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Introduction. Instrumental methods of analysis (chromatographic,
electrochemical sky, spectrometric), used for detection and quantification division of
medicinal substances in biological logical liquids, as a rule, require preliminary sample
preparation.

The use of specific mutual antigen-antibody interactions allowidentify and
quantify new definition of a large range of target analytes. Since the reaction conducts
directly in the bioliquid, then not additional application required isolation and
purification methods. Methods of immunochemical analysis make it possible to
simultaneously analyze a large number of samples, which is convenient for the
purposes of express analysis.

Enzyme immunoassay is widely used to determine medicinal substances and
their metabolites. This article discusses the history of development, the possibility of
using enzyme immunoassay.

History of development enzyme immune analysis

In 1959 R.S. Yalow and S.A. Berson proposed an immunological method for the
quantitative determination of insulin in human serum. The method is based on
competition between unlabeled insulin and 1311 labeled insulin for the number of
binding sites on insulin antibodies. The amount of insulin in plasma is inversely
proportional to the amount of labeled insulin bound to the antibodies. The ease of
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measuring low levels of radioactivity, the high specificity of the binding of the analyte
by antibodies were the basis of a new method called immunological.

Along with the advantages (universality, selectivity and specificity, sensitivity
and ease of implementation), radioimmunoassay (RIA) also has disadvantages. The
main disadvantages include: short half-life of isotopes, danger to health when working
with isotope labels, radiation damages the structure of labeled molecules, the difficulty
of automating RIA, etc.

In 1971, E. Engvall, R. Pelmann, V.K. van Veemen and A.N. Shuurs proposed
another type of sensitive and versatile labels for immunoassays - enzymes.

Enzyme labels are the most sensitive and versatile, as they are protein molecules
with a powerful catalytic effect. Most enzyme labels are capable of converting 10
substrate molecules per 1 enzyme molecule into products in 1 min. The catalytic
activity of an enzyme depends significantly on its three-dimensional structure
(configuration). Another advantage enzyme labels due to the presence their molecules
contain numerous functional groups (amino groups, carboxyl, sulfhydryl, tyrosine
residues) through which ligand molecules can be attached.

The activity of the label in the fraction is measured after the separation of labeled
and unlabeled antigens bound to antibodies free antigens. This method is referred to as
immunoassay with separation of components and is called heterogeneous enzyme-
linked immunosorbent assay (ELISA — Enzyme Linked Immunosorbent assay).

Designed by K.E. Rubenshtein et al. in 1972 y. analysis does not require
separation of antibody-bound and free antigens. This method measures the specific
activity of an enzyme when antibodies bind to labeled antigens. This method is called
homogeneous immunoassay, since such an assay does not require heterogeneous
phases to separate bound and free antigens. A more appropriate term for such a method
1s “separation-free immunoassay”.

Enzyme immunoassay without separation of components using lysozyme as an
enzyme label was proposed for the determination of morphine. The method was called
homogeneous ELISA, since in this method there is no need to separate the forms of the
enzyme-labeled antigen (the free form of the antigen and associated with antibodies).

The antigen (morphine) in the sample competes with the enzyme-bound antigen
to form a complex with the antibodies. The resulting Ab-Ag-E complex has
has low enzymatic activity. In the presence of an antigen in the sample, the Ab-Ag
complex, part of the Ag-E remains in an unbound state and catalyzes the transformation
of substrates into products. In this variant of ELISA, enzymatic activity is directly
proportional to the amount of free antigen in the sample.

ELISA with separation of components (heterogeneous analysis) is characterized
in that the enzyme-labeled antigen (Ag-E) competes with the antigen of the analyzed
sample for a limited number of antibodies located (immobilized) on a solid carrier.
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After incubation (specified temperature and duration) separate the complex Ag-E-Ab
from free Ag-E and analyze the fraction associated with antibodies.

ELISA with separation of components has high sensitivity. For example, ELISA
with component separation allows you to determine ferritin with sensitivity
up to 2x10-19 M.

There are two types of enzyme immunoassay heterogeneous methods -
competitive and non-competitive (sequential) analysis.

