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DIAPHONIZATION AS AMETHOD OF MODERN MORPHOLOGICAL
RESEARCH

JTA®OHIZALIA AK METOA CYHACHUX MOPDOJOI'TYHUX
JOC/IIIKEHDb

Pe3tome. Y crarTi po3misiHyTO HiadOHI3AMIIO SIK OHMH i3 METOAIB MOP(OIOTIYHHAX JTOCIIKEHb y MPOIIeCi BH-
BYCHHS KpOBOIOCTauaHHA MO3Ky. [IpoaHanizoBaHo iCTOpil0 BIIPOBAaKEHHS 1IOTO MeToxay, chepu Horo 3a-
CTOCYBaHHS, KJacu(]piKoBaHO BiAMOBITHO 10 00’€KTIB mocCHiKeHHs. Hamu BHUIineHO mepeBaru 3acTOCyBaH-
Hsl MeToy niad)oHi3allil JJ11 BUKOHAHHS JTIOCIKCHB 1 3 OCBITHBOK METOI0. TaKoK Ha OCHOBI CTaHIApTHOTO
MIPOTOKOJTY TpOBeNeHHs iadoHi3amii CTBOPEHO OHOBIEHHUI HOTO BapiaHT, aalTOBaHWI caMe ISl BUBYCHHS
MO3KOBOTO KPOBOIOCTaYaHHS. Y BIOCKOHAJCHOMY HaMH MPOTOKOMNI 3MiHEHO MPOMOPIIi BiANOBIIHUX pevo-
BHH, BUKJIFOUEHO YH SIKICHO 200 KiJIbKiCHO 3MiHEHO TI€BHI €Taly BUTOTOBJICHHS IIPETapary; 3MiHA BHOCHIINACS
3 ypaxyBaHHSM TiCTOJIOTIYHOI Ta FiCTOXIMIYHOT CrienU(iKy TKAHUH TOJIOBHOTO MO3KY Ta 3 METOK) MaKCUMaJib-
HOTO BIOCKOHAJICHHS BUAMMOCTI BIMTOBITHUX CTPYKTYp y mpemnapari. OKpiM OMUCY eKCTIEPHUMEHTaIBHOTO J10-
CIIIJDKEHHS Ta 3MIHEHOTO MPOTOKOJY, HAMH OKPECIIEHO OKpeMi CrocoOu 3acTOCYyBaHHS BacHE TOTOBUX TIpe-
MapariB y HaBYAILHOMY TpOIieci 3100yBaviB OCBITH, a TaKOK iX BUKOPHCTAHHS y Kojlaboparii 3 CydacHUM
HaBYAJILHUMH CHCTEMaMHy TpUBUMIpHOi aHatomii (Artec Space Spider scanner, Anatomage virtual anatomical
table Ta iH.) Ta iHIII TIEPCIEKTUBH HayKOBHUX CIPOO.

Kurouogi cioBa: miadonizaiis, apTepiaibHi B3aEMO3B’ I3KH, KpOBOTIOCTavaHH M0o3Ky, 3D mMozemi, Mopdoio-
Ti9HI 0COOIMBOCTI, MOPIBHSIbHA AHATOMISL.

One of the urgent medical and biological
problems is the study and establishment of signs of
comparative anatomy of the arterial relations of the
human brain stem of adult people and some laboratory
animals. Phylogenetic changes in the structure of the
human body and the features of the blood supply
of various organs and systems objectively deserve
special attention for the improvement of the scientific
overview of the morphological features of the blood
supply of the human brain and some laboratory
animals and the further usage of research results
in scientific experiments, educational projects and
clinical modeling of pathologies and diseases, related

to the blood supply of the brain. Such significance of
this vector of research, first of all, requires qualitative
improvement, optimization and modernization of
research methods taking into account some anatomical,
histological, biochemical, technical, etc. factors,
influencing the results of experiments and of the
research in general. Despite the fact that the variability
of the distribution and individual variability of vessels,
the values of the diameters of arteries are described
in many works, in the available to us literature there
is no data about the changes in some anatomical
characteristics of arteries in comparative anatomy
relations of adult people and some laboratory animals.
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Purpose of the research. The study was carried out
to clarify some specifics and to classify the ways of using
the diaphonization as a modern morphological method,
to remark the ways of using diarhonized preparations in
the educational process using some modern technologies.
Aim of the experiment is to identify the sources of blood
supply, relationships and anastomoses of the arteries of
the brain of humans and animals.

