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The present study was aimed at designing of immunoenzyme test-system for competitive
determination of 250HD in blood serum using polyclonal antibodies against 250HD and biotin-
streptavidin visualization technique. The validation parameters of test-system were determined. For
development of test-system we used the preparation of specific antibodies against 250HD with the titer
1:3000. The optimal concentration of competing agent (250HDs-LC-biotin) was found to be equal
to 5 ng/ml. The standard calibration curve was built by using a set of seven calibrators. For the validation
of test-system the following parameters were established: limit of detection, quantitative limit, cross-
reactivity, intra- and inter-system coefficients of variation (Intra.CV, Inter.CV) and “matrix effect”.
Constructed immunoenzyme test-system can be used successfully for 250HD determination in blood

serum samples.
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Vitamin D is a general name for a group
of biologically active substances, the most
important of which are cholecalciferol
(vitamin D3) and ergocalciferol (vitamin D,).
Chemically vitamin D belongs to secosteroids
that are similar to steroid molecules except
for the absence of a double bond between C,
and C,, carbon atoms in the ring B [1].
In humans, vitamin D; is formed from
7-dyhydrocholesterol by the action
of UV radiation (290-315 nm). After
photobiochemical synthesis, cholecalciferol
binds to vitamin D-binding protein (DBP)
and is transported to the liver for further
conversion to 25-hydroxyvitamin Dy
(250HDy) [2].

Cholecalciferol, through its hormonally
active form — 1,25(0H),D; (calcitriol), has a
number of different pleiotropic effects in the
organism, such as the regulation of calcium
homeostasis, mineralization and remodeling of
bone tissue, proliferation and differentiation
of various cell types as well as modulation
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of the immune processes. Receptors for
1,25(0H),D; — VDR, and all the components
of the D-endocrine system (enzymes that
metabolize vitamin Dg), are found in various
cell types. Decrease in bioavailability of
vitamin Dj; due to insufficient dietary
intake or deterioration of its metabolism
in the body is known to be a major factor in
the pathogenesis of osteoporosis. In recent
years, large-scale epidemiological studies
have revealed a correlation between vitamin
D; deficiency and prevalence of infectious
(viral infections, tuberculosis) [3—5], chronic
inflammation (Crohn’s disease) [6] allergic
(asthma) [7], autoimmune (multiple sclerosis,
type 1 diabetes) [4, 8, 9], cardiovascular and
neoplastic diseases [10—14].

The classic marker of cholecalciferol
sufficiency is 250HD level in the blood
because its half-life is about 2—3 weeks and
the serological samples (serum or plasma)
can be stored frozen for a long period until
analyzed [1].
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250HD level in the blood within
100-150 nmol/L (60-80 ng/ml) is considered
to be physiologically normal. Its reduction to
50 nmol/L indicates vitamin D insufficiency,
and to 20 nmol/L — vitamin D deficiency [12].

The measurement of 250HD is challenging
due to lipophilic nature of the compound
that is bound to proteins in the blood and
contained in nanomolar concentrations.
Currently, there are several methods
for 250HD determination [15]:
radioimmunoassay [16, 17], high performance
liquid chromatography (HPLC), liquid
chromatography combined with mass
spectrometry (HPLC/LC-MS), different
versions of immunoenzyme analysis using
poly- or monoclonal antibodies against 250HD
or DBP[18].

The first immunological test systems were
based on the usage of DBP and radiolabeled
3H-250HD. Further use of antibodies against
DBP was inappropriate, because such test
systems also determined another metabolite
of vitamin D — 24,25-dihydroxy D, thereby
leading to false-positive results [19].
Therefore, radio competitive analysis has been
developed based on antibodies against 250HD
using '#°I-labeled 250HD, [17].

HPLC/LC-MS is currently considered
to be the most accurate method for 250HD
determination in serum samples. This method
can identify all metabolites of vitamin D,
including 25-hydroxyvitamin D. HPLC
involves lipid extraction of vitamin D from
blood sample, further chromatographic
separation and UV-detection at 254-256 nm
[20]. Despite the fact that HPLC is the “gold
standard” of 250HD measurement, it is not
widely used in laboratory practice because
of the complexity of sample preparation and
expensive equipment.

