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Claim

A process for preparing clear sera which are stable over a long period

and which are used in diagnostics, wherein a quantity of at least one compound
of the formula (1)

C

H,
/" Newo

(CHy), '
NH

\CH/

Formula (1)

in which n is O - 8, preferably 1 - 4,

which is sufficient to prevent and/or eliminate turbidity (and/or flocculation) is
added to the sera.
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The following statement is a full description of this invention, including the
best method of performing it known to us  :-
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Process for preparing clear sera which are stable over a
long period

The present invention relates to a process for preparing
clear sera which are stable over a long period and also
to their use in diagnostics.

Owing to their high degree of specificity, their sensiti-
vity and their rapidity, increasing use is being made of
immunological methods of diagnosis. Of these methods, the
precipitation methods for quantitatively determining
serum proteins (radial immunodiffusion, nephelometry and
turbidimetry) play a particularly important role. Because
of their high degree of precision, their rapidity and
their ability to be automated, nephelometric and turbidi-
metric determination methods have for some years now
increasingly gained access to medical investigation
laboratories. These methods make use of the property of
antigens and/or antibodies of forming immune complexes
with the corresponding partner in an immunochemical
reaction. The formation of antigen/antibody complexes
which begins once the two partners have been mixed can

then, for example, be measured photometrically.

The quantitative determination of the serum proteins
provides important clues for diagnosis and for assessing
the course of diseases.

Very high demands are placed on the antisera which are
used for diagnostics, for example in relation to serum
proteins. Besides possessing a high concentration of
specific antibodies ’
they must also possess a high degree of stability at
different temperatures and a high degree of translucency.
This also applies to standard sera and control sera. All
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these sgera are collectively designated "sera" in that
which follows.

A difficulty which arises when preparing such sera is
that they contain labile components which have to be
removed as far as possible during the preparation, as
turbidities and flocculations can otherwise develop which
then have to be filtered off or centrifuged down before
using the sera.

Various methods have hitherto been proposed for removing
turbidities in serum samples, but these methods are only
of limited value, particularly in the case of animal

antisera.

Thus, a process is described in Clin. Chem. 29, 120 - 125
(1983), for example, in which serum turbidities are
removed by means of extracting by shaking with a mixture
of organic solvents. This method requires an additional
procedural step in which, particularly in the case of
strongly lipaemic sera, inter alia, uncontrollable
changes in the volume of the sample material can addi-
tionally take place, resulting in falsification of the
measurement results. Finally, when this process is used
it is also no 1longer possible to determine serum
constituents which are removed wholly or in part during
the extraction.

A further problem is the disposal of the extracting
agent, particularly when this is a halohydrocarbon.

A series of selectively binding adsorbents, whose common
feature is a hydrophilic matrix to which phenyl groups or
alkyl groups are bonded, have also been employed for
adsorbing the lipoproteins. Lipoprotein-binding adsor-
bents based on silicon dioxide, which are available
commercially, for example under the name Aerosil®, have
also been described.
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EP 0 137 221 describes the removal of lipoproteins with
the aid of polyhydroxymethylene. Polyanions such as
dextran sulfate or heparin can also be used for precipi-
tating in the presence of cations (Mg?* and Mn2*). A
disadvantage is that, for most applications, quantities
of polyanions and metal ions remaining in the supernatant

must be removed.

EP 0 294 714 describes the use of approximately 0.3 % by
weight of polyvinylpyrrolidone for preventing lyophilized
control s8sera from clouding once they have been

redissolved.

DE-A-28 29 531 uses a cationic surfactant for preventing
interference in the immunochemical determination of a

serum protein.

In EP 0 130 537, surface-active agents which are composed
of a polyethoxylated triglyceride and n-alkanesulfonate,
and also, where appropriate, a non-ionic or anionic
surfactant, are added to a biological fluid (e.g.serum)
turbidities.

While the processes described can effect a certain
remedial action, when carrying out photometric analyses,
in the case of turbidities which have been elicited by
chylomicrons and VLDL (very low density lipoprotein), it
has been found that turbidities and flocculations develop
time and again, particularly during storage for rela-
tively long perioéa (z 1 year).