Sequential heterogeneous analysis consists of two stages. In the first step,
antibodies adsorbed on solid carrier, interact with the antigen or some other analyzed
protein. Unbound components are washed off and a solution containing enzyme-
conjugated antibodies is added. Then the unbound components are washed (second
stage) and the appropriate substrate is introduced into the system to carry out the
enzymatic reaction. In a competitive heterogeneous assay, enzyme-labeled and
unbound antigens compete with antibodies immobilized on a solid support.

After incubation, wash off the excess unbound components and into the system
introduce the appropriate substrate. During immunoassay analysis, it iS necessary to
take into account the influence a number of factors: nature and method of preparation
of the carrier, type and content of the conjugated enzyme, sequence of reactions,
incubation time, the possibility of manifestation of “matrix effects".

To date, many ELISA technologies have been developed that combine the use
of enzymes as labels and the possibility of their detection using appropriate enzyme
systems. Modern works devoted to ELISA consider various aspects of the structure of
immunogens (hapten design, choice of carrier protein), type of antibodies obtained
(polyclonal, monoclonal) and ELISA format.

Antibody production and purification

One of the main stages of development any immunoassay technique - obtaining
specific antibodies to the antigen being determined. To a large extent, the sensitivity
and specificity of the analysis technique depends on the quality of antibodies. In
immunological studies, it is often necessary to obtain purified antibody preparations,
I.e. antigen-specific or non-specific immunoglobulins.  Antibodies are obtained by
immunizing animals (mice, guinea pigs, rabbits) with the appropriate antigen.

Isolation of non-specific immunoglobulins from serum is usually carried out by
sequential protein fractionation, which includes the following steps: precipitation of
gamma globulins in 30-50% ammonium sulfate solution, gel filtration to obtain
molecules of the appropriate size, ion exchange chromatography to isolate molecules,
carrying a net positive charge at neutral pH, affinity chromatography using natural
immunoglobulin ligands.

Isolation of antigen-specific immunoglobulins is carried out by affinity
chromatography. The antigen is "sewn" to the particles of sepharose and the "pure"
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antibodies bound to it are eluted from the immunosorbent buffer solution (glycine-HCI)
or sodium thiocyanate solution. Affinity chromatography is also used to obtain purified
antigen preparations. One cycle of affinity chromatography allows you to purify
proteins by 1000 times or more.

However, even this purification method does not completely eliminate the
heterogeneity of the antibody preparation. The way out of this difficulty is to obtain
antibodies with one specificity, reacting with a single antigenic determinant. Such
antibodies are called monoclonal. They are obtained by cell engineering methods by
hybridization of immunocompetent B lymphocytes and myeloma tumor cells capable
of rapid reproduction, an unlimited number of divisions (unlike most non-tumor cells,
in which the number of divisions is limited). Preparations of monoclonal antibodies are
characterized by the constancy of the composition and physico-chemical properties,
low probability of cross-reaction with "foreign" antigens. This is a high tech product.
Its disadvantage is often a relatively low affinity for the substrate, low affinity.

Synthesis of immunogens

An immune response occurs in the body only with the introduction of a
compound whose molecular weight exceeds 3000. Therefore, obtaining antibodies to
low molecular weight antigens is complicated by the fact that they themselves do not
induce the formation of antibodies. To convert small molecules into an immunogenic
state, they can be aggregated into larger particles or attached to a carrier protein (i.e.,
synthesize an immunogen). The most common carrier protein is human or bovine
albumin.

Obtaining enzyme conjugates

Most commonly used in ELISA enzymes: horseradish peroxidase, alkaline
phosphatase, [-galactosidase, acetylcholinesterase, catalase, urease, glucose-6
phosphate dehydrogenase, malate dehydrogenase and etc. (Table 1).

Enzymes used in ELISA must meet a number of general requirements:

- high specificity and specific catalytic activity of the enzyme, which makes it
possible to detect the enzyme label at low concentrations;

- the availability of enzymes, the possibility of obtaining sufficiently pure
enzyme preparations, stability during storage and after modification;

- the enzyme must not be present in analyzed biofluid;

- simplicity and sensitivity of the method for determining the products of the
enzymatic reaction.