In view of the aforementioned, the urgent
task of biotechnology is to develop domestic
test system that would allow reliable, rapid and
inexpensive determination of 250HD content
in different serological samples.

The aim of the present study was to design
the immunoenzyme test system for 250HD
measurement in serological samples by
competitive method using biotin-streptavidin
visualization technique and rabbit polyclonal
antibodies against 250HD [21]. To achieve
this goal the following tasks were put
forward: to optimize sorption conditions of
rabbit polyclonal antibodies on the surface
of polystyrene plates; to compare different
regimes of competitive assay and determine
conditions to achieve specificity; to build a

standard calibration curve and validate the
immunoenzyme test system by determining
sensitivity of the system, limit of detection,
quantitative limit, coefficients of variation
(intra- and intersystem), cross-reactivity and
“matrix effects”.

Materials and Methods

Salting out the fraction of serum I1gG with
ammonium sulfate (NH,),SO,

Immunization of gray female rabbits was
performed by using 250HD3-KLH conjugate
as described previously [21]. Blood serum
containing specific antibodies against
250HD was centrifuged at 3 000 g for 30 min
at temperature + 4 °C. Supernatant was
transferred to a clean tube. The necessary
amount of saturated ammonium sulfate
solution (4.1 M at + 25 °C) was added to a final
concentration of 50% and kept overnight at
+ 4 °C. The precipitate was centrifuged
for 30 min at 3 000 g. Supernatant was
discarded but the remaining 1 ml of
supernatant above the obtained residue was
left to prevent drying. Antibodies were stored
at +4°C[22].

Purification of the IgG fraction precipitate
by dialysis

Before the procedure, dialysis bag with
pore diameter of 6 mm and MWCO (molecular
weight cutoff) — 14 000 Da (Sigma, USA) was
boiled 3—5 min in 100 mM EDTA solution.
After drying, 0.5 ml of the precipitate was
placed in the bag. The first phase of the
dialysis was performed against phosphate
buffer solution (PBS, pH 7.4) during 3 hours
at +4 °C. The buffer solution was replaced
with the fresh one and dialyzed overnight
at +4 °C. After the third replacement of the
buffer solution and the dialysis during 3 h,
phosphate buffer solution was changed with
50% glycerol in PBS. Immunoglobulins were
dialyzed three times with the substitution of
glycerol solution in regime overnight-three
hours-overnight at + 4 °C. The resulting
protein concentration was measured and
antibodies were stored at —20 °C.

Assessment of antibody titer against
250HD by indirect immunoenzyme analysis
(ELISA)

250HD;-ovalbumin conjugate, dissolved in
phosphate buffer (PBS, pH 7.4; 1 mg/100 ml),
was placed into polystyrene 96-well flat-
bottomed plates (Grainer Microlon®) and
incubated overnight at +4 °C [21]. After
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incubation the plate wells were washed three
times with 200-300 pl of Tween-phosphate
buffer (PBST, PBS + 0.1% Tween 20).
Thereafter, the wells were washed after each
round of incubation by the same scheme. Free
binding sites were blocked by adding to each
well 300 ul of PBST and incubated for 1 h at
+37°C.

To assess the titer of serum antibody the
dilutions were made in the range of 1:500—
1:64000. 100 pul of each serum dilution were
placed in two parallel wells and incubated
during 1 h at + 37 °C. Then, secondary
antibodies, conjugated with horseradish
peroxidase (1:3 000, 100 ml per well; Sigma,
USA), were added and incubated for 1 hour
at + 37 °C. Measurement of the specific
“antigen-antibody” interaction was conducted
by color reaction using ABTS [2,2"-azino-
bis- (3-ethylbenzothiazoline-6-sulfonic-acid)
diammonium salt; Sigma, USA]. 100 ul of
stock solution, contained 2.5 mg of ABTS in 5
ml Na-citrate buffer (50 mM, pH 5.0) and 5 ul
of 30% H,0,, was added per well. Detection
was performed on the reader ER-500 (BioRad)
at the wavelength of 405 nm within 30 min.

To control the specificity of the immune
response parallel analysis of control sera was
conducted. In addition, for cross-reactivity
monitoring the unconjugated keyhole limpet
hemocyanin from Megatura cranulata (KLH)
and white egg albumin (OVA) were used.

