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ABSTRACT OF THE DISCLOSURE

A solution containing at least one of albumin
and globulin is effective for extracting endotoxin
adhered to or adsorbed on a surface of a solid such as
containers, medical devices, disposable needles, etc.,
and thus useful as a cleaning agent for these'containers,

medical devices, etc.
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BACKGROUND OF THE INVENTION

This invention relates to a process for
extracting endotoxin adhered to or adsorbed on a surface
of a solid.

Endotoxins are lipopolysaccharides present
mainly in cell walls of Gram-negative bacteria and are

known as pyrogens. Therefore, the measurement of
endotoxin concentration in a sample is one important
measurement in the fields of medical science,
pharmacology and microbiology.

As to medical devices such as syringes and
catheters, in order to pre#ent penetration of pyrogens
into human bodies, it is necessary to severely control
contamination due to endotoxins. Many medical devices
are made from various synthetic resins, glass, metals and
natural fibers. Among these materials, some are known to
adsorb endotoxin thereon. In order to measure the degree
of contamination of these materials with endotoxin, these
materials aré generally rinsed with water or a
physiological saline to extract the endotoxin adhered to
surfaces thereof. Then, the amount of endotoxin in the
extract is measured. According to the above-mentioned
method, there is a fear of not completely extracting the
endotoxin adhered to or adsorbed on surfaces of solids,

resulting in causing extraction of endotoxin, which has



10

15

20

25

20854438

not been extracted with the water or physiological
saline, when contacted with blood and drugs.
Therefore, it is earnestly desired to establish
a process for extracting endotoxin from surfaces of
solids effectively, and a process for measuring the
degree of contamination of such materials with endotoxin
precisely. At the same time, it is also earnestly
desired to provide a process for effectively cleaning

containers and devices contaminated with endotoxin.

SUMMARY OF THE INVENTION

It is an object of the present invention to
effectively extract endotoxin which is adhered to or
adsorbed on a surface of a solid and not extracted with

water or a physiological saline in order to solve the

~above-mentioned problem.

The present invention provides a process for
extracting endotoxin adhered to or adsorbed on a surface
of a solid, which comprises contacting the solid with a
solution containing at least one of albumin and globulin.

The present invention also provide an extract-
ing solution for extracting endotoxin adhered to or

adsorbed on a surface of a solid, comprising at least one
of albumin and globulin.
The present invention further provides a clean-
ing process comprising cleaning a container or devices
contaminated with endotoxin using a solution containing

at least one of albumin and globulin.
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The present invention still further provides a

cleaning agent for cleaning a container or device, which

comprises at least one of albumin and globulin.

BRIEF DESCRIPTION OF THE DRAWINGS
The attached drawing is a graph showing a
change of the amount of endotoxin in the filtrate

obtained in Example 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present inventors have earnestly studied
how to extract effectively endotoxin adhered to or

adsorbed on a surface of a solid and found that when a
solution containing albumin and/or globulin, particularly
a solution containing albumin is used, the endotoxin
adhered to or adsorbed on a surface of a solid not

extracted with water or a physiological saline can be

extracted with extremely high efficiency. Thus, the

present invention has been accomplished.

As the extracting solution containing at least
one of albumin and globulin, there can be used an aqueous
solution or a'buffer solution containing at least one of
albumin and globulin; blood plasma and serum containing
as major protein components albumin and globulin.

As the blood plasma or serum, there can be used
that derived from vertebrate animals, etc.

As the albumin'and/or globulin, there can be

used those obtained by purifying or partially purifying
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protein components contained in blood plasma or serum.
;As the extracting solution containing albumin
and/or globulin used in the present invention (herein-
after referred to as "the extracting solution"), there
can be used not only those specially prepared but also
those commercially available such as fresh plasma and
fresh frozen human blood plasma commercially available
from.the Japanese Red Cross Society; therapeutic human
plasma protein fraction and human serum albumin
commercially available from Nihon Pharmaceutical Co.,
Ltd., Rorer Group Inc., Armour Biochemicals Co., Cutter
Biological Co., Baxter Travenol Laboratories, Inc., The
Green Cross Corp., and The Chemo-Sero-Therapeutic
Research Institute; human immunoglobulin commercially
available from Takeda Chemical Industries, Ltd., Otsuka
Pharmaceutical Co., Ltd., The Green Cross Corp., Hoechst

AG, the Japanese Red Cross Society, and Fujirebio Inc.;

foetal calf serum commercially available from Whittaker

Corp., Hyclone Laboratories, Inc., Gibco

Laboratories+Life Technologies, Inc., and Boehringer
Mannheim GmbH; and the like.