Enzyme activity is detected by changes in optical density, fluorimetric and
electrochemical methods.

The development of ELISA methods is associated with the need to obtain
conjugates of marker enzymes with antigens or antibodies in which the antigen or
antibody retains immunological activity and does not inactivate the enzyme. However,
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all the main approaches used for the chemical conjugation of proteins and haptens lead
to partial inactivation of enzymes and heterogeneity of conjugates, which affects the
specificity and sensitivity of enzyme immunoassay. Genetic engineering methods can
be used to obtain recombinant conjugates of proteins with antibodies. Such conjugates
have a number of advantages: they are homogeneous in composition, have a 1:1
stoichiometry, retain the functional activity of both the marker protein and the
antigen/antibody, as well as reproducibility and relative ease of preparation.

Table 1
Enzymes used in ELISA
Enzyme Indicator system Registration Method
enzyme activity
horseradish peroxidase H>0./chromogen (o- photometric,
phenylenediamine, fluorimetric,
5-aminosalicylic acid) chemiluminescent,
electrochemical
alkaline phosphatase 4-nitrophenyl phosphate photometric,
fluorimetric
B-galactosidase 2-nitro-p-D-galactoside Photometric
Acetylcholinesterase acetylcholine/5,5'- photometric
dithiobis (2-
nitrobenzoic acid)
glucose-6- NADP+/NADPH photometric,
phosphate dehydrogenase fluorimetric
glucose oxidase H20./chromogen Photometric

ELISA variants and examples definitions

The choice of ELISA technology depends on a specific applied problem to be
solved by the analysis. Often, in a chemical-toxicological study, it is sufficient to
establish only the fact of the presence or absence of substances in the samples.

Sometimes, however, it is important to determine the concentration of
substances in samples with high accuracy.

Promising variants of ELISA used in practice are ELISA technologies (Enzyme
Linked Immunosorbent Assay- heterogeneous enzyme-linked immunosorbent assay),
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EMIT (Enzyme Multiplied Immunoassay Tests), CEDIA (Cloned Enzyme Donor
Immunoassay - cloned enzyme-donor immunoassay), KIMS (Kinetic Interaction of
Microparticles in Solution — kinetic interaction of microparticles in solution).

In the literature, there are numerous reports on the use of ELISA for the diagnosis
and determination of narcotic and medicinal substances in various biological fluids.
The minimum detectable concentrations for sulfanilamide preparations (sulfamerazine,
sulfatiazole, sulfamethazine, sulfadiazine) were determined, lisinopril, enalapril,
derivatives of barbituric acid, derivatives of benzodiazepines, morphine,
amphetamines, cannabinoids. There is evidence of the use of ELISA for the analysis
of post-mortem blood for the presence of cocaine and opiates.

Currently, ready-made commercial kits of reagents are being produced that allow
the detection of medicinal substances with a guaranteed detection limit of 300 - 500 ng
/ ml from Syva (USA), F. Hoffmann-La Roche Ltd (France), IPAV RAS (CIS), Abbot
(USA). Commercial diagnostic kits are predominantly based on the principles of solid
phase ELISA. Most of the kits produced use polyclonal antibodies, since their
production involves with less cost. The kits are most often implemented on microplates
or in test tubes.

Possible sources of error ELISA

Errors that occur in the determination of medicinal substances by ELISA can be
due to a number of reasons. The biological fluids used for analysis can affect the
activity of the enzyme-marker due to the salt composition, which changes the pH value
and ionic strength of the analyzed sample.

The result of the analysis may be affected an admixture of an endogenous
enzyme or salt forms of metabolites that lose the ability to compete in an
immunological reaction due to protein binding biofluids.

The possible entry into the reaction mixture of chemical inhibitors of proteins
should be avoided. Many heavy metal salts, such as mercury-containing preservatives,
are enzyme inhibitors. Anticoagulants, EDTA, and some drug metabolites also reduce
enzyme activity.