These turbidities can be caused by a very wide variety of
factors, and it is evident that only some are caused by
lipids and lipoproteins. Additional causes could, for

example, be the immune complexes which arose during the
immunization.

It was, therefore, the object of the invention to find a
simple process and/or agent for preparing clear sera, in

to remove
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particular for the immunochemical determination of protein, which are stable
over a long period.

It has been found, surprisingly, that the known disadvantages can be
overcome if the sera [lacuna) with a compound of the formula (I)

C

H,
N

(CHy), |
NH

\CH/

nis 0 - 8, preferably nis 1 to 4.

Formula (1)

These compounds, which are know per se to the person skilled in the an,
belong to the cyclic carboxamides and are notable for a high dipole moment
and very good dissolution properties. Butyrolactam (pyrrolidone), valerolactam
and caprolactam are preferred representatives ot this class of compounds.

This invention consequently relates to a process for preparing clear sera
which are stable over a long period and which are used in diagnostics, a
quantity of compound of the formula (I) which is sufficient to prevent and/or
eliminate a turbidity being added to the sera.

The compounds may be used on their own or in combinations. The
combination of butyrolactam/caprolactam is particularly advantageous.

The compounds according to the invention are preferably used in
concentrations of 0.2 - 30% by weight, preferably 1 - 10% by weight, particularly
preferably of 1.5 - 3% by weight.

It can also be expedient to firstly dissolve the

At
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compounds according to the invention in a suitable
agqueous solution and then add them to the sera. Such
aqueous solutions are known per se to the person skilled
in the art; examples of suitable solutions are an iso-
tonic solution of 8odium chloride or a 0.15 molar
glycine/NaCl buffer solution, pH 7.2 to pH 10, preferably
about pH 8.0. Tris,

acetate buffer solutions are also suitable.

phosphate, borate/imidazole or

Within the meaning of the invention, sera are also
fractions which result during the purification of sera,

in particular gamma globulin fractions as well.

The compounds according to the invention are particularly
suitable for stabilizing animal antisera against human
proteins, such as,
rabbits),

human IgM (from goats), anti-human albumin (from sheep),

for example, anti-human IgG (from

anti-o,-macroglobulin (from rabbits), anti-
anti-o;-antitrypsin (from rabbits), anti-human apolipo-
protein A-1 (from rabbits) or anti-human apolipoprotein
B (from rabbits), or for standard sera and control sera
of human origin which can

contain, for example,

rheumatoid factors and/or immune complexes.

The compounds according to the invention are preferably
added to what is to a large extent a native antiserum in
such a quantity that the concentration amounts to 0.2 -
30 % by weight. Other known stabilizing substances, such
as, for example, socdium azide or antibiotics, can also be
added in addition. Once the compounds according to the
invention have been added, the s8erum is preferably
sterilized by filtration and then bottled under sterile
conditions.

This invention furthermore relates to a serum for use in
diagnostics, which serum contains a quantity of one or
more compounda of the formula (I) which is effective in
preventing and/or eliminating turbidities.

P
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This invention also relates to the use of the sera
according to the invention as standard sera and/or
control sera in a diagnostic method. It is advantageous
to use the sera according to the invention in diagnostic
methods, such as, for example, radial immunodiffusion,
nephelometry and turbidimetry, which are based on the
principle of immunoprecipitation.

As is evident, inter alia, from the figure, the reagent
without the supplement according to the invention
exhibits a high blank value immediately after bottling,
which value increases gtill further during the course of
storage, whereas the reagent with the supplement accor-
ding to the invention is c¢lear and exhibits only a
trivial rise in the blank value. The supplement according
to the invention is also found to have a certain stabi-

lizing effect, as can be gathered from Tab. 1.

Either a transmitted light signal or a scattered light
signal can be used as the measure of turbidity. The
turbidity in the reagent according to the invention
preferably increases by less than 50 % during a storage
period of 12 months. A serum is termed optically clear
which, for example, under the conditions used in the
examples, exhibits a scattered light signal of less than
1000, preferably less than 600 and particularly pre-
ferably less than 300 mV.