Among these solutions containing albumin and/or
globulin, the most preferable one is an agueous solution
containing humah serum albumin (hereinafter referred to
as "HSA solution").

The amount of endotoxin extracted by the

process of the present invention from a surface of a

solid to which endotoxin is adhered or on which endotoxin
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is adsorbed, can be measured by a conventional method,
for example, by a Limulus test method using a horseshoe
crab hemocyte lysate (hereinafter referred to as "AL
solution"). Thus; the degree of contamination of
containers and devices, etc. can be measured precisely.

Needless to say, the solution containing

‘albumin and/or globulin should not contain endotoxin in

an amount which influences the results of meaSQrement.

In order to attain such an object, it is
necessary to use a solution of albumin'and/or globulin
selected from lots not containing endotoxin in an amount.
which interferes the measurement. When a solution of
albumin and/or globulin containing endotoxin is used, it
is necessary to remove the endotoxin using an endotoxin
adsorbent or an autoclave before the measurement.

Conditions of using the autoclave are, for
example, the temperature of about 121°C for about 15 to
120 minutes, usually used.

- As the endotoxin adsorbent, there can be'used a

carrier fixed with polymyxin B, a carriér fixed.with

histidine via a spacer, etc. Commerciélly'available

- adsorbents are Detoxi*Gelnﬂ(mfd. by PIERCE),.AffiFPrep

Polymyxin™ (mfd. by Bio-Rad Laboratories, Incf) , Pyrosep™
(mfd. by Tanabe Seiyaku Co., Ltd.), etc.

‘ The concentration of the albumin and/or
globulin in the extracting solution changes slightly
depending on the kind of solﬁtions used, on the

difference of lots, or on the degree of adhesion or
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1 adsorption of endotoxin to or on containers, devices and
the like, but is usually, in terms of the protein
concentration, 0.0001 mg/ml or more. 1In the case of
measuring the amount of endotoxin adhered to or adsorbed

9 on surfaces of solids such as containers, devices, etc.,
aftexr extraction, the concentration is preferably about

0.0001 to 6.00 mg/ml, more preferably about 0.02 to 3.00

mg/ml in terms of the protein concentration. For
example, in the case of using a human serum albumin

10 solution as the extracting solution, the concentration is
usually 0.0001% w/v or more, preferably about 0.0001 to
0.5% w/v (protein content: about 0.001 to 6.00 mg/ml)
particularly in the case of measuring the endotoxin
amount after extraction, more preferably about 0.002 to

15 0.25% w/v (protein content: about 0.02 to 3.00 mg/ml).
In the case of using a human plasma solution as the
extracting solution, the concentration is, in terms of
protein concentration, 0.0001 mg/ml or more, preferably
about 0.0001 to 1.0 mg/ml particularly in the case of

20 measuring the endotoxin amount after extraction, more

preferably about 0.1 to 0.5 mg/ml.

!

When the extract obtained by the extracting
method is subjected to the so-called Limulus test using
an AL solution for measuring an endotoxin concentration,

25 1t is desirable to obtain precise measured value without

any troubles.

As the extracting solution, there can be used a

human serum albumin (HSA) solution, a human plasma
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solution, a human serum solution, a fetal bovine serum
solution, a calf serum albumin (BSA) solution, a globulin
solution, etc. When the protein concentration in these

extracting solution becomes higher, an inhibition takes
place in the measurement of endotoxin by the Limulus test
after the extraction, resulting in giving lower values
than the true values. Therefore, in the case of

measuring the amount of endotoxin adhered to or adsorbed

1s not preferable. The above-mentioned preferable
concentration range of the albumin and/or globulin
solution, particularly the upper limit, is determined by
considering the above-mentioned fact. When the albumin
and/or globulin solution is used only for cleaning or
extraction, there is no problem of using a solution
having a higher protein concentration. The concentration
of the extracting solution causing interference at the
time of measurement by the Limulus test remarkably
changes depending on the kind of the extracting solutions
used. In the case of the HSA solution, such an inter-
ferenceitakes blace at the protein concentration of about
6.0 mg/ml. In the case of the human plasma, such an
interference takes place at the protein concentration of

about 1 mg/ml.