Preparation of the components of
immunoenzyme test system for 250HD
determination

250HD;-LC-biotin (ImmunDiagnostik,
Germany) was used as a competing agent for
the immunoenzyme analysis. It was diluted in
98% ethanol to a final concentration of 1 mg
per 0.5 ml of ethanol.

The standard calibrators of 250HD; were
prepared from the stock solution, which
contained 1 mg 250HD; (Sigma, USA) in 1 ml
of 98% ethanol.

As cross-reactants, 1,25(0H),D; and
cholecalciferol (Sigma, USA) were used. The
stock solutions contained 50 ng of 1,25(0H),D4
in 1 ml of 96% ethanol and 1 mg of vitamin Dy
in 0.5 ml of 96% ethanol.

Results and Discussion

Determination of 250HD in blood serum
is an important task for the diagnosis of
vitamin D insufficiency/deficiency in the
body or, rarely, vitamin D intoxication [23].
Immunoenzyme test systems allow determine
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rapidly and reliably the contents of various
low-molecular biologically active compounds
in the diagnostic or biochemical laboratory.
The development of immunoenzymatic kits
for 250HD determination is accompanied by a
number of difficulties, such as follow:

— 250HD is hydrophobic compound, which
makes it impossible to work with aqueous
solutions;

— lipophilic nature of the compound
suggests that 25-hydroxyvitamin D is bound
to proteins, in particular vitamin D-binding
protein (DBP);

— antibodies raised against 250HD can
bind different metabolites of vitamin D,
1,25(0H),D, 24,25(0H),D, 3-epi-25D, thereby
leading to false positive/negative results;

— total level of vitamin D comprises two
components: vitamin Dy and vitamin D,.
Therefore, a test system should be developed
to provide the measurement of these two
metabolites [18].

Because of undesirability of using
radioactively labeled 250HD as a competitor,
there have been developed a number of test
systems based on rabbit polyclonal, and
after the invention of hybrid technologies —
monoclonal antibodies against 250HD. We
have chosen rabbit polyclonal antibodies for
the detection 25-hydroxyvitamin D. Previously
we have synthesized immunoconjugate,
carried out immunization of rabbits, received
antiserum and characterized polyclonal
antibodies against 250HD [21].

The procedure of salting out of globulin
fraction was conducted at the first stage of this
work. For this purpose, a saturated solution of
ammonium sulfate was used. Immunoglobulins
obtained were dialyzed against PBS, pH 7.4
and stored in 50% glycerol solution at —20 °C.

After salting out and purification,
the protein concentration in the resulting
suspension was 24 mg/ml. Indirect
immunoenzyme analysis was then performed
to evaluate the specific antibody titer against
250HD. Fig. 1 shows that after purification
procedure, the antibodies against 250HD
were able to detect reliably this compound. It
was also shown that they do not exhibit cross
reactivity with protein carrier of comparison
conjugate — ovalbumin.

Thus, these results suggest that obtained
polyclonal antibodies can be successfully used
to construct immunoenzyme test-systems for
250HD determination.

The next phase of the study was to select
and optimize the conditions of antibodies
sorption on the surface of polystyrene plates.
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Fig. 1. Antibodies titer against 250HD from blood serum of rabbits, immunized
with 250HD3-KLH conjugate, after salting out and purification by dialysis in dilution series:
1—1/500;2 —1/1000;3—1/2000;4 —1/4000;5 — 1/8 000;
6 —1/16 000; 7 — 1/32 000; 8 — 1/64 000;
* P <0.05 vs. control

For this purpose, the Grainer Micrlon®
plates with a sorption capacity of 600 ng/cm?
were used.

Purified antibodies were dissolved in PBS,
pH 7.4 to a final concentration of 10 ng/ml
and transferred 100 ul per well [24]. The plate
was incubated overnight at + 4 °C. [25]. The
wells were washed three times using a Tween-
phosphate buffer pH 7.4 (PBST, PBS + Tween
20, 0.05%, 200 ul per well).

During immunoenzyme analysis it
is important to block free binding sites
after antibodies sorption on the surface of
polystyrene. Several types of blocking solution
are widely used nowadays [26]:

1. Phosphate buffer containing 1-5% of
bovine serum albumin (BSA). Working with
this blocking solution can lead to unwanted
cross-reactivity of polyclonal antibodies with
BSA. Moreover, the permanent use of BSA is
expensive that will not reduce the cost of the
developed test system.

