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(57) ABSTRACT 

The present invention concerns a reagent composition for 
releasing vitamin D compounds bound to vitamin D-binding 
protein, a method for the detection of a 25-hydroxyvitamin D 
compound in which the 25-hydroxyvitamin D compound is 
released from Vitamin D-binding protein using this reagent 
and the mixture obtained in this manner is analyzed, the use of 
the reagent to release vitamin D compounds as well as a kit for 
detecting 25-hydroxyvitamin D which contains the reagent 
for releasing vitamin D compounds in addition to the usual 
immunological reagents. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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RELEASE REAGENT FOR VITAMIND 
COMPOUNDS 

RELATED APPLICATIONS 

0001. This application is a continuation of PCT/EP2006/ 
009361 filed Sep. 27, 2006 and claims priority to EP 
05021246.3 filed Sep. 29, 2005. 

FIELD OF THE INVENTION 

0002 The present invention concerns a reagent composi 
tion for releasing vitamin D compounds bound to Vitamin 
D-binding protein and a method for detecting a 25-hydrox 
yvitamin D compound in which the 25-hydroxyvitamin D 
compound is released from the Vitamin D-binding protein by 
the use of this reagent and the mixture obtained in this manner 
is analyzed. It also concerns the use of the reagent to release 
Vitamin D compounds as well as a kit for detecting 25-hy 
droxyvitamin D which contains the reagent for releasing Vita 
min D compounds in addition to common immunological 
reagents. 

BACKGROUND 

0003. An adequate supply of vitamin D is vital as the term 
“vitamin’ already Suggests. A deficiency of vitamin D leads 
to severe diseases such as rickets or osteoporosis. While vita 
min D was still regarded as a single Substance at the beginning 
of the last century, the vitamin D System has changed in the 
course of the last three decades into a complex and manifold 
network of vitamin D metabolites. Nowadays more than 40 
different vitamin D metabolic products are known (Zerwekh, 
J. E., Ann. Clin. Biochem. 41 (2004) 272-281). 
0004 Humans can only produce D vitamins or calciferols 
by the action of ultraviolet rays from sunlight on the skin. 
Vitamin D that is produced in the skin binds to the so-called 
vitamin D-binding protein which transports it into the liver 
where it is converted into 25-hydroxyvitamin D. by 25-hy 
droxylation. A multitude of other tissues are nowadays known 
to be involved invitamin D metabolism in addition to the skin 
and liver, the two organs that have already been mentioned 
(refer to Schmidt-Gayk, H. et al. (eds.), “Calcium regulating 
hormones, vitamin D metabolites and cyclic AMP. Springer 
Verlag, Heidelberg (1990) pp. 24-47). 25-Hydroxyvitamin D 
and more specifically 25-hydroxyvitamin D and 25-hydrox 
yvitamin D are the central storage form of vitamin D in the 
human organism with regard to their amounts. When needed 
these precursors can be converted in the kidneys to form the 
biologically active 1 C.25-dihydroxyvitamin D, the so-called 
D hormone. The biologically active vitamin D regulates 
among others calcium uptake from the intestine, bone min 
eralization, and it influences a large number of other meta 
bolic pathways Such as, e.g., the insulin system. 
0005 Measuring the vitamin D level itself is of little ben 
efit when determining the vitamin D status of a patient 
because concentrations of vitamin D (vitamin D and Vitamin 
D.) fluctuate greatly depending on food uptake. In addition, 
vitamin D has a relatively short biological half-life in the 
circulation (24 hours), and it is therefore also for this reason 
not a suitable parameter for determining the vitamin D status 
of a patient. The same also applies to physiologically active 
forms of vitamin D(1,25-dihydroxyvitamin D). These bio 
logically active forms also occur in relatively small and 
highly fluctuating concentrations compared to 25-hydroxyvi 
tamin D. For all these reasons, the quantification of 25-hy 
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droxyvitamin D in particular is a Suitable means to globally 
analyze the total vitamin D status of a patient. 
0006. The binding of 25-hydroxyvitamin D or other vita 
min D compounds to the vitamin D-binding protein enor 
mously complicates the determination of vitamin D com 
pounds. All known methods require that the vitamin D 
compound to be analyzed is released or detached from the 
complex that it forms with the binding protein. In the follow 
ing this is referred to as the release of a vitamin D compound 
from vitamin D-binding protein for the sake of simplification, 
although of course it can only be released from a complex of 
Vitamin D compound and vitamin D-binding protein and not 
from the vitamin D-binding protein alone. 
0007 Since the vitamin D-binding protein has a high ten 
dency to correctly refold, it is often necessary to firstly release 
Vitamin D compounds and then to separate the vitamin 
D-binding protein from the vitamin D compounds to be ana 
lyzed. 
0008. Due to the high clinical importance of 25-hydrox 
yvitamin D, a large number of methods are known from the 
literature which allow 25-hydroxyvitamin D to be more or 
less reliably determined. 
0009 Haddad, J. G. et al., J. Clin. Endocrinol. Metab. 33 
(1971) 992-995, and Eisman, J. A. et al., Anal. Biochem. 80 
(1977) 298–305, for example, describe the determination of 
25-hydroxyvitamin D concentrations in blood samples using 
high performance liquid chromatography (HPLC). 
0010. Other approaches for the determination of 25-hy 
droxyvitamin D are based, among others, on the use of vita 
min D-binding proteins like those that are present in milk. 
Thus Holick, M. F. and Ray, R. (U.S. Pat. No. 5,981,779) and 
DeLuca et al. (EP 0583.945) describe vitamin Dassays for 
hydroxyvitamin D and dihydroxyvitamin D which are based 
on the binding of these substances to vitamin D-binding pro 
tein where the concentrations of these substances are deter 
mined by means of a competitive test procedure. However, a 
prerequisite of this method is that vitamin D metabolites to be 
determined firstly have to be isolated from the original blood 
or serum samples and have to be purified by, for example, 
chromatography. 
(0011 Armbruster, F. P. et al. (WO99/67211) teach that a 
serum or plasma sample should be prepared for vitamin D 
determination by ethanol precipitation. In this method the 
protein precipitate is removed by centrifugation, and the etha 
nolic Supernatant contains soluble vitamin D metabolites. 
These can be measured in a competitive binding assay. 
(0012. Alternatively, EP 753,743 teaches that the proteins 
can be separated from blood or serum samples using a perio 
date salt. In this case, vitamin D compounds are determined in 
the protein-free supernatant from the samples treated with 
periodate. In some commercial tests, acetonitrile is recom 
mended for the extraction of serum or plasma sample (e.g., in 
the radioimmunoassay from DiaSorin or in the vitamin D test 
from the Immundiagnostik company). 
0013. In recent years a number of different release 
reagents were proposed which should in principle be suitable 
for releasing vitamin D compounds from binding protein 
present in the sample. However, this release or detachment 
should be carried out under relatively mild conditions, thus 
enabling a direct use of the sample treated with the release 
reagent in a binding test (see, for example, WO 02/57797 and 
US 2004/0132104). Despite immense efforts in recent years, 
all available methods for determining vitamin D have disad 
Vantages such as laborious sample preparation, poor stan 
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dardization, poor agreement between test procedures, or bad 
recovery of spiked vitamin D (see for this in particular Zer 
wekh, J. E., Supra). 
0014. It is particularly difficult to automate a test for a 
Vitamin D compound. The automation requires solving a very 
difficult problem, i.e., Surviving a tightrope walk. On the one 
hand it is necessary to release the vitamin D compounds from 
vitamin D-binding protein with the aid of a suitable release 
reagent; on the other hand, the conditions have to be selected 
such that the sample can be directly analyzed further. A pre 
requisite of this direct further analysis is that, on the one hand, 
the vitamin D-binding protein does not bind or no longer to a 
significant extent binds to the vitamin D compounds during 
this analysis and thus does not interfere with this analysis and, 
on the other hand, that the release reagent used does not 
interfere with the binding of detection reagents such as anti 
bodies to the vitamin D-binding protein to be examined. In 
addition, it is known that different alleles of the vitamin 
D-binding protein are present in the human population which 
behave biochemically differently. The release and measure 
ment of vitamin D compounds should be comparable for 
various alleles/phenotypes. 
0015 Thus the object of the present invention was to 
develop a release reagent for vitamin D compounds and in 
particular for hydroxyvitamin D compounds which can at 
least partially overcome the problems of the prior art. A 
Suitable reagent composition for releasing vitamin D com 
pounds, a method for determining 25-hydroxyvitamin D 
compounds, the use of the reagent composition, and kits for 
the determination of 25-hydroxyvitamin D compounds using 
this reagent composition are described in the following and 
are encompassed by the attached claims. 