10

15

20

25

2085448

Limulus test, there can be used those extracted from

hemocytes of horseshoe crab belonging to Limulus genus,
Tachypleus genus or Carcinoscorpius genus and react with
endotoxin or @-1,3-glucan to undergo coagulation
reaction. It is, of course, possible to use an AL
solution prepared from freeze-dried products of AL
solutions which are commercially available from, for
example, Associates of Cape Cod Inc. (ACC), Whittaker
Bioproducts, Inc., Endosafe Inc., Seikagaku Corp., Wako
Pure Chemical Induétries, Ltd., etc.

As the Limulus test for measuring the amount of
endotoxin in the extract obtained by the extracting
process of the present invention, there can be used those
conventionally used. For example, a Gel-clot technique,

a chromogenic technique, an kinetic-turbidimetric

“technique, etc., described in, e.g. FDA Guide Line (guide

line on validation of the Limulus amoebocyte lysate test
as an end-product endotoxin test for human and animal
parenteral drugs, biological products, and medical
devices, Food and Drug Adm. (1987)).

When the extracting solution of the present
invention is used, endotoxin adhered to or adsorbed on a
surface of a solid can be extracted effectively.
Therefore, the extracting solution of the present
invention can be used as a cleaning agent for cleaning
containers and devices, etc. contaminated with endotoxin.

As the containers and devices, etc. to be

cleaned using the extracting solution, there are
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exemplified medical devices such as disposable needless,
disposable syringes, disposable blood administration
sets, disposable infusion sets, disposable blood
collecting devices, disposable sets for pump
OXygenerator, artificial blood vessels for medical use,
artificial cardiac values, heart pace makers,
hemodialyzers, as well as disposable experimental
equipments used in the endotoxin determination
(sterilized pipets, sterile test tubes, sterile pipet
chips, etc.).

The present invention is explained in detail
referring to the following Examples, in which all

percents are by weight unless otherwise specified.

Example 1
[ Reagents ]
(1) Endotoxin solution
E. coli reference endotoxin (standard endotoxin
specified by the Japanese Pharmacopoeia, lipopoly-
saccharide derived from E. coli UKT-B strain, containing
endotoxin corresponding to 16000 EU per vial) optionally
diluted with w;ter for injection was used.
(2) AL solution
Limulus ES-Test Wako (mfd. by Wako Pure
Chemical Industries, Ltd.)
(3) HSA solution
. 25% HSA.solutioﬁ (mfd. by Cutter Biological,

for injection) was diluted with water for injection to 1%
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1 and autoclaved at 121°C for 20 minutes. The solution was

confirmed not to contain any detectable endotoxin before

use.

[ Procedures])

§ . Using a Minisarts NML™ (mfd. by Sartrius).which
is a filtration unit for syringe with a cellulose acetate
filter, 10 ml of water for injection was filtered. Then,
10 ml of 1% HSA Solution was filtered, followed by
filtration of 10 ml of water for injection to rinse the

10 HSA away from the filter. The resulting filtrates were
fractionated in amounts of 2 ml, respectively. Using the
Minisarts after pre-cleaning, 5 ml of an endotoxin
solution (1.0 EU/ml) was filtered to adsorb endotoxin on
the filter. Subsequently, 50 ml of water for injection

15 and.25 ml of 1% HSA solution were filtered in this ofder.
The filtrates were fractionated in amounts of 5 ml,
respectively. The concentration of endotoxin in the
fractionated filtrates was measured using a Toxinometer
ET;éorm (mfd. by Wako Pure Chemical Industries, Ltd.).

20 The measuring procedures were as follows.

To O.lml of the AL solution, 0.1 ml of a
sample was added and‘vortexted. Then, the time required
for reducing the transmittance through the above mixed
solution to 5% (hereinafter referred to as "Tg") was

25 measured at 37°C. On the other hand,\endotoxin solutions
having various concentrations prepared by using water for

injection and the endotoxin solution as samples were

subjected to the same measurement as mentioned above to

- 10 -
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prepare a calibration curve showing a relationship
between the endotoxin concentration and Tg.

Based on the calibration curve, the endotoxin
concentration in the sample was calculated.

[Results)

The results are shown in Fig. 1 which shows a
change of endotoxin amounts in the filtrates.

In Fig. 1, WFI means water for injection, HSA
means the 1% human serum albumin solution, and RSE is the
endotoxin solution (1.0 EU/ml).