2. Phosphate buffer containing skim milk
at a concentration of 0.1-0.5% . This solution
is unsuitable for those test systems, which are
based on biotin-avidin/streptavidin binding.

3. Buffer system containing casein. This
solution is also unusable for systems, in which
the reaction of biotin-avidin/streptavidin
coupling is utilized.

4. 5-10% solution of normal serum. The
main disadvantage of this solution is the
presence of blocking IgG, which may reduce
the specific signal.

5. Phosphate buffer containing Tween 20 at
a concentration of 0.05-0.1%.

After analyzing the characteristics of
different buffer systems, we have chosen
Twin phosphate buffer as it contains no
additional components that may cross-
react with antibodies in the system, and it
is not expensive as well. That is why, 300 ul
of PBS + Tween 20, 0.05% , were added to each
well to block free binding sites. The plate was
incubated for 1 hour at + 37 °C.

For our immunoenzyme test system a
competitive version of ELISA was selected.
It is based on competing between 250HD of
serum sample with 250HD;-LC-biotin added
to each well. A pair of avidin (egg protein)/
biotin (water-soluble vitamin) is widely used
in ELISA test systems. Avidin is tetrameric
protein that contains four identical subunits,
each of which can bind one molecule of biotin.
The biotin-avidin couple withstands high salt
concentration in incubation solution, sharp
fluctuations in pH or the presence of high
concentrations of such chaotropic agents as
guanidine hydrochloride in the medium. In
addition, biotin molecule can be effectively
conjugated with proteins as well as with other
molecules, including 250HD,, while avidin
molecule easily forms conjugates with enzymes
such as horseradish peroxidase (HRP) [27].

In recent years, streptavidin, the protein
obtained from Streptomyces avidinii,
is increasingly used instead of avidin.
Streptavidin was shown to be less sensitive
to pH changes and it can be obtained not
only from natural producers, but also by
recombinant technique. Compared with the
first one, recombinant streptavidin has smaller

31



BIOTECHNOLOGIA ACTA, V.9, No 2, 2016

size and isoelectric point within a neutral pH
6.8-7.5.

Therefore, a specific interaction between
competitor conjugate, composed of biotin
(250HD;-LC-biotin), and streptavidin
coupled to horseradish peroxidase was used
for signal detection in the present study.
Horseradish peroxidase enzyme is the most
suitable candidate for the signal detection
in ELISA systems due to its high specificity
and the possibility to use different substrates:
OPD (o-phenylenediamine dihydrochloride),
TMB (3,3",5,5-tetramethylbenzidine),
ABTS, etc. [28].

Once the antibodies were adsorbed on the
polystyrene plate and free binding sites were
blocked as described above, 200 nl of 250HD;-
LC-biotin solution (in PBS), containing
200, 400, 600, 800, 1 000, 1 500 pg, were
added to the wells [29]. Figure 2 shows the
presence of the linear section of the curve
in the concentration of 250HD;-LC-biotin
ranging from 200 to 1 000 pg/200 ul. This
reflects proportional dependence of immune
specific interaction on the accessibility of free
antibody binding sites that were completely
filled at concentrations of biotinylated
250HD; higher than 1 000 pg/ 200ml
(saturation curve plateau). Thus, we have
subsequently used 250HD;-LC-biotin at a
concentration of 1 000 pg/200 ul as a competing
agent for the immunoenzyme system.

For the validation of any test system a
number of standard parameters should be used,
such as [30]: 1) selectivity; 2) cross-reactivity;
3) sensitivity; 4) stability; 5) reproducibility;
6) construction of the calibration curve.

Calibration (standard) curve shows the
intensity of signal which depends on the
concentration of analyte in the incubation
medium. This dependence should be
reproducible and uninterrupted.
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The samples for the building of calibration
curve were prepared in the same buffer
as other reagents. For each measurement
with the usage of 96-well plate the separate
calibration curve was built. The standard
calibration curve for the determination of
250HD is a graph of the extinction (Y-axis)
and the concentration of the calibrator
250HD; (X-axis); or the dependence of B/B,
(Y-axis) on the concentration of the calibrator
250HD; (X-axis). The value B/B, is calculated
as (extinction of calibrator (sample)/extinction
of zero calibrator Cy)x100% . In addition, there
is another way to build calibration curve, when
the values of both the X-axis and the Y-axis are
expressed logarithmically. Such approach is
useful to reach maximum linearization of the
standard curve, especially in the range of low
concentrations of the calibrators. While this
method makes it possible to assess the linearity
of the calibration curve, however, it is rather
inconvenient for further calculations of the
measurement results [31].