SUMMARY OF THE INVENTION 

0016. The present invention concerns a reagent composi 
tion for releasing vitamin D compounds from Vitamin 
D-binding protein which has a pH value of 3.8 to 4.8 and 
contains 5 to 30 volume percent of one or more amphiphilic 
reagents selected from the group comprising dimethyl Sul 
foxide (DMSO) and a liquid organic amide as well as option 
ally 0.7 to 8 volume percent of a short-chain (C1 to C3) 
alcohol. 
0017. Furthermore the invention concerns a method for 
the immunological detection of a 25-hydroxyvitamin D com 
pound comprising the steps: a) mixing the sample to be exam 
ined with a reagent for releasing vitamin D compounds from 
vitamin D-binding protein which results in a mixture that has 
a pH value of 3.8 to 4.8 and contains 5 to 20 volume percent 
of one or more amphiphilic reagents selected from the group 
comprising dimethylsulfoxide (DMSO) and a liquid organic 
amide as well as optionally 0.5 to 5 volume percent of a 
short-chain (C1-C3) alcohol, and b) immunological analysis 
of the mixture from a). 
0018. In addition it is described how the reagent compo 
sition of the present invention can be used to release vitamin 
D compounds from Vitamin D-binding protein. 
0019. In addition a kit for detecting 25-hydroxyvitamin D 

is disclosed which contains the reagents necessary for the test 
procedure and the reagent composition according to the 
invention to release vitamin D compounds from vitamin 
D-binding protein. 

BRIEF DESCRIPTION OF THE FIGURES 

0020 FIG. 1: Method comparison: Immunoassay 
(-DMSO) and LC-MS-MS. 25-Hydroxyvitamin D was 
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determined by means of combined liquid chromatography 
and mass spectroscopy (LC-MS-MS) as well as by means of 
an immunoassay (IA) in which buffer without added DMSO 
(=-DMSO) was used for the incubation. The results in ng/ml 
for a total of 53 samples are plotted on the X axis for the 
LC-MS-MS and on the Y axis for the IA. 
0021 FIG. 2: Method comparison: Immunoassay 
(+DMSO) and LC-MS-MS. 25-Hydroxyvitamin D was 
determined by means of LC-MS-MS as well as by means of 
IA, where buffer containing DMSO (=+DMSO) was used for 
incubation in the IA. The results in ng/ml for a total of 48 
samples are plotted on the X axis for the LC-MS-MS and on 
the Y axis for the IA. 
0022 FIG. 3: Method comparison: Immunoassay 
(-DMSO) and LC-MS-MS. 25-Hydroxyvitamin D was 
determined by means of LC-MS-MS as well as by means of 
IA, where buffer without DMSO was used for the incubation 
in the IA. 31 Samples from persons of African descent were 
used as samples. The results in ng/ml for a total of 78 samples 
arc plotted on the X axis for the LC-MS-MS and on the Y axis 
for the IA. 
0023 FIG. 4: Method comparison: Immunoassay 
(+DMSO) and LC-MS-MS. 25-Hydroxyvitamin D was 
determined by means of LC-MS-MS as well as by means of 
IA, where buffer containing DMSO was used for the incuba 
tion in the IA. Amongst others 31 samples from persons of 
African descent were used as the samples. The results in 
ng/ml for a total of 79 samples are plotted on the X axis for the 
LC-MS-MS and on the Y axis for the IA. 
0024 FIG. 5: Method comparison: Immunoassay 
(+DMSO) and LC-MS-MS. 25-Hydroxyvitamin D was 
determined by means of LC-MS-MS as well as by means of 
an IA, where buffer containing DMSO was used for the 
incubation in the IA. Amongst others 81 samples from per 
Sons of African descent were used as the samples. The results 
in ng/ml for a total of 136 samples are plotted on the X axis for 
the LC-MS-MS and on the Y axis for the IA. 
0025 FIG. 6: Method comparison: Immunoassay 
(+DMF) and LC-MS-MS. 25-Hydroxyvitamin D was deter 
mined by means of LC-MS-MS as well as by means of an IA, 
where buffer containing dimethylformamide (=+DMF) was 
used for the incubation in the IA. Amongst others 81 samples 
from persons of African descent were used as the samples. 
The results in ng/ml for a total of 136 samples are plotted on 
the X axis for the LC-MS-MS and on the Y axis for the IA. 
0026 FIG. 7: Method comparison: Immunoassay (+N- 
MP) and LC-MS-MS. 25-Hydroxyvitamin D was determined 
by means of LC-MS-MS as well as by means of an IA, where 
buffer containing N-MP (=+N-MP) was used for the incuba 
tion in the IA. Amongst others 81 samples from persons of 
African descent were used as the samples. The results in 
ng/ml for a total of 135 samples are plotted on the X axis for 
the LC-MS-MS and on the Y axis for the IA. 