So, for example, ELISA tests can give false negative results if preservatives are
present in the sample (sodium acid, sodium benzoate, which are added to preserve the
samples), since the preservatives used block the activity of the horseradish peroxidase
enzyme.

A special specific problem of determining medicinal substances by
immunochemical methods of analysis is cross-reactivity or cross-reaction (binding of
structurally related substances). Cross reactivity for analytes should be confirmed.
Most manufacturers investigate potential interfering substances and a list of them is
included with the immunokits.
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The blood of the deceased decomposes over time, producing biogenic amines
that cross-react with antibodies in immunoassays, which also leads to false positive
results.

To avoid false positive results, it is required that all specimens positive in
immunochemical tests be confirmed by others. methods (thin-layer chromatography,
gas chromatography, high-performance gas chromatography, chromato-mass
spectrometry).

Conclusion. A number of advantages of enzyme immunoassay analysis (high
sensitivity, specificity, small sample volumes, speed of analysis) make it possible to
use it as a preliminary method for screening diagnostics of drugs and narcotic
substances in biological media.

LITERATURE

1. Ummynodepmentusiii ananus: [lep. c anrn. / Ilox pen. T. Hro, I'. Jleaxodda. — M.:
Mup, 1988. — 446 c.

2. Teopuss m mpaktuka mMMyHOodepMeHTHoro anaim3a / A.M. Eropos [m ap.]. —
M.:Bricmr. mkona, 1991. — 288 c.

3. Spunun, A.A. Ummynonorus / A.A. Spunmun. — M.: TOOTAP-Menua, 2010. — 752
C.

4. Poiit, A. Ummynonorus. Ilep. ¢ aurn./ A.Poit, Ix. bpoctodd. J.Meiin. — M.:
Mup, 2000. — 592 c.

5. UMMyHOXMMUYECKHE METO/IbI ONIPEACIICHUS CYb(aHUIaMUIHBIX TpenapaTosB /

6. U.C. Hecrepenko u [np.] // XKypnan ananmutnaeckoit xumun. — 2009. — T. 64, Ne 5.
—C. 453-462.

7. bepnusposa, llloxuna lllykypymiaeBna, FOcymnos [lyxpar A6aypacynoBud, and
OcynoBa  Hapruza  AOGaukoaupoBHA. "KIIMHUKO-JIABOPATOPHAA
XAPAKTEPUCTUKA XPOHHUYECKOI'O I'EMATOT'EHHOI'O
OCTEOMMUMEJINTA." [IBecmnux nayxu u oopazosanus 10-2 (113) (2021): 63-66.

8. bepmusposa IILII., and HOcymosa H.A. "AJIKOI'OJUIM BA BHPYCJIA
T'EIIATUT VYUYYH BAB3U JIABOPATOPUS KVYPCATKHUYJIAPUHU
TAKKOCJIAIIL TAXJIWIN." /I XKyprnan eenamo-eacmposumeponocuueckux
uccneoosanuti 1, no. 3 (2020): 20-23.

9. bepauspora III.II., Kcymos III.A., Hazaposa I.II "KJIIMHUKO-
JIABOPATOPHBIE OCOBEHHOCTU XPOHUYECKOI'O TEMATOI'EHHOI'O
OCTEOMMUMEJIUTA". [//Central Asian Research Journal For Interdisciplinary
Studies (CARIJIS) Issue 5 | May, 2022. (116-125 cT)

10./lamurOB @. A. 1 Ap. JIMarHocTUKA ¥ JICUCHHE HHTPaadJOMUHAIIBHON TUITEPTCH3UN
npu oxxoroBom moke //XKypuan Heornoxnas xupyprus um. MW Jxanenmmnze. —
2021. — Neo. S1. — C. 19-20.

11. JamunoB @. A. u ap. Xupypruueckas TaKTUKa JedeHUs: AU (PPy3HO-TOKCUIECKOTO
300a //Akagemuaeckuii sxyprain 3amangaon Cuoupn. —2013. —T. 9. —No. 1. - C. 21-
21.