There are several standard characteristics
of the system, which can be estimated on
the basis of calibration curve: 1) detection
limit (relative sensitivity of the system); 2)
quantitative limit; 3) linearity; 4) range of
concentrations that may be measured by the
imminoenzyme test system.

Taking into consideration the fact that
the normal concentration of 250HD in blood
serum is 60—80 ng/ml (100-150 nmol/L) the
following concentrations of this metabolite
were selected to build the calibration curve:
1.25, 2.5, 10, 35, 70 and 150 ng/ml [2].

Fig. 3 depicts the dependence of extinction
on the analyte concentration in the sample
as well as a standard calibration curve,
which exhibits a relationship between the
concentration of the competitor in the sample
and the ratio B/B,. This relationship has

800 1000 1500

250HD;-LC-biotin concentration, pg/200 pl.

Fig. 2. Selection of the optimal concentration of competing agent 250HD3-LC-biotin
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Fig. 3. Standard calibration curve for 250HD determination

an inverse character, which is expressed
in reducing the value of extinction with
increasing number of competing agent in the
well.

The limit of detection was determined by
the formula: DL = 3.3 s/a, where s —standard
deviation (SD) values of zero calibrator; a —
the slope of the standard curve to the axis X.

SD- 0.170465; a=0.2456; DL = 2.3 ng/ml.

The quantitative limit was determined by
the formula: QL = 10s/a, where s — standard
deviation (SD) values of zero calibrator; a —
slope to the axis X.

SD- 0.170465; a=0.2456; QL = 6.9 ng/ml.

One of the important parameters for the
validation of immunoenzyme test system
is the lack of “matrix effect” [32]. “Matrix
effect” is an impact of sample components
(serum or plasma) on the measurements.
This parameter is defined as the difference
between the extinctions of a sample diluted
in a standard buffer solution (calibrator) and
a sample of serum or plasma. It is known that
serum contains a variety of proteins that can
block the binding sites in the immunoglobulin
molecules, thus leading to erroneous
measurements. Additionally, the “matrix
effects” may be manifested as increasing
“noise” in the measurements.

Serial dilutions of major blood protein
fractions are usually carried out to determine
the “matrix effect”. In this study we tested
the effect of hemoglobin and bilirubin on the
efficiency of 250HD measurements using
developed immunoenzyme system [33].

The normal concentration of hemoglobin
in the blood is: for men — 120-180 g/I;

for women — 110-160 g/1; for children —
110-160 g/l1; for pregnant women —
95-150 g/l. However, for non-hemolyzed
specimens that must be used in immunoenzyme
analysis, the upper limit of the free hemoglobin
concentration is 0.5 g/1. We have selected a
range of hemoglobin concentrations 0.04-5 g/1
to be tested. It was shown that hemoglobin in
the concentration of 0.04 g/1 does not inhibit
a signal, while it reduces extinction value by
30% in the concentration of 5 g/1.

As for bilirubin, its normal concentration
in the blood does not exceed 0.01 g/I (for total
fraction). For testing we have selected a range
of bilirubin concentrations 0,07-10 g/1. It was
shown that the presence of 0.07 g/1 of bilirubin
in the incubation medium does not affect a
signal strength and only significant (500-fold)
increase in bilirubin concentration, up to 5 g/1,
reduced the extinction by 50% .

Thus, we can conclude the absence of
“matrix effect” elicited by both hemoglobin
and bilirubin if non-hemolyzed serum samples
are used.

Three types of most common errors
are known to be associated with the
immunoenzyme measurements: random
errors or, in other words, a variation of
measurement. They are expressed as standard
deviation, relative error or coefficient of
variation and calculated by the formula: RSD
(relative standard error) = CV (coefficient of
variation) = SD/mean 100% ; system errors,
which occurrence depends on the accuracy of
analysis procedures; gross errors that result
from equipment malfunction or denaturation
of reagents.