DETAILED DESCRIPTION OF THE INVENTION 

0027. In a first preferred embodiment, the present inven 
tion concerns a reagent composition for releasing vitamin D 
compounds from vitamin D-binding protein which has a pH 
value of 3.8 to 4.8 and contains 5 to 30 volume percent of one 
or more reagents selected from the group comprising dim 
ethylsulfoxide (DMSO) and a liquid organic amide as well as 
optionally 0.7 to 8 volume percent of a short-chain (C1 to C3) 
alcohol. 
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0028 Liquid organic amides are all those organic amides 
that are liquid at a temperature of 20° C. Preferred organic 
amides are dimethylformamide (DMF), methylethyl-forma 
mide, N-methylpyrrolidone (N-MP), N,N-dimethylaceta 
mide, tetramethyl-urea (TMU), 1,3-dimethyl-3,4,5,6-tet 
rahydro-2(1H)-pyrimidone (DMPU) and 
hexamethylphosphoric acid triamide (HMPT). 
0029. The group of chemicals that can be used according 

to the invention for a vitamin D release reagent have the 
common feature that they are amphiphilic compounds. The 
reagent composition for releasing vitamin D more preferably 
contains 7 to 20% of the said amphiphilic reagents. 
0030. The release reagent preferably contains DMSO, 
DMF, N-MP and/or DMPU. 
0031. In principle, mixtures of several of the amphiphilic 
reagents specified above, e.g., consisting of several liquid 
amides, can be present in a reagent composition according to 
the invention. Preferably only three, and more preferably only 
two, and also preferably only one of the amphiphilic reagents 
mentioned above are used. 

0032. It is also preferred that the pH of the reagent com 
position according to the invention is between pH 3.8 and pH 
4.6, more preferably between pH 3.9 and pH 4.5 and also 
preferably between pH 4.0 and pH 4.5. 
0033. As mentioned above, the release reagent can addi 
tionally contain 0.7 to 7 volume percent of a short-chain (C1 
to C3) alcohol. It has proven to be expedient when such a 
short-chain alcohol is also present in the release reagent. The 
proportion of short-chain alcohol is preferably 0.8 to 5 Vol 
ume percent. 
0034 Short-chain alcohols within the sense of the present 
invention are methanol, ethanol, propanol and isopropanol. 
Ethanol has especially proven to be suitable as the short-chain 
alcohol, and it is therefore more preferred. 
0035. A preferred reagent composition for releasing vita 
min D compounds from vitamin D-binding protein has a pH 
value of 3.8 to 4.8, contains 5 to 30 volume percent of one or 
more reagents selected from the group comprising dimethyl 
sulfoxide (DMSO) and a liquid organic amide as well as 0.7 
to 8 volume percent of a short-chain (C1 to C3) alcohol. 
0036. With the exception of vitamin D itself, other known 
compounds from vitamin D metabolism bind to the vitamin 
D-binding protein. The gene coding for the vitamin D-bind 
ing protein occurs in the human population in the form of 
different alleles. It is known that the polypeptides coded by 
these alleles differ biochemically, i.e., they lead to different 
phenotypes. These biochemical differences also influence the 
binding and release of vitamin D compounds. The reagent 
composition according to the invention is Suitable for releas 
ing vitamin D compounds independently of the phenotype of 
the vitamin D-binding protein. Thus a preferred embodiment 
of the present invention is the use of a reagent composition 
according to the invention to release vitamin D compounds 
from Vitamin D-binding protein or, as explained above, to 
release vitamin D compounds from complexes of Vitamin 
D-binding protein and vitamin D compound. 
0037. The reagent composition according to the invention 

is additionally preferably used to release vitamin D com 
pounds in those samples which contain or could contain dif 
ferent phenotypes of vitamin D-binding protein. 
0038. For the purpose of releasing vitamin D compounds 
from vitamin D-binding protein, the reagent composition 
according to the invention is mixed with the sample (prefer 
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ably serum or plasma). The mixing ratio of release reagent to 
sample is preferably between 10:1 and 1:10. 
0039. Additionally it is preferred to mix about/3 to 3 parts 
by volume, more preferably /2 to 2 parts by volume release 
reagent with one part by Volume sample. 
0040. The buffer composition and concentration are 
selected by a person skilled in the art such that the specified 
pH range and the desired concentrations of amphiphilic 
reagent are adjusted during the incubation with the immuno 
logical Substance for vitamin D. The reagent composition 
according to the invention preferably contains 20 mM-400 
mM buffer portion. This buffer portion is particularly prefer 
ably between 30 mM and 350mMorbetween 50 mM and 300 
mM. 

0041. In addition, the invention concerns a method for the 
immunological detection of a 25-hydroxyvitamin D com 
pound comprising the steps: a) mixing the sample to be exam 
ined with a reagent for releasing vitamin D compounds from 
vitamin D-binding protein which results in a mixture that has 
a pH value of 3.8 to 4.8 and contains 5 to 20 volume percent 
of one or more amphiphilic reagent selected from the group 
comprising dimethylsulfoxide (DMSO) and a liquid organic 
amide as well as optionally 0.5 to 5 volume percent of a 
short-chain (C1 to C3) alcohol and b) the immunological 
analysis of the mixture from a). 
0042. It is essential for the immunological detection of a 
25-hydroxyvitamin D compound according to the present 
invention that the 25-hydroxyvitamin D compound (-ana 
lyte) from the sample is incubated with the immunological 
substance under the conditions stated above for the mixture. 
The pH is particularly preferably between pH 4.0 and pH 4.5 
during this incubation. The concentration of the amphiphilic 
reagent selected according to the invention is preferably 
between 7 and 15 volume percent and more preferably 
between 8 and 12 volume percent during the incubation of the 
analyte with the immunological reagent. The short-chain 
alcohol is preferably present at a concentration of 0.7 to 1.5 
volume percent and more preferably of 0.8 to 1.2 volume 
percent during the said incubation with the immunological 
reagent. 
0043. If not stated otherwise, the term “vitamin D com 
pound is to be understood to include all compounds which 
contain the backbone of vitamin D. or the backbone of vita 
min D according to the following structural Formulas I and 
II: 