In the filtration of water for injection, a
small amount of endotoxin was detected in the filtrate of
initial stage. With the continuation of the filtration
of the distilled water for injection, no endotoxin was
detected in the filtrate. When the 1% HSA solution was
filtered under this state, endotoxin was detected in the
filtrate. The results show that endotoxin was originally
adhered to or adsorbed on the Minisarts, said endotoxin
being not extracted with the water for injection but
extracted with the 1% USA solution.

After this, when water for injection was
filtered again} endotoxin was detected again in the
filtrate. This seems to be that the endotoxin adhered to
or adsorbed on the Minisarts filter and insoluble in the
water for injection is changed to be soluble by the HSA
solution, and to be released from the filter surface into

the water for injection.

Then, the endotoxin solution was filtered and

. 1] -
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after that, the water for injection was filtered. After
detectable endotoxin was diminished in the filtrate, the
1% HSA solution was filtered, then a large amount of
endotoxin was detected. These results show that when the
endotoxin solution was filtered with the Minisarts, a
part of endotoxin adheres to or adsorbs on the filter and
not extracted with the water for injection sufficiently,
bﬁt can be extracted with the 1% HSA solution.

As is clear from the above results, the
endotoxin which is adhered to or adsorbed on the surface
of solid and cannot be extracted with the distilled water

for injection, can be extracted with the 1% HSA solution.

Example 2
[ Reagents]
(1) Endotoxin solution
The same as that used in Example 1.
(2) AL, solution
The same as that used in Example 1.
(3) HSA solution
The same as that used in Example 1.
(4) NaCﬂ.éolution
A physiological saline for injection (mfd. by
Otsuka Pharmaceutical Co., Ltd.)
(5) Plasmanate solution
Plasmanate (mfd. by Cutter Biological,
therapeutic human plasma) was diluted with water for

injection 10 times and autoclaved at 121°C for 20

- 12 -
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minutes.

(6) Sodium deoxycholate (DOC) solution
DOC (mfd. by Wako Pure Chemical Industries,
Ltd., for biochemistry) was dissolved in water for
injection to prepare a 1% solution. The 1% solution was

autoclaved at 121°C for 20 minutes, followed by dilution
to 0.01%.

(7) Sodium dodecylsulfate (SDS) solution
SDS (mfd. by Wako Pure Chemical Industries,
Ltd., for biochemistry) was dissolved in water for injec-
tion to prepare a 1% solution. The 1% solution was auto-
claved at 121°C for 20 minutes, followed by dilution to
0.01%.
The reagents (3) to (7) were used after

confirmation of no detectable endotoxin.

[ Procedures]

After cleaning a Minisarts NML with 2 ml of 1%

HSA solution and 20 ml of water for injectioh, 5 ml of
endotoxin solution (1.0 EU/m¢) was filtered. Then, using
water for injection, filtration was carried out until no

endotoxin was detected in the filtrate. Then, using each

{

3 ml of the HSA solution, the NaC¢ solution, the

Plasmanate solution, the DOC solution, or the SDS solu-
tion, as an extracting solution, filtration was carried
out. The endotoxin concentration in each filtrate of

extracting solution was measured in the same manner as

described in Example 1.

- 13 -
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[Results]

The amount of endotoxin in each filtrate of
extracting solution was shown in Table 1. As is clear
from Table 1, endotoxin is detected in all the filtrates
of extracting solutions, but the detected amount of
endotoxin is particularly large in the HSA solution and
the Plasmanate solution.

From the results mentioned above, it is clear
that the HSA solution and the Plasmanate solution belong-
ing to the present‘invention are particularly excellent
in extracting ability among various endotoxin extracting

solutions.

Table 1

Endotoxin concentration
(%)*

68.7
16.8
39.5
11.1
18.4

Extracting solution

HSA solution
NaC?¢ solution
Plasmanate solution
DOC solution
SDS solution

Note) * The amount of endotoxin adhered to or
"adsorbed on the filter (a value obtained
by subtracting the endotoxin amount in the
endotoxin solution after filtration from
the endotoxin amount in the endotoxin
solution after filtration) was taken as
100% for the calculation.

Example 3
[Reagents]
(1) Endotoxin solution
The same as that used in Example 1.