If in the case of gross and systematic
errors there are no reliable parameters of
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Table 1. Intra-system coefficient of variation for the serum samples of normal rats

Control 1 Control 2 Control 3 Control 4 Control 5
Extinction 1 0.508 0.601 0.668 0.657 0.657
Extinction 2 0.600 0.493 0.796 0.639 0.701
Extinction 3 0.554 0.552 0.734 0.648 0.69
Medium mean 0.554 0.549 0.732 0.648 0.682
SD 0.03 0.04 0.05 0.007 0.018
Intra.CV 5% 7% 7% 1% 2%

their characteristics and correction of these
errors strongly depends on the accuracy of
the researcher and the maintenance of the
equipment and reagents in working condition,
the random errors can be successfully
characterized by calculating the coefficients
of variation (CV).

According to the guidelines of the
International Conference of Harmonization
(ICH, Japan, US and EU) related to
optimization and validation of ELISA test kits,
there are two parameters characterized by the
coefficient of variation [31]:

1. Frequency or intra-system coefficient of
variation (Intra.CV);

2. Reproducibility or inter-system
coefficient of variation (Inter.CV).

For our analysis, we obtained serum from
normal male Wistar rats. Table 1 shows that
the frequency or Intra.CV for five samples
is within the range from 1% to 7%, while
the maximum allowable value is 10% . Inter-
system coefficient of variation (Inter.CV) was
no more than 7% (data not shown).

In addition to 25-Hydroxyvitamin Dg
other metabolites of cholecalciferol, such
as 250HD, 1,25(0H),D, 24,25(0H),D and
vitamin D itself are present in serological
samples [18]. In view of this, to validate the
immunoenzyme system we conducted series of
tests for cross-reactivity of antibodies against
250HD with cholecalciferol and 1,25(0H),D;
(calcitriol) used in the concentration range of
5-800 ng/ml and 25—1 000 pg/ml respectively.
Table 2 demonstrates the percentage of cross-
reactivity of polyclonal antibodies against
25-Hydroxyvitamin D with the aforementioned
compounds.

It was shown that rabbit polyclonal
antibodies, which were used in the developed
immunoenzyme test system to determine the
concentration of 250HD in serum samples,
hardly reacted with cholecalciferol, while
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cross-reactivity to calcitriol reached the
value of 10%. It is an acceptable threshold
that cannot make any significant impact on
the analysis because calcitriol in blood serum
appears within picomolar concentrations,
whereas 250HD is detected in nanograms.

Table 2. Percentage of the immunoenzyme system
cross-reactivity with different metabolites
of vitamin Dy

Analyte Percentage
of cross-reactivity
Cholecalciferol (D3) 2.5%
25-Hydroxyvitamin Dy 100%
1,25(0H),D5 10%

Thus, in this experimental research we
optimized the conditions of rabbit polyclonal
anti-250HD antibodies sorption on the
surface of polystyrene plate. After comparing
different modes of competition reaction,
optimal concentration of a competing
agent — 25-hydroxyvitamin Ds-LC-biotin was
found to be 1 000 pg/200 ul. The developed
immunoenzyme test system was validated
by the following parameters: the limit of
250HD detection (2.5 ng/ml); quantitative
limit that was equal to 6.9 ng/ml of 250HD
and coefficients of variation (Intra.CV-5-
7% , Inter.CV-7%). It was shown that the
immunoenzyme test system has no “matrix
effect” to hemoglobin and bilirubin provided
using non-hemolyzed specimens. In addition,
it was determined that the reaction of rabbit
polyclonal antibodies with other metabolites
of vitamin D; is not significant, that exclude
false positive/negative results during the
analysis.
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PO3POBJIEHHS TA BAJIJAILA
IMYHOEH3UMHOI TECT-CUCTEMHA
JJISI BUSHAYEHHA
25-TITPOKCUBITAMIHY D
Y CEPOJIOTTYHHUX 3PA3KAX