Formula I 

Ho 
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-continued 
Formula II 

2 
H3C 22 24 2. 5CH, 

18CH 
CH3 

How 

0044. In the structural Formulas I and II, the positions of 
Vitamin D are stated according to the Steroid nomenclature. 
The 25-hydroxyvitamin D denotes vitamin D metabolites that 
are hydroxylated at position 25 of the structural Formulas I 
and II, i.e., the 25-hydroxyvitamin D, as well as the 25-hy 
droxyvitamin D. Additional 25-hydroxyvitamin D com 
pounds are the 1.25- and 24.25-dihydroxyvitamin D forms. 
0045 1.25-Dihydroxyvitamin D refers to the active forms 
of vitamin D (the so-called Dhormones) that have a hydroxy 
lation at position 1 as well as at position 25 of the structural 
Formulas I and II. 
0046. Other known vitamin D metabolites are 24,25-dihy 
droxyvitamin D and 24.25-dihydroxyvitamin D. 
0047. The immunological detection of a vitamin D com 
pound is preferably carried out such that at least one 25-hy 
droxyvitamin D compound selected from the group compris 
ing 25-hydroxyvitamin D, 25-hydroxyvitamin D, 1.25 
dihydroxyvitamin D, and 1,25-dihydroxyvitamin D is 
detected. 
0048. As already mentioned above, 25-hydroxyvitamin 
D and 25-hydroxyvitamin D are particularly relevant forms 
of vitamin D for diagnostics. In the method according to the 
invention, the detection of 25-hydroxyvitamin D and/or 
25-hydroxyvitamin D is preferred. 
0049. In principle all proteinaceous binding partners such 
as antibodies or other specifically binding polypeptides that 
bind to one or more 25-hydroxyvitamin D compounds can be 
used as immunological materials. A prerequisite for use in the 
method described above for the detection of a 25-hydroxyvi 
tamin D compound is only that binding to the 25-hydroxyvi 
tamin D compound to be examined occurs under the selected 
incubation conditions. 
0050. The term antibody means polyclonal antibodies, 
monoclonal antibodies, antigen-binding fragments of these 
antibodies such as Fab fragments, F(ab')2 fragments, or 
single chain antibodies. Specific binding polypeptides are in 
particular binding partners such as those that can be obtained 
by means of phage display (McCafferty, J. et al., Nature 348 
(1990) 552-554), recombinant DNA technologies (U.S. Pat. 
No. 4,816,567), or from recombinatorial antibody libraries 
(Larrick, J. W. and Fry, K. E. Hum. Antibod. Hybridomas, 2 
(1991) 172-189). It is preferable to use polyclonal or mono 
clonal antibodies produced in the conventional manner or 
antigen-binding fragments thereof. 
0051 All known vitamin D metabolites are as such not 
immunogenic. The chemical activation of components from 
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Vitamin D metabolism as well as their coupling to carrier 
molecules or reporter groups is not trivial. Thus for a Success 
ful immunization it is essential to prepare a conjugate which, 
for example, contains a 25-hydroxyvitamin D as a hapten. 
The term hapten is understood by a person skilled in the art as 
a Substance which perse is not immunogenic but by coupling 
to a larger carrier molecule is present in a form against which 
antibodies can be generated. Suitable carrier materials for the 
production of hapten conjugates are known to a person skilled 
in the art. Bovine serum albumin, B-galactosidase, or the 
so-called keyhole limpet hemocyanin (KLH) are usually used 
as carrier materials. 
0.052 Various positions of the structures as they are shown 
in Formulas I and II are in principle suitable for activation and 
coupling to a carrier material. Coupling via position 3 of 
25-hydroxyvitamin D, or 25-hydroxyvitamin D, has, for 
example, proven to be favorable for the generation of anti 
bodies which bind a 25-hydroxyvitamin D in a suitable man 

. 

0053 A process for producing antibodies which bind to 
25-hydroxyvitamin D, as well as to 25-hydroxyvitamin D is 
described in detail in the examples. 
0054 The reagent composition according to the invention 
has proven to be suitable for use in an automated test for 
25-hydroxyvitamin D compounds. The present invention 
preferably concerns the use of a reagent composition accord 
ing to the invention for releasing vitamin D compounds from 
Vitamin D-binding protein especially in an immunological 
test for the determination of 25-hydroxyvitamin D com 
pounds. 
0055. The test for 25-hydroxyvitamin D is preferably 
completely automated. Completely automated in this case 
means that the experimenter only has to place the sample on 
an automated analyzer and all further steps are automatically 
carried out by the analyzer. The completely automated test is 
particularly preferably carried out on an ELECSYS (Roche 
Diagnostics GmbH) analyzer. 
0056. The reagent composition according to the invention 

is preferably used in a method for the detection of 25-hydrox 
yvitamin D and/or 25-hydroxyvitamin D. 
0057 The test is preferably carried out as a competitive 
immunoassay in which the reagent composition according to 
the invention is used as the so-called sample buffer, i.e., the 
sample is mixed with the reagent composition according to 
the invention. In Such a competitive test, a vitamin D com 
pound added in a defined amount to the test competes with the 
corresponding vitamin D compound from the sample for the 
binding sites of the detection antibody. The more vitamin D 
compound is present in the sample, the Smaller is the detec 
tion signal. 
0058. The method for the immunological detection of a 
25-hydroxyvitamin D compound can, based on the knowl 
edge of the present invention, be carried out in various ways. 
0059 For example and in a preferred manner, the sample 

is firstly mixed with a reagent composition according to the 
invention and incubated before further test components are 
added. 
0060. In addition and in a preferred manner, the sample, 
the reagent composition according to the invention, and an 
immunological Substance are mixed together directly, and 
Subsequently an incubation is carried out. 
0061. It is also possible and preferred that the reagent 
composition according to the invention already contains the 
immunological Substance. This means that in this embodi 

  