Material and methods. To conduct our
experimental study, a brain was taken from a laboratory
corpse purebred white rat aged 5 months. The rat’s
corpse was taken away the vivarium of KhNMU
under the agreement on scientific cooperation. The
research method was used in compliance with the
rights of experimental animals, in accordance with
the legislation in the law of Ukraine and international
ethical requirements and does not violate ethical norms
in science and standards of conducting biomedical
research. The study was conducted at the Department
of Human Anatomy and Physiology named after Doctor
of Medicine, Prof. Y. R. Synelnikov of H. S. Skovoroda
Kharkiv National Pedagogical University.

Results of the research. Modern scientific and
technical progress has contributed to the appearance
of a significant number of methods for researching
the vascular system of the brain. However, their small
number makes it possible to see a complete picture of
their mutual locations both on the surface and inside the
organ without violating the integrity and in accordance
with their real topography. One of the modern research
methods, which makes it possible, is diaphonization.

For the first time, the diaphonization technique
was invented in 1977 by German scientists
G. Dingerkus and L. D. Uhler and became known as
the «cleaning and staining» method. Gradual further
changes in the technique of its implementation
contributed to the modification and improvement
of the method. In general, diaphonization consists
in creating peculiar models of body parts or fairly
small organisms with the help of stepwise exposure
of various substances (mainly proteolytic enzymes to
achieve the transparency of certain structures and dyes
to color others) on the samples [1]. In modern scientific
studies, unfortunately, diaphonization is rarely used and
is more known and popular as a form of art, as a way
of making extraordinary decorative objects, using the
bodies of various animals, and not for research works
with scientific and educational purposes.

Considering the scientific vector of the usage of
diaphonization, we can distinguish three directions:
botanical, zoological and odontological.

In botany, diaphonization is used to identify
specific structures (trichomes, localization of stomata)
in the epidermis of plants [2, 3]. The method of

conducting such research includes the collection of
plants, the isolation of vegetative organs (mainly
leaves) and further processing. The obtained samples
after diaphonization are analyzed by mathematical
modeling to obtain digitized results for the purpose
of their further analysis. Thus, diaphonization in the
context of botanical studies is one of the ways of the
complex study of plant structures.

Using of diaphonization in zoology involves
the usage of this method mainly for the study of bone
and cartilaginous structures of vertebrates (reptiles,
amphibians, fish, small mammals, etc.) as one of the
leading methods of studying the skeleton without
violating the integrity of the skeletal system for its full
study. [4-6]. In this context diaphonization makes it
possible to study age-related changes in the structure
of the skeleton and to identify pathological changes and
general patterns of development associated with the
processes of bone calcification. For example, with the
help of the diaphonization method, it becomes possible to
detect not only ontogenetic disorders in the development
of the musculoskeletal system of animals, but also the
consequences of metabolic disorders (primarily calcium
metabolism) by detecting the difference in staining of
samples taken from animals with congenital pathologies
or experimentally removed organs. At the same time,
the diaphonization method is defined as one of the most
effective and more appropriate for this type of research
than X-ray studies and computer tomography.

Odontological vector of the usage of
diaphonization consists in studying the root
canal of the tooth with its help for the analysis of
morphological features. The technology of this type
of research involves the preparation of a diaphonized
sample and its further study by the method of
observation under a binocular magnifier and the
naked eye and description, mainly for scientific and
educational purposes. This direction of diaphonization
was practically used as one of the methods of
preparing future dentists in institutions of higher
education. The success of this experience allows us to
consider diaphonization as a promising method for the
production of educational anatomical preparations [7].