A.O. Masanosa
1. O. IITumaHcvKull
M. M. Beruruil

ImcruryT 6ioximii im. O.B. ITamaagina
HAH VYxkpaiau, Kuis

E-mail: ann.mazanova@gmail.com

MeToro po6oTtu 6yJsio po3pobJIeHHA iMyHO-
eH3MMHOI TecT-CUCTeMHU AJISI KOHKYPEHTHOTO
BusHauenuda 250HD y cepoJsoriuaux 3paskax 3
BUKOPUCTAHHAM ITOJTiKJIOHAJTbHUX aHTUTIJ IPO-
T 250HD i 6ioTmH-CcTpEenTaBiAMHOBOTO CIIOCO0Y
BisyaJrisarii. oA po3spobJsieHHA TecT-CUCTEMU
0yJI0 BUKOPHUCTAHO cuelndiubi aHTHuTiIa IpoTH
250HD 3 Tutpom 1:3000. BecTaHOBIEHO ONTU-
MaJIbHY KOHIIEHTPAI[il0 KOHKYPYIOUOTO areHTa
(250HD;-LC-6ioTuny), siKa cTaHOBUJIA D HI'/MJI,
Ta mMoOYyJOBAaHO CTAHJAPTHY KaJiOpyBaJbHY
KPHUBY 3 BUKOPUCTAHHAM HA0O0PY i3 ceMu KaJi-
opartopiB. s Basmigarmii TecT-Habopy OyI0 BU-
3HAUEHO HUBKY CTaHIapTHUX IIapaMeTpiB: JiMiT
IeTeKTyBaHHA, KiJbKicHU#N JimiT, Kpoc-pe-
aKTUBHICTH, BHYTPIiIlIHBO- Ta Mi’KCHCTEeMHUI
KoedimienTn Bapiarnii (Intra.CV, Inter.CV),
«Mmatpuunuii epekr». Orpumani pesyabTaTu
TOKa3yI0Th, 1[0 CTBOPEHY TEeCT-CUCTEMY MOYKHA
YCHOIiITHO BUKOPWCTOBYBATHU JAJIs BUBHAUEHHSA
250HD y ceposoriunmx 3paskax.

Knwouwosei cnoea: 25-rinpoxrcusitamia Dg, imyHo-
€H3UMHUHA aHaJi3, IOoJiKJIOHAJIbHI aHTUTiIA.
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ITenbio paboThl ObLIa Pa3paboTKa UMMYHO-
SH3UMHOM TeCT-CHUCTEMBI AJIA KOHKYPEHTHOTO
ompenenenus 250HD B ceposiormuecKux 06-
pasiiax ¢ MCIOJb30BaHUEM IMOJUKJIOHAIbHBIX
agTures nporuB 250HD m 6motuH-cTpenTa-
BUIMHOBOTO crocofa Busyasusamuu. [aa pas-
paboOTKM TEeCT-CUCTEeMBI OBLIN HCIIOJb30BAHBI
crnenupuueckue aututesna nporus 250HD c
turpom 1: 3000. ITomoO6pana onTuMajbHaA
KOHIIEHTpPAIUA KOHKYPHUPYIOIIEero areHra
(250HD;-LC-6moTtmHa), KOTOpPas cOCTaBJAIA
5 HT/MJI, U TIOCTPOEHA CTaHAAPTHAA KaJauopo-
BOUYHAsS KpWBas C UCIOJb30BaHMEM Habopa u3
ceMu KajaubparopoB. [lad Bajiugarum TECT-
Habopa OBIJ oIIpelesieH PAL CTAHZAPTHBIX
mapaMeTpPoOB: JUMUT JeTeKTUPOBAHUSA, KOJU-
YeCTBEHHBIA JUMUT, KPOCC-PEaKTHUBHOCTb,
BHYTPU- U MEKCHUCTEMHBIA KOd(Q(PUIUEHTHI
Bapuanuu (Intra.CV, Inter.CV), «MaTpuuHbIi
a(derT». ITlomyueHHBIE PE3YIbTATHI HOKA3LIBA-
0T, UTO CO3ZaHHAS TECT-CUCTEMA MOKET yCIIeIl-
HO MCIIOJIb30BATLCA OJdA onpenenaenus 250HD
B CEPOJIOTUUECKUX 00pasIax.

Kntouesvie cnoea: 25-rupgpoxcuBuraMuH Ds,
VUMMYHOSH3UMHBI aHAJIN3, IIOJUKJIOHAJIbHEIE
aHTHTeJIA.