US 2009/0093445 A1 

ment, the reagent composition according to the invention 
additionally preferably contains a polyclonal or monoclonal 
antibody to 25-hydroxyvitamin D. 
0062. Many commercial test systems are based on the use 
of solid phases coated with avidin or streptavidin (SA), for 
example, SA-coated microtiter plates or SA-coated latices. 
0063 A biotinylated analyte derivative is, for example, 
bound to this SA solid phase before or during the test proce 
dure. When detecting 25-hydroxyvitamin D this can, for 
example, be a biotinylated 25-hydroxyvitamin D and/or a 
biotinylated 25-hydroxyvitamin D. When using an 
SA-coated solid phase, it is possible and preferred that the 
sample, the reagent composition according to the invention, a 
biotinylated 25-hydroxyvitamin D derivative, and an immu 
nological Substance are mixed and incubated together. 
0064. According to the teaching of the present invention, a 
person skilled in the art is able to put together a test kit which 
contains all components that are necessary to detect vitamin 
D compounds. In particular a preferred test kit for the detec 
tion of a vitamin D compound is characterized in that, in 
addition to an antibody against the vitamin D compound. Such 
a kit comprises a reagent composition which has a pH value of 
3.8 to 4.8 and contains 5 to 30 volume percent of one or more 
amphiphilic reagents selected from the group comprising 
dimethyl sulfoxide (DMSO) and a liquid organic amide as 
well as optionally 0.7 to 8 volume percent of a short chain (C1 
to C3) alcohol. 
0065. The invention is further elucidated by the following 
examples and figures. The actual protective scope results 
from the claims attached to this invention. 

EXAMPLE1 

Synthesis of 25-Hydroxyvitamin D3-3-Hemisucci 
nate KLH 

0066 For this synthesis, 25-hydroxyvitamin D, was 
chemically activated at position 3 (cf. Formula II) and 
coupled to KLH as an immunogen Support. This synthesis 
was carried out via the intermediate steps 25-hydroxyvitamin 
D-3-hemisuccinate and 25-hydroxyvitamin D-3-hemisuc 
cinate-N-hydroxysuccinimide ester. 
0067. 1.1 Preparation of 25-Hydroxyvitamin D-3- 
Hemisuccinate 
0068. 10 mg (25 umol) 25-hydroxyvitamin D. (Sigma 
Aldrich, No. H-4014) was dissolved in 1 ml absolute pyridine 
and stirred for 4 days at room temperature in the dark with 125 
mg (1.25 mmol) succinic anhydride. The reaction mixture 
was taken up in 10 ml ethyl acetate and in each case washed 
with 2x10 ml water, 0.1 M hydrochloric acid and subse 
quently again with water. The organic phase was dried using 
about 1 g anhydrous sodium sulfate, filtered, and the solvent 
was removed in a vacuum. The residual Solid was dried in a 
high vacuum. 10.5 mg (yield: 84%) of a colourless solid was 
obtained. 
0069. 1.2 Preparation of 25-Hydroxyvitamin D-3- 
Hemisuccinate-N-Hydroxy-Succinimide Ester 
0070 10.0 mg (20 umol) 25-hydroxyvitamin D3-3- 
hemisuccinate was dissolved in 7 ml anhydrous dichlo 
romethane and admixed with 2.76 mg (24 umol) N-hydrox 
y succinimide and 3.72 mg (24 umol) NO3 
dimethylaminopropyl)-N'-ethyl-carbodiimide (EDC). It was 
stirred overnight under argon, the organic phase was then 
washed twice with 10 ml water, dried over about 1 g anhy 
drous sodium sulfate and filtered. The solvent was removed in 
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a vacuum and the residual reaction product was dried for 3 h 
in a high vacuum. 11.3 mg (yield: 94%) N-hydroxysuccinim 
ide ester was obtained which was used for the conjugation 
without further purification. 
(0071) 1.3 Synthesis of 25-Hydroxyvitamin D-3- 
Hemisuccinate-KLH 
0072 150 mg keyhole limpet hemocyanin (KLH: Sigma 
Aldrich No. H8283) was dissolved in 25 ml 0.1 M potassium 
phosphate buffer, pH 8.0, and 11.3 mg of the N-hydroxysuc 
cinimide ester in 2 ml DMSO was added. It was stirred over 
night at room temperature, the product was Subsequently 
purified by means of a gel column (ACA 202, column volume 
0.5 l; 0.1 M potassium phosphate buffer pH 7.0). The frac 
tions containing the conjugated protein were detected by 
means of UV absorption (, 256 nm) and pooled. 10% glyc 
erol was added, and the grey opalescent Solution was used for 
the immunization. 

EXAMPLE 2 

Generation and Isolation of Antibodies Against 
25-Hydroxyvitamin D. 

0073. 2.1 Immunization 
0074 The antibodies were generated in sheep. The 25-hy 
droxyvitamin D-3-hemisuccinate KLH conjugate from 
Example 1 was used for the immunization. The immunization 
dosage was 0.1 mg per animal. The first immunization was 
carried out in complete Freund's adjuvant. Further immuni 
Zations took place at 4 week intervals in incomplete Freund's 
adjuvant for a period of 10 months. Serum was collected in 
the middle of each immunization interval. 
(0075 2.2 Purification of the Polyclonal Sheep Antibodies 
0076. The lipid-containing components were removed 
from the serum of the sheep immunized with 25-hydroxyvi 
tamin D-3-hemisuccinate-LKH conjugate with the aid of 
AEROSIL (Evonik Degussa GmbH) (1.5%). Subsequently 
the immunoglobulins were precipitated using ammonium 
sulfate (1.7M). The precipitate was dialyzed against 15 mM 
potassium phosphate buffer containing 50 mM NaCl, pH 7.0 
and subsequently purified chromatographically by DEAE 
SEPHAROSE (GE Healthcare Bio-Sciences AB). The IgG 
fraction (PAB <25-hydroxyvitamin D3> S-IgG (DE) was 
obtained from the flow-through of this chromatography col 
l 