In our opinion, diaphonization is a promising
and relevant scientific method, which has a number
of features that are advantages for a more qualitative
study of body structures, including blood vessels, their
topographical relations both in the whole body and in
individual organs. Firstly, an important factor is the
clarity of the structures on the preparations made in this
way, which is especially important for their detection
among other structures at the stage of studying their
localization and structure. Secondly, it is important to
study the integrity and undisturbed location of blood
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vessels close to their real course in a living organism.
Preparations, which were made with the diaphonization
method make it possible to see the structures of an organ
or organism «in situ», which excludes the possibility of
partial distortion of the real topography, structure and
structure of certain parts that are lost during normal
preparation. Thirdly, we consider the safety factor to
be one of the most important: using of a ready-made
preparation for the study of certain structures does not
involve direct contact with substances that can directly
or indirectly harm the researcher’s health, for example,
formalin vapors during classical research.

For the completeness of our research, we
suggested to start by considering the standard
technique of diaphonization [8], which we took
as a basis for the further formation of an updated
protocol, optimized taking into account the
characteristics of brain tissues. So, this technique
consists of two stages. At the first stage, the soft
tissues are «cleaned» by immersing them in a solution
of trypsin — a digestive enzyme that slowly destroys
the soft membranes of the sample, with the help of
which we achieve the desired transparency for the
visibility of colored structures. Afterwards, alizarin
red and alcian blue are most often used for coloring.
Presenting the diaphonization process in the form of
a protocol, we highlight the following stages:

1. Sample preparation.

2. Fixation by 10% formalin solution.

3. Ablution.

4. Cartilage staining (Alcian Blue).

5. Dehydration (carrying out through alcohols
30, 50, 70, 90, 96.6% concentrated.

6. Decomposition by trypsin.

7. Bone staining (alizarin red).

8. Enlightment (0.5 KOH + glycerin (1:3) +
peroxide of hydrogen (1:100)).

9. Place the samples in this bath for 7 days (fig. 1).
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Fig. 1. Diaphonized preparations

In order to achieve the aim of clarifying the
brain substance with the diaphonization method, we

made some changes to the standard protocol of the
technique. These changes were primarily determined
by the specificity of nervous tissue, which has its own
characteristics related to connective tissue and muscle
tissue. This specificity consists in the elemental
composition and ratio of inorganic and organic
substances in the corresponding tissues. Actually,
glia and myelin of nervous tissue are very difficult to
undergo the process of chemical enlightenment, which
requires special physical and chemical influences.
Therefore, in order to achieve the goal of the study,
we experimentally made some changes in the
diaphonization technique, having previously learned
the standard protocol and adapted it according to the
histological specificity of the studied organ (fig. 2).

Fig. 2. Naked rat’s brain

Our research protocol (methodology of brain
diaphonation with arteries filled with tinted latex) is
as follows:

1. Sample preparation consists in filling the arterial
vessels of the brain with the special substances. The
consistency of these dyes, the quality of their coloring
and the coagulation time are optimal for working
with our samples. Tinted acrylic latex (3060 LBS,
SYNTHOS DWORY). Acrylic paint for silk, batik
Decola (red color) was used as a dye. Arteries were
filled with a disposable 2.0 ml syringe through a KD-
FIX catheter, G 18 1.3 x 45 mm, which was previously
fixed with a ligature. The tinted latex was injected
through the carotid and vertebral arteries (fig. 3).

Fig. 3. Filling the blood vessels with dyes
2. Fresh brain was not fixed with formalin.
3. Ablution was also not carried out.
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4. Our research object does not contain
cartilaginous tissue, therefore, accordingly, staining
was also not carried out (Alcian Blue was used in the
primary protocol).

5. Accordingly, without taking into account the
missed stages, the next stage is dehydration, which is
actually passing through alcohols. In our variation, the
step-by-step passage of the sample through alcohols
was shortened compared to the classical method: we
used alcohols of 50%, 70%, and 96.6% concentrations.

6. As for the trypsin digestion step, we also
optimized the method of its implementation. In
particular, we doubled its amount and periodically
heated it in a water bath at temperature of 60°C (fig. 4).