AT,
WWW https://scientific-jl.org/ 155 49-son_1-to’plam_Noyabr-2024



155N:3030-3613 \Lﬁll TADQIQOTLAR jahon ilmiy — metodik jurnali

TADQIQOTLAR

12. lamunoB @. A. u ap. Xupyprudeckas TakKTHKa JedeHHs TUPHy3HO-TOKCHIECKOTO
300a //Axagemudeckuii xxypHan 3anagnoi Cubupu. —2013. —T. 9. —Ne. 1. - C. 21-
21.

13. AymanoBa I'. A. u gp. CoBpeMEHHOE COCTOSIHHE TMPOOJEMBbl MaCCOBBIX
MMMYHOJIOTHYECKUX oOcienoBanuii //O6pazoBanne u Hayka B Poccum u 3a
pyoexom. — 2020. — Ne, 12. — C. 62-74.

14.Dushanova G. A., Nabieva F. S., Sadinova M. Zh., Nurmatova DM Analysis of the
relationship between parameters of immune homeostasis and the state of the LPO-
AQS system //Bulletin of Science and Education. — 2021. — Ne. 2. — C. 105

15.KyaparoBa 3.3., KyBanmmgumkoB I'.b. IlutomeramoBupyc HHGEKIUICHHUHT
3aMOHaBUHN KIJIMHUK-TAa00paTop Xapakrepuctukacu // buoMmenuimua Ba amasuer.
905-908, 2020.

16.Berdiyarova Sh.Sh., Yusupova N. A., Murtazaeva N. K., and lbragimova N.
S."Clinical and laboratory features of chronic hematogenic osteomyelitis".
/I Thematics Journal of Microbiology 6, no. 1 (2022).

17.IN Sabirovna, IB Fikriyevich, BS Shukurullayevna, Y1 Andreyevna Clinical picture
of hypoxic-ischemic encephalopathy in newborn with different gestation date //
Thematics Journal of Microbiology 6 (1), 2022

18.NS Ibragimova, BF lIbragimov, MA Mamadierova Polycystic Ovary Syndrome
Highlights // Vestnik nauki i obrazovaniya 2, 105, 2021

19.NS Ibragimova, BF Ibragimov, NA Yusupova, IA Yulaeva Course, complications
and outcomes of postponed pregnancy // European science, 50- 54, 2021.

20.Habuesa @&. C., HymanoBa [I. A., bo6okynmoB O. O. 3HaueHue
I/IMMYHO(I)epMeHTHOI“O dHaJlInm3a B JHUAIrHOCTHUKCEC I/IH(beKI_[I/IOHHBIX 3a0o0JieBaHnil
//BecTHUK Hayku U oO0pazoBanus. — 2021. — Ne, 4-1 (107). — C. 54-56.

21 . Vicomanunona JI. K., lamunoB ®@. A. CoBpeMeHHasi JabopaTopHas JTUarHOCTUKa
XpoHndeckoro nuenonedpura y gereit //Journal of new century innovations. —
2024. - T.49. — Ne, 2. — C. 112-116.

21. Isomadinova L. K., Kudratova Z. E. Clinical and laboratory characteristics of

vomiting in pregnant women in early pregnancy //Doctor’s herald journal. — 2023. —T.

2. - C. 52-56.

AT,
WWW https://scientific-jl.org/ 156 49-son_1-to’plam_Noyabr-2024


https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=JMkY2rUAAAAJ&citation_for_view=JMkY2rUAAAAJ:MXK_kJrjxJIC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=JMkY2rUAAAAJ&citation_for_view=JMkY2rUAAAAJ:MXK_kJrjxJIC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=JMkY2rUAAAAJ&citation_for_view=JMkY2rUAAAAJ:ufrVoPGSRksC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=JMkY2rUAAAAJ&citation_for_view=JMkY2rUAAAAJ:ufrVoPGSRksC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=JMkY2rUAAAAJ&citation_for_view=JMkY2rUAAAAJ:Se3iqnhoufwC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=JMkY2rUAAAAJ&citation_for_view=JMkY2rUAAAAJ:Se3iqnhoufwC