(0077 2.3 Affinity Chromatography to Purify 25-Hydrox 
yvitamin D-Specific Antibodies 
0078. An immunadsorber which contains conjugated 
25-hydroxyvitamin D as the specificity-determinant was 
prepared for the immunochromatographic purification of the 
polyclonal antibodies. The immunadsorber was obtained by 
the following steps: 
0079 a) Synthesis of Hydroxyvitamin D-3-2-Cyanoet 
hyl Ether 
0080. 20.6 mg (50 umol) 25-hydroxyvitamin D (Fluka 
No. 17937) was dissolved in a 25 ml three-necked round 
bottom flask with an internal thermometer in 10 ml dry aceto 
nitrile under an argon atmosphere. 1.5 ml tert-butanol/aceto 
nitrile (9:1) was added to the solution and cooled to 6°C. in an 
ice bath. Subsequently 820 ul of an acrylonitrile solution (86 
ul acrylonitrile in 1.0 ml acetonitrile) was added and stirred 
for 15 minutes at 6°C. Then 205ul of a potassium hydride 
solution (25 mg KH in 0.5 ml tert-butanol/acetonitrile 9:1) 
was added. A brief flocculation occured after which a clear 
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solution was obtained. The reaction solution was stirred for a 
further 45 minutes at 6°C. and subsequently for 60 minutes at 
40 C. 
0081. Subsequently the reaction solution was diluted with 
10 ml methyl-tert-butyl ether and washed twice with 10 ml 
HO each time. The organic phase was dried with about 1 g 
anhydrous sodium sulfate, filtered over a G3 glass frit and 
evaporated on a rotary evaporator. It was dried in a high 
vacuum to form a viscous clear residue with a mass of about 
55 mg. 
I0082 b) Synthesis of Hydroxyvitamin D-3-3-Aminopro 
pyl Ether 
0083. The entire nitrile obtained above was dissolved in 15 
ml diethyl ether and admixed with a suspension of 7.5 mg 
lithium hydride in 7.5 ml diethyl ether while stirring. The 
reaction mixture was stirred for 1 hour at room temperature. 
Afterwards a suspension of 38.4 lithium aluminium hydride 
in 6.6 ml diethyl ether was added. This resulted in a strong 
turbidity of the mixture. The reaction mixture was stirred for 
a further hour at room temperature, then the reaction mixture 
was cooled to 0-5° C. in an ice bath, and 35 ml water was 
carefully added. The pH was made strongly basic by addition 
of 6.6 ml 10 M potassium hydroxide solution. 
0084. It was extracted three times with 65 ml methyl-tert 
butyl ether each time. The combined organic phases were 
dried using about 5 g anhydrous Sodium sulfate, filtered, and 
evaporated at room temperature on a rotary evaporator. The 
residue was dried to mass constancy using an oil pump. The 
crude product was dissolved in 5 ml DMSO and 3.0 ml 
acetonitrile and purified by means of preparative HPLC. 

I0085 eluant A=Millipore-H2O+0.1% trifluoroacetic 
acid; 

I0086 eluant B=95% acetonitrile+5%. Millipore-H2O+ 
0.1% TFA: 

I0087 gradient: from 50% B to 100% B in 100 min 
0088 flow rate: 30 ml/min 
I0089 temperature: room temperature 
0090 column dimension: Ø=5.0 cm; L=25 cm; 
0091 column material: Vydac C18/300A/15-20 um 
0092) det. wavelength: 226 mm 

0093. Fractions whose product content was larger than 
85% according to analytical HPLC (Vydac C18/300A/5um; 
4.6x250 mm) were pooled in a round bottom flask and lyo 
philized. 13.7 mg (yield: 58%) was obtained as a colorless 
lyophilizate. 
0094 c) Synthesis of Haroxyvitamin D-3-3'-N- 
(Hemisuberyl)Aminopropyl-Ether-N-Hydroxysuccinimide 
Ester 

0095 11.7 mg (25 mol) of the amino derivative was 
dissolved in 5 ml freshly distilled DMF, and 92 mg (250 
umol) Suberic acid-N-hydroxysuccinimide ester was added. 
3.5ul triethylamine was added, and the solution was stirred 
overnight under argon. The crude product was purified by 
preparative HPLC (conditions as above). 10.1 mg (yield: 
56%) N-hydroxysuccinimide ester was obtained after lyo 
philization. 
0096 d) Synthesis of the Haroxyvitamin D. Immunoad 
sorber 
0097 20 ml EAHSEPHAROSE (Amersham Biosciences, 
No. 17-0569-03) was washed with 200 ml 0.5 M sodium 
chloride solution on a G3 glass frit and equilibrated with 200 
ml 0.03 M potassium phosphate buffer pH 7.1. After excess 
liquid has drained off through the frit, the Suspension was 
taken up in 200 ml of the same buffer, and 1.7 mg (2.3 umol) 

Apr. 9, 2009 

N-hydroxysuccinimide ester in 10 ml DMSO was added. The 
reaction mixture was agitated overnight at room temperature 
on a shaker. It was again transferred to a glass frit, allowed to 
drain, and washed with 500 ml 0.05M potassium phosphate 
buffer/0.15M sodium chloride, pH 7.0. After complete drain 
age, it was resuspended in 25 ml of the same buffer, and 0.15 
ml of a 25% sodium azide solution was added for preserva 
tion. 
(0098 e) Purification of the Antibodies 
0099 10 ml of the affinity matrix from d) was packed into 
a column and equilibrated with a buffer consisting of 50 mM 
potassium phosphate and 150 mMNaCl at a pH of 7.5 (PBS). 
3.6 g of PAB <25-hydroxyvitamin De S-IgG (DE) was 
loaded onto the column. The column was washed stepwise 
with PBS, 0.5 MNaCl solution containing 0.05%TWEEN 20 
(ICI Americas Inc.) and 30 mM sodium chloride. The specifi 
cally bound immunoglobulin was detached from the affinity 
matrix with 3 mM HCl solution. The HCl eluate was dialyzed 
against 1 mMethyl acetate and Subsequently lyophilized. The 
lyophilisate was dissolved in PBS, aggregates were removed 
by chromatography on SUPERDEX 200 (GE Healthcare 
Bio-Sciences AB), and the immunoadsorbed polyclonal anti 
bodies obtained in this manner were used in a further step. 
The immunoaffinity matrix was regenerated with 1M propi 
onic acid and preserved in a solution of PBS containing 0.9% 
Sodium azide. 