Fig. 4. Rats preparation in the process of diaphonization

7. Bone staining with alizarin red dye was not
carried out, since the material we studied does not
contain bone tissue.

8. We also made the necessary corrections
regarding the stage of enlightment of the sample: to
improve the obtained result, it was carried out with
double the amount of KOH, glycerin and hydrogen
peroxide and with an increased duration, namely for
10 days (fig. 5).
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Fig. 5. Sample preparation process

9. After that, the preparation was placed in a 20%
glycerin solution for permanent storage (fig. 6).

Fig. 6. Preparation placed for permanent storage

On the obtained preparation of the diaphonized
brain of a laboratory white rat, it becomes possible to
detect the contours of arteries filled with dyed latex,
their branches and the relations between them both
on the surface and in the depth of the brain substance,
which determines the effectiveness of the theoretically
and experimentally justified changes to the standard
protocol (fig. 7).

Fig. 7. Preparation of the brain (outside vessels are
visible)

A separate vector of using diaphonized
preparations can be considered in their using with the
help of modern technologies, which is promising both
for scientific research and for full-fledged training of
students. 3D models can be created from the obtained
preparations using the Artec Space Spider scanner,
which will make it possible to study the arteries of
the brain using the capabilities of Artec3d program
and to get printed 3d models based on the center of 3D
technologies of the Educational and Scientific Institute
of Education Quality of Kharkiv National Medical
University, as well as to add research materials to the
database of simulation preparations in the system of
the Anatomage virtual anatomical table, which can
be used while studying comparative anatomy of the
nervous and vascular systems. Such broad possibilities
for the usage of diaphonized preparations are another
confirmation of the relevance and perspective of
this method of research and the need for further
development in this direction (fig. 8).
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Fig. 8. Process of preparation scanning

Conclusion. Diaphonisation as one of the
morphological methods of research is observed in
the vectors of studing the blood supply of the brain
and also in different vectors of its usage. Difference
between classical method of diaphonization and
method of brain vessels diaphonization are discussed
and the changes in the protocol are justificated
according to some histological and morphological
specifics. Odontological, botanical, zoological ways
of using diaphonization are analysed. Advantages
and modern ways of using of obtained diaphonized
preparations in collaboration with 3D modeling and
educational equipment (Artec Space Spider scanner,
Anatomage virtual anatomical table, etc.) and other

persrectives of using of diaphonization method are
sketched.

Perspectives of further research. Using of the
diaphonization method with some introduced by us
changes, allows getting preparations of enlightened
brain with blood vessels, which has been proven
experimentally. It gives possibility to use ready-made
preparations for a more detailed and holistic study arterial
relations in the blood supply of the brain, namely its stem
parts. Also, on the basis of the obtained preparations is
that this method can be used to make biomechanical
models of the arteries of the brain stem with various
variants of their configuration and branching of both the
brains of laboratory animals and humans.
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DIAPHONIZATION AS AMETHOD OF MODERN MORPHOLOGICAL RESEARCH
Abstract. In the article diaphonization is discussed as one of the methods of morphological research in the
direction of the study of blood supply to the brain. The history of the research of this method is analyzed, the
areas of its application are classified according to the research objects. We have highlighted the advantages
of using the diaphonization method for research and educational purposes. Also basing on the standard
diaphonization protocol, an updated version of it was created, adapted specifically for the study of cerebral
blood supply. In the protocol improved by us, the proportions of the relevant substances have been changed,
certain stages of the preparation have been excluded or quantitatively changed; changes were made taking
into account the histological and histochemical specificity of brain tissues and with the aim of maximally
improving the visibility of the corresponding structures in the preparation. In addition to the description of
the experimental study and the modified protocol, we have outlined some separate methods of using ready-
made preparations in the educational process of students, as well as their usage in collaboration with modern
educational systems of three-anatomy (Artec Space Spider scanner, Anatomage virtual anatomical table, etc.)
and others research perspectives.

Key words: diaphonization, arterial relations, blood supply of the brain, 3D models, morphological features,
comparative anatomy.
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