Within the meaning of the invention, stable over a long
period means tnat the serum remains optically clear over
a period of 12 months, preferably 24 months, during
storage at, advantageously, 2 - 8°C.

The following examples illustrate the invention but in no
way limit it.

Example 1

'a) 1.5 % by volume of 2-pyrrolidone (y-butyrolactam)
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and 0.285 g of sodium azide were added to 300 ml of
antiserum against human apolipoprotein A-I (from
rabbits), and the antiserum was then sterilized by
filtration. Following filter sterilization, the
antiserum was bottled in 5 ml volumes under sterile
conditions. The course of the standard curve did not
alter after storage of the antiserum at from +2 to
+8°C over periods of 7, 16 and 24 months. All the

bottled antiserum samples were clear.

300 ml of antiserum against human apolipoprotein A-1I
(from rabbits), but without 2-pyrrolidone (y-butyro-
lactam), were sterilized by filtration as described
under Example la), bottled and stored at from +2 to
+8°C. The antiserum exhibited turbidity in all the
bottles after only 7 months, and a nephelometric
determination of apolipoprotein A-I was not possible
without prior filtration.

The sera were tested by subjecting a standard series to
nephelometric measurement. Por this purpose, a standard
serum was employed which contained 1,620 mg/l apolipo-
protein A-I; the standard series was diluted from 1 : 5
tol : 160 using automated equipment, i.e. concentrations
of from 324 to 10 mg/l were obtained. 10 ul of standard
dilution together with 40 ul of antiserum against human

apolipoprotein A-I were employed for the measurement.
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Tab. 1

Standard
dilution

Scattered light signal (Bit)

after bottling

after 16 months

after 24 months

without
supplement

with
supplement

without
supplement

- after
filtration

with
gupplement
- without
filtration

without
gupplement

- atter
€iltration

with
supplement
- without
filtration

1,589

1,560

1,475

1,377

1,452

1,502

10

1,074

1,087

1,098

1,096

982

1,036

20

593

589

622

623

546

571

287

279

274

304

260

272

N PPl FY
. w | o

80

129

119

92

126

104

114

1 : 160

52

42

¥

49

a2

46

Value
without
added
serum

13

-1

11

AS blank
value
oV

opt.
conter.

2,750
turbidity

160

clear

3,700

turbidity

280

clear

4,700

turbidity

270

clear

Example 2

a)

25

30

b)

35

3.0 % by volume of 2-pyrrolidone (y-butyrolactam)
and 0.475 g of sodium azide were added to 500 ml of
antiserum against human IgG (from rabbits), and the
antiserum was then sterilized by filtration. Follow-
ing filter sterilization, the antiserum was bottled
in 5 ml volumes under sterile conditions. The course
of the standard curve did not alter £following
storage of the antiserum at from +2 to +8°C over a
period of 28 months. All the bottled antiserum

samples were clear.

500 ml of antiserum against human IgG (from rab-
bits), but without 2-pyrrolidone (y-butyrolactam),
were sterilized by filtration as described under
Example 2a), bottled and stored at from 42 to +8°C,
After 2 years, the antiserum exhibited turbidity and
flocculations in all the bottles and was no longer
suitable for the nephelometric determination of IgG
without being filtered once again.
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The sera were examined by a standard series being sub-
jected to nephelometric measurement. For this purpose, a
standard serum containing 12,000 mg/l IgG was employed;
80 to 1 : 2,560
concentrations of from
150 to 4.6 mg/l were obtained. 100 xl of standard dilu-
tion together with 40 ul of antiserum against human IgG

the standard series was diluted from 1 :

using automated equipment, i.e.

were employed for the measurement.