- 14 -
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(2) AL solution
The same as that used in Example 1.
(3) HSA solution

2% solution of HSA prepared in the same manner

as described in Example 1.
[ Procedures]

Sterile serum tubes made from polypropylene
(mfd. by Corning Glass Works, 2 ml in volume) in number
of ten, were charged with 1.0 ml of water for injection,
respectively. After shaking, 0.2 ml of the solution was
taken out for use as an extracted sample using water for
injection as an extracting solution. To each serum tube,
0.8 ml of 2% HSA solution was added and shaked to give an
extracted sample using 1% HSA solution. The endotoxin
concentration in each extracted sample was measured in
the same manner as described in Example 1.

[Results]

The endotoxin amount in each extracted sample
was shown in Table 2.

As i1s clear from Table 2, endotoxin is not
extracted wit@ the water for injection, or even if
extracted in a small amount, but when the HSA solution is
used, endotoxin is extracted in a considerably large

amount.

- 15 -
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Table 2

Extracted sample

Sexrum

tube No. Water for injection HSA solution

(EU/ml) (EU/ml)
Not detected Not detected
Not detected 0.015

0.004 0.013
Not detected 0.005

0.003
Not detected

0.027

0.073

0.004
Not detected

0.010
0.006
Not detected
Not detected

-
o

1 Example 4
[ Reagents ]
(1) Endotoxin solution
The same as that used in Example 1.
5 (2) AL solution
The same as that used in Example 1.
(3) HSA solution
The same as that used in Example 2
[ Procedures]
10 To a glass test tube containing 6 disposable
needles (mfd. by Japan Medical Supply Co., size 22 G), 10
ml of endotoxin solution (0.1 EU/ml) and 10 ml of 1% HSA
solution containing 0.1 EU/ml and endotoxin were added
and mixed to measure the endotoxin amounts in individual

15 solutions in the same manner as described in Example 1.

- 16 -
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1 As negative controls, those containing no
disposable needles were measured, respectively. Taking
the resulting value as 100%, the recovery of endotoxin in
the case of placing the disposable needles was obtained.

S [Results]

The recovery of endotoxin in each solution is
shown in Table 3. When the HSA solution was not coO-
present, the recovery of endotoxin was lowered to as
large as 10% by the presence of the disposable needles.

10 But when the HSA solution was co-present, almost no
influence of the disposable needles was admitted.

As is clear from the above results, the HSA
solution is effective for extracting endotoxin from

disposable needles.

Table 3

HSA solution containing
endotoxin

Aqueous solution of
endotoxin

f

Recovery of endotoxin

(%)

15 Example 5
[ Reagents|]
(1) Endotoxin solution
The same as that used in Example 1.
(2) AL solution
20 A Limulus amoebocyte lysate (mfd. by Wako Pure

Chemical Industries, Ltd., labeled sensitivity: 0.25

- 17 -
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1 EU/ml, for 5 ml) was reconstituted with 5 ml of buffer

solution for reconstitution of Limulus ES Test wako (mfd.
by Wako Pure Chemical Industries, Ltd.), and used as an
AL solution.

5 (3) Globulin solution

Human immunoglobulin for injection (y-globulin-
NICHIYAKU, Co., containing 15% IgG) was diluted to 0.5%
and heated at 65°C for 20 minutes. The immunoglobulin

for injection was selected from a lot free from

10 detectable endotoxin.

[Procedures ]

Endotoxin was adhered to or adsorbed on a
Minisarts NML in the same manner as described in Example

1. After filtering water for injection until no

15 endotoxin was detected in the resulting filtrate, 5 ml of
0.5% globulin solution was filtered. The endotoxin
amount in the filtrate was measured using a Toxinometer

. ET-201 (mfd. by Wako Pure Chemical Industries, Ltd.) in

the same manner as described in Example 1.

20 [Results]

The endotoxin concentrations of globulin

filtrates are shown in Table 4.

As is clear from Table 4, some endotoxin
adhered to or adsorbed on the Minisarts is not extracted

26 with water for injection, but 1s extracted with the

globulin solution. Thus, the globulin solution is

effective for extracting endotoxin.

- 18 -
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Table 4

Fndotoxin concentration

Minisarts No. in globulin filtrate
(EU/ml)

1 Example 6

[ Reagents ]
(1) Endotoxin solution

The same as that used in Example 1

5 (2) AL solution
A Limulus amoebocyte lysate (mfd. by Wako Pure

Chemical Industries, Ltd., gelation sensitivitys: 0.06

an AL solution.