EXAMPLE 3 

Assays for the Detection of 25-Hydroxyvitamin D 
0100 Commercial assays were used according to the 
manufacturers instructions. The 25-hydroxyvitamin D deter 
minations were carried out by means of HPLC (test for 
25(OH)Vitamin D. from the Immundiagnostik Company, 
Bensheim, order No. KC 3400) or by means of LC-MS-MS 
(Vogeser, M. et al., Clin. Chem. 50 (2004) 1415-1417) as 
described in the literature. 
0101 The preparation of the ingredients and the general 
test procedure for a new immunological test was described in 
the following: 
0102 3.1 Synthesis of Hydroxyvitamin D2-3-3'-N- 
(Hemisuberyl)Aminopropyl-Ether-Biotin-(Beta-Ala)-Glu 
Glu-Lys(Epsilon) Conjugate (Ag—Bi) 
0103 13.7 mg (25umol) hydroxyvitamin D2-3-3'-amino 
propyl ether was dissolved in 3.5 ml DMSO, 28.7 mg (30 
umol) biotin-(beta-Ala)-Glu-Glu-Lys(cpison)-hemi-suber 
ate-N-hydroxysuccinimide ester (Roche Applied Science, 
No. 11866656) and 12.5ul triethylamine were added, and it 
was stirred overnight at room temperature. The reaction solu 
tion was diluted with 4.5 ml DMSO, filtered through a 0.45 
um microfilter, and Subsequently purified by means of pre 
parative HPLC (conditions see example 2.3b)). Fractions that 
contain more than 85% product according to analytical HPLC 
were pooled and lyophilized. 9.8 (yield: 30%) purified biotin 
conjugate was obtained. 
0104 3.2 Ruthenylation of Polyclonal Antibodies Against 
25-Hydroxyvitamin D (=PAB-Ru) Purified by Affinity Chro 
matography 
0105. The affinity-purified antibodies according to 
example 2.3 e) were transferred to 100 mM potassium phos 
phate buffer, pH 8.5, and the protein concentration was 
adjusted to 1 mg/ml. The ruthenylation reagent (ruthenium 
(II) tris(bipyridyl)-N-hydroxysuccinimide ester) was dis 
solved in DMSO and added to the antibody solutionata molar 
ratio of 7.5 to 1. After a reaction time of 60 min, the reaction 
was stopped by addition of 1-lysine, and the excess labelling 
reagent was separated by gel permeation chromatography on 
SEPHADEX G25 (GE Healthcare Bio-Sciences AB). 
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0106 3.3 Test Procedure in the Immunoassay 
0107 The sample was measured using the ELECSYS sys 
tem from Roche Diagnostics GmbH. 25ul sample was mixed 
with 30 Jul release reagent (A) and simultaneously or sequen 
tially with 15 ul ruthenylated detection antibody (B) and 
incubated for 9 minutes. In the next step, the biotinylated wall 
antigen (C) (50 ul) was added, and the pH value was kept in 
the desired range by further addition of release reagent (A) 
(50 ul). After a further 9 minutes incubation, the magnetizable 
polystyrene particles (D) coated with streptavidin (SA) (30 
ul) were added, and after a further incubation for 9 minutes, 
the amount of bound ruthenylated antibody was determined 
as usual. 
0108. The release reagent (A) contained: 
0109 220 mM acetate buffer, pH 4.0 
0110 0.1% oxypyrion 
011 1 0.1% MIT 
O112 1% EtOH 
0113 0.1% polydocanol 
0114 0.2% rabbit IgG 
0115 and an amphiphilic reagent when specified 

0116 Solution (B) with the ruthenylated <25-OH-vitamin 
D> antibody conjugate contained: 

0117 20 mM phosphate buffer, pH 6.5 
0118 0.1% oxypyrion 
0119) 0.1% MIT (N-methylisothiazolone HCI) 
I0120 1% EtOH (ethanol) 
I0121 0.1% polydocanol 
(0.122 1% rabbit IgG (DET) 
I0123 2.0 ug/ml PAB-Ru (from example 3.2) 
0.124 as well as an amphiphilic reagent when specified 

0.125 Solution (C) with the biotinylated wall antigen con 
tained: 

(0.126 20 mM phosphate buffer, pH 6.5 
(O127 0.1% oxypyrion 
0128. 1% EtOH 
I0129 0.1% polydocanol 
0.130 0.2% rabbit IgG 
I0131 0.18 g/ml Ag Bi (from example 3.1) 
I0132) as well as an amphiphilic reagent when specified 

0133. The suspension with SA-coated latex particles (D) 
contained: 

0.134 0.72 mg/ml SA-coated magnetizable polystyrene 
particles having a binding capacity of 470 ng/ml. 

EXAMPLE 4 

Sample Incubation Buffer with/without Addition of 
an Amphiphilic Reagent 

0135) In prior experiments, it was observed that sera from 
humans of Caucasian descent and Sera from humans of Afri 
can descent behave differently in some test procedures for the 
detection of 25-hydroxyvitamin D. Normal sera from donors 
of different ethnic descent have therefore specifically been 
examined. 
0.136 4.1 Comparison of Incubation Conditions with and 
without DMSO (Caucasians) 
0.137 The two following buffer compositions were used as 
the release reagent: 
0138 (a) release reagent (A), solution (B), and solution 
(C) (see example 3.3) without DMSO (=-DMSO) and 
0139 (b) release reagent (A), solution (B), and solution 
(C) which additionally contain 10% DMSO (=+DMSO). 
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0140. A total of about 50 normal sera from humans of 
Caucasian descent were examined and compared to the stan 
dard method LC-MS-MS each time. As can be seen in FIG. 1, 
the values from the immunological test correlate with the 
LC-MS-MS (an r value of 0.86 was determined by means of 
linear regression). However, FIG. 1 also clearly shows that the 
slope of the regression line was very low (0.44 was calcu 
lated). This signifies a strongly falsified recovery of the 
samples. 
0.141. A method comparison between LC-MS-MS and an 
immunological test using DMSO was shown in FIG. 2. A 
higher correlation (r=0.89) and a higher slope (0.60) were 
calculated in comparison to the reagent composition without 
DMSO. 

0.142 4.2 Comparison of Incubation Conditions with/ 
without DMSO (Caucasians Plus Africans) 
0.143 A total of 80 normal sera, of which about 50 were 
from people of Caucasian descent and 31 from people of 
African descent, were immunologically analyzed and com 
pared with standard method LC-MS-MS each time. The same 
buffers (a) and (b) were used as in Example 4.1. As can be 
seen in FIG.3, the values from the immunological test did not 
correlate very well with the LC-MS-MS. An r value of 0.69 
was determined by means of linear regression. However, FIG. 
3 also clearly shows that the slope of the regression line was 
very small (0.30 was calculated). This denotes a strongly 
falsified recovery of the samples. 
0144. A method comparison between LC-MS-MS and an 
immunological test using DMSO was shown in FIG. 4. A 
significantly higher correlation (r–0.93) as well as a greatly 
improved slope (0.70) were found compared to the reagent 
composition without DMSO. 