Tab. 2
Scattered light signal (Bit)
Standard after bottling after 24 months
dilution
without with without supplement - | with supplement -
supplement | aupplement after filtration without filtration
1 80 1,122 1,113 1,071 1,105
1 160 802 774 782 758
1 320 520 506 511 478
1: 640 300 283 295 260
1 : 1,280 146 129 130 126
1 : 2,560 64 54 47 52
Value without
added serum 0 2 ‘ o
- 0 2 1 3
- -1 a k) 0
AS blank value
-\ 600 270 1,600 340
opt. contr. clear cleax turbidity clear

Example 3

a) 1.5 % by volume of 2-pyrrolidone (y-butyrolactam)
and 0.095 g of sodium azide were added to 100 ml of
antiserum against human «,-antitrypsin (from rab-
bits), and the antiserum was sterilized by filtra-
tion. Following filter sterilization, the antiserum~
was bottled in 5 ml volumes under sterile condi-
tions. The course of the standard curve did not
alter after storage of the antiserum at from +2 to
+8°C over a period of 1 month. All the bottled
antiserum samples were clear.
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b) 100 ml of antiserum against human a,-antitrypsin
(from rabbits), but without 2-pyrrolidone (y-butyro-
lactam), were sterilized by filtration as deacribed
under Example 3a), bottled and stored at from +2 to
+8°C. The antigerum exhibited turbidity and floccu-
lations in all the bottles after only 1 month. It
was only suitable for the nephelometric determi-

nation of o;-antitrypsin after renewed filtrationm.

The sera were examined by subjecting a standard series to
nephelometric measurement. For this purpose, a standard
serum was employed containing 1,650 mg/l «,-antitrypsin;
5 to 1 : 160
concentrations of from
330 to 10.3 mg/l were obtained. 20 ul of standard dilu-
tion together with 40 ul of antiserum against human

the standard series was diluted from 1 :

using automated equipment, i.e.

@, -antitrypsin were employed for the measurement.

Tab. 3
Scattered light sigmal (Bit)
Standard after bottling after 1 month
dilution
without with witbhout supplement - | with supplement -
supplement | supplement after filtration without filtration
1 5 1,490 1,410 1,416 1,456
1: 10 993 983 957 981
1 20 608 591 §01 598
1 40 306 318 321 297
1: 80 133 130 134 130
1 : 160 48 45 57 46
Valuea without
sded 0 4] 10 1
- 0 0 12 1
. 0 0 1 1
AS blank value
av 160 120 5,430 250
Bit 7 16 412 13
opt. contr. clear clear turbidity clear
Example 4

a) 1.5 % by volume of 2-pyrrolidone (y-butyrolactam)

and 0.095 g of sodium azide were added to 100 ml of

antiserum against human o,-antitrypsin (from
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rabbits), and the antiserum was sterilized by
filtration. Following €£ilter sterilization, the
antiserum was bottled in 5 ml volumes under sterile
conditions. The course of the standard curve did not
alter after storage of the antiserum at from +2 to
+8°C over a period of 6 months. All the bottled
antiserum samples were clear.

100 ml of antiserum against human o,-antitrypsin
(from rabbits), but without 2-pyrrolidone (y-butyro-
lactam), were sterilized by filtration as described
under Example 4a), bottled and stored at from +2 to
+8°C. The antiserum exhibited turbidity and floccu-
lations in all the bottles after only 6 months. The
standard curve could not be used for the «,-anti-
trypsin determination.

The sera were examined by subjecting a standard series to.

nephelometric measurement. For this purpose, a standard

serum was employed containing 2,000 mg/l a,-antitrypsin;
the standard series was diluted from 1 : 5 to 1 : 160

using automated equipment, i.e. concentrations of from
400 to 12.5 mg/l were obtained. 20 pul of standard dilu-

tion together with 40 ul of antiserum against human «,-
antitrypsin were employed for the measurement.
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Tab. 4
Scattered light signal (Bit)
Standard after bottling after 6 months
dilution
without with without supplement - | with supplenment -
supplement | supplement after filtration without filtration
1 5 1,670 1,705 1,685 1,806
1 10 1,264 1,276 1,214 1,350
1 20 841 855 817 887
1: 40 474 507 Y47 513
1 80 241 255 232 279
1 : 160 113 126 125 128
Valus without
1ded 0 2 §7 14
. 3 (1 48 9
. 2 81l e 47 11
AS blank value
b \'A 60 100 11,140 280
opt. contr. clear clear turbidity clear
Example 5

1.5 % of 6-valerclactam and 0.095 g of sodium azide were
added to 100 ml of antiserum against human o, -antitrypsin
(from rabbits), and the antiserum was sterilized by
filtration, bottled and stored at from +2 to +8°C. After
6 months without the addition of the agent according to
the invention, the antiserum exhibited massive floccula-
tions, whereas the preparation containing added §-valero-
lactam (prepared in accordance with the invention) was
completely clear and without flocculations or turbidity.

