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Abstract

This article provides a comprehensive overview of the formation and development stages of
methods for determining the species-specific characteristics of blood proteins, their theoretical
foundations, and practical significance in forensic medical examination. A comparative analysis
of the specific features of immunological and non-immunological methods is conducted, and in
particular, the diagnostic capabilities, sensitivity, and specificity of the precipitation reaction,
immunodiffusion in agar gel, and radial immunodiffusion methods are assessed. Furthermore,
the application of modern optical and laser technologies, their advantages, and prospects for
practical implementation are analyzed. The research results indicate the need to improve
methods for identifying blood traces in forensic practice.
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The problem of determining the species of blood holds an important place in forensic
medicine and biology. This issue not only sparks scientific interest but also has great practical
significance in solving crimes, identifying biological evidence, and identifying individuals.
Historically, the earliest methods for species determination of blood were based on simple
observation and empirical approaches. In particular, methods such as determining the smell of
blood, studying the morphological structure of dried bloodstains, and comparing the size of
erythrocytes were employed. Subsequently, methods based on the shape and physicochemical
properties of hemoglobin crystals were developed. However, these methods are characterized by
low levels of accuracy and reliability. For this reason, scientifically-based immunological
methods with high sensitivity and specificity are of paramount importance in determining the
species of blood today.

In modern forensic practice, methods for determining the species of blood are divided into
two main groups:

« immunological methods

* non-immunological methods

Immunological methods are based on the interaction between antigens and antibodies and
are distinguished by a high degree of accuracy and specificity. Non-immunological methods,
conversely, are based on analyzing the physicochemical properties of blood, and their diagnostic
capabilities are relatively limited. Immunological Methods and the Precipitation Reaction
Among immunological methods, the precipitation reaction holds a special place. This method is
based on the formation of insoluble complexes between antigens and antibodies and is widely
used in forensic practice.

Its main advantages include:

» relative simplicity of execution;

* providing a rapid result;

* convenience for practical application.

At the same time, the following shortcomings also exist:

« insufficiently high sensitivity;

* the occurrence of non-specific reactions;
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* complexities in examining small volumes of biological material.

The Problem of Non-Specific Reactions

One of the significant disadvantages of the precipitation reaction is the formation of non-
specific precipitates. This situation negatively affects the reliability of the analysis results.

Non-specific reactions are associated with the following factors:

» the effect of chemical substances (acids, alkalis, salts);

* environmental factors (wood, fabric, and other carrier surfaces);

» washing agents and detergents;

* contamination or degradation of the biological material.

Therefore, it is important to create standardized conditions in forensic medical research and
to minimize the influence of external factors.

Immunodiffusion Methods in Agar Gel

To improve the precipitation reaction, immunodiffusion methods in an agar gel medium
have been developed. These methods are based on the diffusion of antigens and antibodies
within the gel.

Main types:

* double diffusion (Ouchterlony method)

* simple diffusion

* linear immunodiffusion

Advantages of these methods:

* high specificity;

« the ability to examine contaminated and turbid samples;

» ease of visual assessment of the results.

Disadvantages:

* low sensitivity;

* requiring more time for analysis;

» the possibility of incorrect interpretation in some cases.

Scientific and Practical Significance of the Radial Immunodiffusion Method

The radial immunodiffusion method is one of the modern immunological analysis
techniques, distinguished by high sensitivity and accuracy.

In this method, antigens diffuse radially within the agar gel and react with antibodies,
forming ring-shaped precipitation zones. The diameter of these zones is proportional to the
quantity of the antigen.

Advantages:

* high sensitivity and accuracy;

* a high degree of specificity;

» the ability to analyze a small quantity of sample;

» the possibility of conducting quantitative analysis.

Although this method is widely used in immunology and laboratory diagnostics, it has not
yet been sufficiently implemented in forensic examinations.

Modern Technologies and Innovative Approaches

In recent years, high-tech methods for detecting immunological reactions have been
proposed.

These include:

* optical shift spectroscopy

* laser-based indicator systems

The advantages of these methods are:
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* very high sensitivity;

« the ability to detect micro-quantities of biological material;

» registration of reactions invisible to the naked eye.

For example, using optical methods, blood can be detected even when it is in a highly
diluted state.

However, the following factors hinder the widespread practical implementation of these
methods:

» the need for complex technical equipment;

* high economic costs;

* the complexity of the methodology.

Conclusion: Methods for determining the species-specific properties of blood proteins have
improved significantly in the course of scientific progress. Currently, the precipitation reaction is
used as the main method in forensic practice. However, its low sensitivity and the presence of
non-specific reactions necessitate the development of new, highly effective methods. Agar gel
immunodiffusion and especially radial immunodiffusion methods possess high specificity and
sensitivity and are regarded as a promising direction. Furthermore, the introduction of optical
and laser technologies will serve to increase the accuracy and reliability of forensic examinations.
In the future, scientific research in this area is expected to elevate forensic practice to a new level.
References

1. Amnronosa C.C. ['anekTuH-3 Kak IpeICcTaBUTENb CEMEICTBA JEKTUHOB POJIb B HOPME U

npu marojioru //MonekyisipHas MEIUIUHA: HAayYHO-TIPAKTHYECKUI J>KypHal. -M.
Menununa. —2004. — Nel. — C. 60-64.