EXAMPLE 5 

Comparison of Various Amphiphilic Reagents 

0145 The following buffer compositions were used: 
0146 (b) release reagent (A), solution (B), and solution 
(C) which additionally contain 10% DMSO (=+DMSO), 
0147 (c) release reagent (A), solution (B), and solution 
(C) which additionally contain 10% DMF (=+DMF), and 
0148 (d) release reagent (A), solution (B), and solution 
(C) which additionally contain 10% N-MP (=+N-MP). 
0149. About 135 normal sera from humans of various 
descent were examined using different reagent compositions 
to release vitamin D compounds from vitamin D-binding 
protein and compared to the standard method LC-MS-MS 
each time. As can be seen from FIGS. 5, 6, and 7, DMF and 
N-MP in addition to DMSO are also suitable as additives for 
a release reagent of Vitamin D compounds. The values from 
the immunological test correlate very well with the LC-MS 
MS for all three additives. r—values of 0.91 (buffer (b)), 0.92 
(buffer (c)), and 0.92 (buffer (d)) respectively were deter 
mined using linear regression. Thus the reagent compositions 
according to the invention allow a determination of 25 
hydroxyvitamin D that was independent of the phenotype of 
the vitamin D-binding protein. 
0150. Absolute values from the immunological test were 
determined in this example as well as in the previous example 
based on preliminary reference values and thus have no infor 
mative value. A reference standardization to determine reli 
able absolute values by means of LC-MS-MS still has to be 
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carried out. The relative values show the significant test 
improvements achieved with reagent compositions according 
to the invention. 
What is claimed is: 
1. A reagent composition for the release of vitamin D 

which has a pH value of 3.8 to 4.8 and contains 5 to 30 volume 
percent of one or more amphiphilic reagents selected from the 
group consisting of dimethylsulfoxide (DMSO) and a liquid 
organic amide as well as optionally 0.7 to 8 volume percent of 
a short-chain (C1 to C3) alcohol. 

2. The reagent composition according to claim 1, charac 
terized in that dimethylformamide (DMF), N,N-dimethylac 
etamide, tetramethylurea (TMU), N-methylpyrrolidone 
(N-MP), 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone 
(DMPU) and hexamethylphosphoric acid triamide (HMPT) 
are used as the amphiphilic reagent. 

3. The reagent composition according to claim 1, charac 
terized in that 7 to 20 volume percent amphiphilic reagent is 
present. 

4. The reagent composition according to claim 1, charac 
terized in that ethanol is present as the short-chain alcohol. 

5. A reagent composition for releasing a vitamin D com 
pound from a binding protein, the composition having a pH of 
3.8 to 4.8 and comprising, in addition to the vitamin D com 
pound and binding protein, one or more amphiphilic reagents 
selected from the group consisting of dimethyl Sulfoxide 
(DMSO), dimethylformamide (DMF), N,N-dimethylaceta 
mide, tetramethylurea (TMU), N-methylpyrrolidone 
(N-MP), 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone 
(DMPU), and hexamethylphosphoric acid triamide (HMPT). 
wherein the one or more amphiphilic reagents are present in 
an amount of 5 to 30 volume percent. 

6. The reagent composition of claim 5 further comprising 
0.7 to 8 volume percent of an alcohol selected from the group 
consisting of methanol, ethanol, propanol, and isopropanol. 

7. The reagent composition of claim 5 wherein the one or 
more amphiphilic reagents are present in an amount of 7 to 20 
Volume percent. 

8. A method for detection of a 25-hydroxyvitamin D com 
pound in a sample comprising the steps of 

releasing the 25-hydroxyvitamin D compound from bind 
ing protein by combining the sample with a reagent 
composition having a pH of 3.8 to 4.8 and comprising 
one or more amphiphilic reagents selected from the 
group consisting of dimethyl sulfoxide (DMSO), dim 
ethylformamide (DMF), N,N-dimethylacetamide, tet 
ramethylurea (TMU), N-methylpyrrolidone (N-MP), 
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1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone 
(DMPU), and hexamethylphosphoric acid triamide 
(HMPT), wherein the one or more amphiphilic reagents 
are present in an amount of 5 to 30 volume percent, 

adding to the released 25-hydroxyvitamin D compound a 
detection antibody and an antigen whereby the antigenis 
a defined amount of 25-hydroxyvitamin D that competes 
with the 25-hydroxyvitamin D in the sample to bind with 
the detection antibody, whereby the detection antibody 
comprises a moiety which produces a signal upon bind 
ing of the antibody to the antigen, and 

determining the signal produced as a measure of the 25-hy 
droxyvitamin D compound in the sample. 

9. The method of claim 8 wherein the 25-hydroxyvitamin 
D compound is selected from the group consisting of 25-hy 
droxyvitamin D, 25-hydroxyvitamin D, 1,25-dihydroxyvi 
tamin D, and 1,25-dihydroxyvitamin D. 

10. A method for releasing a vitamin D compound from a 
binding protein in a sample, the method comprising 

combining the sample with a reagent composition having a 
pH of 3.8 to 4.8 and comprising one or more amphiphilic 
reagents selected from the group consisting of dimethyl 
sulfoxide (DMSO), dimethylformamide (DMF), N.N- 
dimethylacetamide, tetramethylurea (TMU), N-meth 
ylpyrrolidone (N-MP), 1,3-dimethyl-3,4,5,6-tetrahy 
dro-2(1H)-pyrimidone (DMPU), and 
hexamethylphosphoric acid triamide (HMPT), wherein 
the one or more amphiphilic reagents are present in an 
amount of 5 to 30 volume percent, thereby releasing the 
vitamin D compound from the binding protein. 

11. The method of claim 10 wherein the reagent composi 
tion further comprises 0.7 to 8 volume percent of an alcohol 
selected from the group consisting of methanol, ethanol, pro 
panol, and isopropanol. 

12. A kit for the detection of 25-hydroxyvitamin D com 
prising components for immunological detection and a 
reagent composition having a pH value of 3.8 to 4.8 and 
comprising one or more amphiphilic reagents selected from 
the group consisting of dimethylsulfoxide (DMSO), dimeth 
ylformamide (DMF), N,N-dimethylacetamide, tetramethy 
lurea (TMU), N-methylpyrrolidone (N-MP), 1,3-dimethyl-3, 
4.5,6-tetrahydro-2(1H)-pyrimidone (DMPU), and 
hexamethylphosphoric acid triamide (HMPT), wherein the 
one or more amphiphilic reagents are present in an amount of 
5 to 30 volume percent. 
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