Example 6

a) 1.5 % by volume of 2-pyrrolidone (y-butyrolactam)
and 0.095 g of sodium azide were added to 100 ml of
antiserum against human prealbumin (from rabbits),
and the antiserum was saterilized by filtration.
Following filter sterilization, the antiserum was
bottled in 2 ml volumes under sterile conditions.
The course of the standard curve did not alter after
storage of the antiserum at from +2 to +8°C over a
period of 1 month. All the bottled samples were
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completely clear and without flocculations.

b) 100 ml of aﬁtiserum against human prealbumin (from
rabbits), but without 2-pyrrolidone (y-butyrolac-
tam), were sterilized by filtration as described
under Example 6a), bottled and stored at from +2 to
+8°C. The antiserum exhibited substantial turbidity
in all the bottles after only 1 month. It was only
possible to use the antiserum for determining pre-
albumin once the flocculations had been removed by
filtration.

The sera were examined by subjecting a standard series to
nephelometric measurement. For this purpose, a standard
serum was employed containing 310 mg/l prealbumin; the
standard series was diluted from 1 : 2.5 to 1 : 80 using
automatic equipment, i.e. concentrations of from 124 to
3.9 mg/l were obtained. 50 ul of atandard dilution
together with 40 ul of antiserum against human prealbumin

were employed for the measurement.

Tab . 5
Scattered light signal (Bit)
Standard after bottling after 2 months
dilution
without with without supplement - | with supplement -
supplement | supplement after filtration without filtration
1 2.8 1,283 1,257 1,278 1,278
1: 8§ 995 970 978 975
1: 10 620 612 612 615
1: 20 339 332 347 335
11 40 183 167 189 168
1: 80 84 71 9S 78
Value without
added 0 3 10 0
. -1 0 12 1
. 2 1 9 3
A8 blank value

av 120 150 2,810 200
Bit 16 S 389 6
opt. contr. clear clear turbidity clear
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Example 7

a) 3.0 % by volume of 2-pyrrolidone (y-butyrolactam)
and 0.475 g of sodium azide were added to 500 ml of
antiserum against human apolipoprotein B (from
rabbits), and the antiserum was sterilized by
filtration. After bottling in 5 ml volumes, the
samples were stored at from +2 to +8°C. The samples
exhibited neither turbidity nor flocculation after
3 years.

b) 45.3 g of sodium azide were added to 47 710 ml of

' antiserum against human apolipoprotein B (from rab-
bits), and the antiserum was sterilized by filtra-
tion and bottled in 5 ml volumes. The bottled
samples, which were stored at from +2 to +8°C,
exhibited turbidity and flocculations after
30 months.

Example 8

Preparation of a control serum (human) for rheumatoid

factors, anti-streptolysin O and CRP

50 ml samples of rheumatoid factor-positive serum (human)
from each of 4 different donors were mixed. 19 ml of this
serum pool, having a content of 674 IU/ml RF, were
diluted with 81 ml of an isotonic solution of sodium
chloride and 100 ml of a 1.8 % solution of human y-
globulin having a content of approximately 1,800 IU/ml
ASL (purity, at least 95 %). 10 mg/ml of CRP, 0.2 g of
sodium azide, 5 ml of butyrolactam and 0.4 g of benz-
amidinium chloride were then added. Following filter
sterilization and bottling, samples were stored at from
+2 to +8°C, at room temperature and at +37°C.

Without the addition of butyrolactam, the control serum
exhibited flocculation after only 2 weeks, whereas the
bottled samples to which butyrolactam had been added in
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accordance with the invention were completely clear and
without flocculations after 6 months.

