparation d'une composition contenant des prot8ines l virus lnactives comma revendi­
qu~ dans la revendlcatlon 1, caracttSri~ en ce qu'une composition llqulde ooi1tenant une protelne, 
pouvant @tre contamln~e par un virus, est mlse en contact avec du phosphate de trialkyle en presence 
d'un fnhiblteur de protease. 

3. Pro00~ de preparation d'une composition contenant des prot8ines l virus lnactives comma revendl­
qu~ dans la revendlcatlon 1 ou dans la revendlcatlon 2, dans lequel fa protelne est d~rlwe du plasma. 

4. Prod~ .de preparation d'une composition contenant des prot8ines l virus inactives comma revendl­
qu6 dans la revendicatlon 1 OU la revendlcatfon 2, dans lequel le phosphate de trlalkyle est du 
phosphate de trl-(n-butyle). 

&. Pro~dtS de prtSparatlon d'une composition contenant des protelnes l virus lnactives comma revendi· 
qu6 dans la revendlcation 1 ou la revendlcatlon 2, dans lequel le phosphate de trialkyle est utili~ en 
une quantite comprise entre 0,1 et 10 (p/v) %. 

6. P~d6 de preparation d'une composition contenant des prott§lnes l virus inactlves comma revendl­
qu~ dans la revendlcation 1, caracb1rle en ce qu'une composition est mlse en contact avec du 
phosphate de trlalkyle en presence d'un tenslo-actif. 

7. Pr~6 de prtSparatlon d'une composition contenant des probJlnes l virus lnactives comma revendl­
qu~ dans la revendlcatlon 1, cara~rle en ce qua· 1e traltement par la chaleur est mis en oeuvre de 
30 • C l 100 • C pendant 3 l 200 heu·r~s. 

8. Pro~cte de preparation d'une com~itlon contenant des protelnes A virus lnactlves comma revendi­
qu~ dans la revendication 1 ou la revendlcatlon 2, dans lequel la prottSine est au molns une es~ce 
cholsle dans le groupe constltua du factaur VIII de coagulation du sang, du facteur IX de coagulation du 
sang, de la thromblne, du fibrinog~ne et de la flbronectlne. 
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