2. AymeBa 3.W., IlomoeBa 3.A. Monmudukamus peaxuu aOCOPOIUU-ITIONUN MIPH
HCCIIeIOBAaHUM 3arpsiI3HEHHBIX OMOJIornuecKkux 00bekToB //Cya.-Men. skcneptusa. — M,
2003. —Nel. —C. 15-16.

3. AxmenoB T.K. HoBble BO3MOXHOCTH HCCIEIOBaHUS aHTUIEHOB KpoBU A| U Az B
cyaeOHO- MEMIIMHCKOM acrekTe. ABToped. Auc. ... KaHa. Men. Hayk. — T., 2008. — 24
C.

4. baboma A.B. JlektuHbl M mpoliiemMa pacro3HaBaHHUs (PUTONATOTEHOB PACTCHHEM —
xo3suHoM // XKypran obmeit 6nonorun. —2008. —T.69 — Ne5— C. 379-396.

5. bponnukoBa M.A. O npuMEHEHUHM HMMYHHBIX TE€MarrIIOTUHUPYIOIIHUX CHIBOPOTOK
aHTU-A M aHTU-B npu onpeneneHUH rpynmnoBOd NPUHAUIEKHOCTH KPOBU B CyJIeOHO-
MEIUIMHCKON TipakTuke // Borpocs! cynednoit Mmeauuuubl. — M., 1959. — C. 194-198.

6. bpomnmkoBa M.A., Kucun M.B., CrermeBa T.B. OcobGennoctu cynebHO-
OMOJIOTMYECKON SKCIIEPTU3bI CIEI0OB KPOBU Majioi BenuuuHbl. — M.: Menununa, 1982.
- C.78.

7. byparo 0. U., CocenkoBa E. H., Morpo E. b., Bumnskosa . C., bpeckyn H. b. K
BOIIPOCY OO0 HCIONBb30BaHMM peakuuu cmemanHoi arrmotuHauuu (PCA) mpu
OIpEJIeJIEHU! TPYIIOBOM MNPUHAMAICKHOCTH THWJIOCTHO M3MEHEHHBIX TpPYyNoB //
AKTyanpHBIE acleKThl cyneOnoit memununsl : CO. Hayd. pador. — Mkesck, 2000. —

BeII. 6. — C. 156-157.

8.  Bepmmropa A.E. OcHoBsl ummyHonoruu. — Kues, 1980. —C. 503.
345




ISSN NUMBER: 2692 - 5206 Volume 6. No 03. March ,2026

9. Bo3MmoxHOCTH M 3HaueHHe cylneOHo-meauuuHckoil cepoiorun /M.U. ITlotanos, I'.II.
Konoxomnosa, T.A. Kynpuna, H.H. Baruna // Cya.-men. skcnieptuza. — M, 1987. —Ne4.
—C. 37-41.

10. [ManumnoBa T.A. 'erepoduibHble aHTUTENA IPU NATOJIOTMYECKUX MpOLIEccax 4eIoBeKa
// UmmyHoOnorust. — 1987. —Nel. — C. 5-11.

11. HemsBur A.A., CemenoB b.®. B03MOXXHOCTH HCITOJIB30BaHUS KaJIbIIMH-3aBHCUMBIX
JEKTUHOBBIX  PELENTOPOB  AHTUICH-IPE3CHTUPYIOIUX  KIETOK JUIsl  CO3/aHus
MMMYHOTEPANEeBTUUECKUX MpernapatoB // Mukpo0, srua, ummyHosorus. —2004. —Nel. —
C. 79-83.

12. Jenesckuii YO.I1. K usyuenuto npupossl A1 1 A2 aHTUTE€HHBIX Pa3IMYUiA C TIOMOIIbIO
MOHOKJIOHAJIBHBIX QHTHUTEN — POJIb MNIMKOIPOTEUHOBBIX M TJIMKOJUIMIHBIX SIHUTONOB B
ux popmuposanuu // [Ipoda. rematomn. —2005. —Ne4., — C. 42-50.

13. Jenesckuit FO.I1., 3unuenko A.A. ComnocTtaBieHUE aHTUIE€HHOro cnekrpa Ai-, Ax- u
Ax-3pUTPOLIUTOB — MHTUOMpPOBAaHME MaB IJIMKOKOHBIOTaTaMU  JIMIUJHOM U
MPOTEHMHOBON MPUPOIBI C PA3HBIMH M303JIEKTPHYECKIUMHE CBOiicTBaMu // UMMmyHomorusi.

—2007. — Nel2. - C. 48-53.

14. JIxananoB [I.JI. K Bompocy oOHapyXeHHs arrjJlOTHHMHOB B BOJIOCax wyelloBeka //
AKTyanmpHBIE  BONIPOCHI  CyJeOHO-MEAMIIMHCKOM  DKCIEPTH3Bl  BEUIECTBEHHBIX
nokasarenbcTB: CO. Hayu. Tp. — Tamkent, 1987. — C. 24-26.

15. Jxamanos JI.., A6aymnaeBa b.C. Crioco6 onpenenenus rpymnisl KpoBu cucteMbl ABO
Uit uaeHTuuKanuu TugHocTU. ABTOpckoe cBuaeTenbetBo Nel330779 ot 15 anpens
1987 r.

346