Example 9

a) 3.0 % by volume of 2-pyrrolidone (y-butyrolactam)
and 0.475 g of sodium azide were added to 500 ml of
antiserum against human o,-macroglobulin (from
rabbits), and the antiserum was sterilized by
filtration. After bottling in 5 ml volumes, the
bottles were gtored at from +2 to +8°C. The bottled
samples are completely clear after 2, 5, 17 and
26 months.

b) 0.475 g of sodium azide was added to 500 ml of
antigerum against human «,-macroglobulin (from rab-
bits), and the antiserum was sterilized by filtra-
tion. The bottled samples, which were stored as in
Example 7a), exhibited turbidity and flocculations
only 9 weeks after filter sterilization and
bottling.

The sera were examined by subjecting a standard series to
nephelometric measurement., For this purpose, a standard
serum was employed containing 1,790 mg/l a,-macroglobu-
lin; the standard series was diluted from 1 : 5 to
1 : 160 using automated equipment, i.e. concentrations of
from 358 to 11.2 mg/l were obtained. 20 ul of standard
dilution together with 40 ul of antiserum against human
a,-macroglobulin were employed for the measurement.

'\
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Tab. 6
Scattered light signal (Bit)
after bottling atter 6 months after 18 months
Standard
dllution without with without with without with
supplement | supplement | supplenment | supplenent | supplement | supplezent
- after - without ~ after - without
filtration | filtration | filtration| filtration
1: 8§ 1,208 1,141 1,300 1,190 1,304 1,208
1: 10 739 687 844 772 836 733
1 : 20 421 3713 446 421 488 419
1: 40 198 172 230 196 248 186
1: 80 95 75 91 86 111 85
1 : 160 47 31 45 38 38 33
Value
without
added 6 1 1 -6 7 1
serum
. S 0 1 7 0 0
. 16 0 2 4 0 0
AS blank
value
oV 1,400 140 7.460 170 3,860 130
90 27
opt.
contr. clear clear | turbidity claax | turbidity clear
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1, A process for preparing clear sera which are stable over a long period
and which are used in diagnostics, wherein a quantity of at least one compound
of the formula (I)

C

H,
N

CHp)y |
NH

\CH/

inwhich nis 0 - 8, preferably 1 - 4,

Formula (1)

which is sufficient to prevent and/or eliminate turbidity (and/or flocculation) is
added to the sera.

2. The process as claimed in claim 1, wherein compounds of the formula (I)

are added to the sera in such quantities that the concentration of these
compounds in the serum is from 0.2 to 30% by weight.

3. The process as claimed in claims 1 and 2, wherein the compound of the
formula (I) is butyrolactam.

4. The process as claimed in claims 1 to 3, wherein a mixture composed of
at least 2 of the compounds of the formula (I) is added.

5.  The process as claimed in claim 4, wherein butyrolactam and
caprolactam are added.

6.  The process as claimed in at least one of claims 1 to 5, wherein the
serum is an antiserum.

7. A serum for use in diagnostics, which serum contains a quantity of one or
more compounds of the formula (I) which is effective for preventing and/or
eliminating turbidity.
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8. The serum as claimed in claim 7, wherein the concentration of the
compounds of the formula (I) is 0.2 - 30% by weight.

9. The serum as claimed in claim 8, wherein the concentration is 1 - 10% by
weight.

10.  The process as claimed in at least one of claims 1 - 6, wherein additional
substances, known per se to the person skilled in the art, are added to the
serum.

11.  The use of the sera prepared according to any one of claims 1 -7 as a
standard serum and/or a control serum in a diagnostic method.

12. The use as claimed in claim 11, wherein the diagnostic method is
nephelometry or turbidimetry.

DATED this 13th day of November, 1998

DADE BEHRING MARBURG GMBH

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122

AUSTRALIA

KJS:DM doc 23 AUB177434.WPC
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Abstract of the disclosure:

Process for preparing clear sera which are stable over a

long period

The present invention relates to a process for preparing

clear sera which are stable over a long period and also

to their use in diagnostics.
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