10 (3) HSA solution
25% HSA solution (mfd. by Cutter Biological,

for injection) was diluted with water for injection to 1%

and autoclaved at 121°C for 20 minutes. The solution was

confirmed not to contain any detectable endotoxin before

15 use.

(4) Fetal bovine serum

Fetal bovine serum (mfd. by Whittaker

Bioproduct, Inc.) in an amount of 50 ml was diluted with

water 10 times, and heated at 100°C for 10 minutes on a

20 water bath.

- 19 -
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(5) Human plasma

Human pooled plasma was diluted with water for
injection 10 times, and heated at 100°C for 10 minutes on
a water bath.

(6) Globulin solution

y-Globulin (bovine cohn fraction 11,111) in an
amount of 5 g was adjusted to 0.2%, autoclaved at 120°C
for 20 minutes, and diluted with endotoxin-free water to
0.1%.

[ Procedures )

Each disposable sterile polypropylene tubes
(Fakon 2059) was spiked with 2.0 pé of endotoxin solution
(25 EU/ml containing 6.25% ethanol) and dried overnight
(15 hours) at room temperature. The tubes were used as
the endotoxin challenged tubes.

Test samples (HSA solution, fetal bovine serum
solution, human plasma solution, globulin solution) were
diluted to suitable concentrations, and added to the
endotoxin challenged tubes in an amount of 1 ml each to
conduct extraction for 1 hour with frequent stirring.

The endotoxin concentration in each extracting solution
was measured in the same manner as described in Example
1.

[Results]

Endotoxin recovery in each solution is shown 1in
Table 5.

As is clear from Table 5, when the protein

concentration is made the same (1.20 mg/ml), the recovery

- 20 -
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(%) of endotoxin is 109%, 71% and 57%, respectively, in
the case of using 0.1% HSA solution, 32.5 times-diluted
fetal bovine serum albumin and 60.8 times-diluted human
plasma in this order. This shows that the 0.1% HSA
solution. is the most effective for extracting endotoxin
at this protein concentration. Further, in the case of
making the albumin content the same (1.20 mg/ml), the
0.1% HSA solution, 22.8 times-diluted fetal bovine serum
albumin and 42.6 times~diluted human blood plasma show
the endotoxin recovery of 109%, 59% and 54%, respec-
tively. This means that the bovine serum and the human
blood plasma show lower values than the HSA solution at
this albumin concentration. In addition, in the case of
comparison of the HSA solution with the globulin
solution, the endotoxin recovery is 106% when 0.0096% HSA
solution (protein concentration: 0.115 mg/ml) is used,
while the endotoxin recovery is 51% when 0.1% globulin
solution (protein concentration: 0.115 mg/ml) is used.
This alsb shows that the HSA solution is more effective

than the globulin solution at this protein concentration.

- 21 -
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Table 5

'} Albumin
concentra-

tion

Endotoxin
recovery

Protein
concentra-
tion

Extracting

solution

(2)
(mean of 5
replicate)

-

(mg/ml)

(mg/ml)

Endotoxin-free
water

0.0096Z HSA soln. 0 115
0 1Z HSA soln. 1.20

W
®

0.115 106
109

1.20

59

22.8 times-diluted
fetal bovine serum
32.5 times-diluted
fetal bovine serum
42.6 times-diluted
human blood plasma

n
£

60.8 times-diluted
human blood plasma

2 globulin soln.

¥y
~J

n

1 Example 7
Concentrations of HSA solutions
[Reagents]
(1) Endotoxin solution
5 The same as that used in Example 1
(2) AL solution
The 'same as that used in Example 6
(3) HSA solution
The 25% HSA solution (mfd. by Cutter
10 Biological, for injection) was diluted with distilled
water for injection to 1% and autoclaved at 121°C for 20
minutes. The solution was confirmed not to contain any

detectable endotoxin before use. Then, the resulting

- 29 -
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1l solution was diluted with endotoxin-free water.
[ Procedures]
The same as Example 6.
[Results)
5 Table 6 shows endotoxin recovery by the HSA
solutions having a variety of concentrations.
As is clear from Table 6, the HSA solution is
effective for extracting endotoxin even in a concentra-

tion of as low as about 0.0001%. On the other hand, with
10 an increase of the HSA concentration, the endotoxin

recovery seems to be lowered at a sight. But, this is
caused by the above-mentioned inhibition of the HSA
solution having a higher protein concentration at the
measurement of endotoxin by the Limulus test. This does

15 not mean that the extracting ability is lowered.
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Table 6

Endotoxin
recovery (%)

(mean of 5
replicate)

Protein

Extracting solution

(mg/ml)

Endotoxin-free water | -
0.024

0.0078% HSA solution | 0.094
0.5% HSA solution | 6.00

1
1
1
1

47
70
08
05
7
5
7
2
4

0
0
9
7
5

1 Example 8
Concentration of human plasma solution
[Reagents ]
(1) Endotoxin solution
5 The same as that used in Example 1.
(2) AL solution
The same as that used in Example 6
(3) Human plasma solution
Human pooled plasma was diluted with endotoxin-
10 free water 10 times, heat treated at 100°C for 10 minutes

on a water bath, and diluted with endotoxin-free water.
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1 [ Procedures)

The same as Example 6.
[Results]

Table 7 shows endotoxin recovery by the human

5> plasma solutions having a variety of concentrations.

As 1is clear from Table 7, the human plasma
solution is the most effective for extracting endotoxin
at the concentration obtained by dilution of 320 times.
With a decrease of the concentration, the endotoxin

10 extracting ability is lowered gradually. Since the
inhibition also takes place in the case of the human
plasma solution having the higher protein concentration
at the measurement of endotoxin in the extract, the
recovery value is lowered as shown in Table 7. But this

15 does not mean the lowering of extracting ability of

endotoxin.
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Table 7

Endotoxin
recovery (%)

Protein

Extracting solution (mg/ml) (Mean of

B quadraplicate)
_Endotoxin-free water | - 39
Human plasma 0.008 0

solution (dilution)
10240 times

5960 times 0.015 _
2560 times 0.031

1280 times _0.062

640 times 0.123

_0.123
320 times
160 times
80 times
40 times IIIEIEHEIIII
20 times IIIEIEEIIIII
10 times 30

v
74
8
87
8
4

0
2
1
2

1 As mentioned above, according to the present
.invention, endotoxin adhered to or adsorbed on surfaces
of solids such as containers, devices, etc., can
effectively extracted. Further, according to the present

5 invention, the endotoxin which is difficultly or hardly

extracted by conventional extracting methods, can easily

and effectively extracted.
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WHAT IS CLAIMED IS:

1. A process for extracting endotoxin adhered to
or adsorbed on a surface of a solid, which comprises
contacting the solid with a solution comprising at least

one of albumin and globﬁlin.

2. A process according to Claim 1, wherein the

solution comprises albumin.

3. A process according to Claim 2, wherein the
albumin is human serum albumin.

4, ‘ Abprocesé according to Claim 3, wherein the
human serum albumin is contained in an amount of 0.0001
to 0.5% w/v.

S. A process according to Claim 2, wherein the
solution comprising albumin is a plasma solution Or serum
solution.

6. A solution for extracting endotoxin adhered to

or adsorbed on a surface of a solid, which comprises at

least one of albumin and globulin, in a concentration of

0.0001 to 6mg/ml in terms of protein concentration.

7. A solution according to Claim 6, which contains
albumin.
8. A solution according to Claim 7, wherein the

albumin is human serum albumin.

9. A solution according to Claim 8, wherein the
human serum albumin is contained in ah amount of (0.0001
to 0.5% w/v.

10. A solution according to Claim 7, wherein the
solution containing albumin is a plasma solution or a

serum solution.
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11. A process for cleaning containers or devices
contaminated with endotoxin, which comprises rinsing the
containers or deﬁices using a solution comprising at .
least one of albumin and globulin.

12. . A process according to Claim 11, wherein the
solution contains albumin.

13. A process according to Claim 12, wherein the
albumin 1s human serum albumin.

14. A process according to Claim 13, wherein the
human serum albumin 1s used in an amount of 0.0001 to
0.5% w/v.

15. A process according to Claim 12, wherein the
solution containing albumin is plasma or serum.

16. A cleaning agent for cleaning containers or
devices contaminated with endotoxin, which comprises at

least one of albumin and globulin, in a concentration of

0.0001 to 6mg/ml in terms of protein concentration.

17. A cleaning agent according to Claim 16, which

is a solution containing albumin.

18. A cleaning agent according to Claim 17, wherein

the albumin is human serum albumin.

19. A.cleaning agent accordihg to Claim 18, wherein

the human serum albumin is used in an amount of 0.0001 to

0.5% w/v.

20. A cleaning agent'according to Claim 17, wherein

the solution containing albumin is plasma or serum.
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