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The article is devoted to the study of complex compounds - substances in which the central atom (usually a
metal) is bound to the surrounding molecules or ions ( ligands ). In the work shown the important role of these
compounds in biological systems using two key biomolecules as an example : hemoglobin and vitamin B12.
Hemoglobin and vitamin B12 are discussed in detail as examples of how complex compounds provide vital
functions in the body. In addition to describing their biological significance, the article includes a description
of experiments on the synthesis of various complex compounds, introducing us to the methods of their
production and study of their properties. The paper presents arguments confirming the importance of complex
compounds both in living organisms (their role in biochemical processes, transport of substances and
catalysis) and in inanimate nature (for example, in the catalysis of chemical reactions, materials science). It
is emphasized wide application complex compounds in medicine, where they are used in the diagnosis and
treatment of various diseases. Overall, the article provides a comprehensive overview of complex compounds,

covering their synthesis, properties, biological role and practical application .

1 INTRODUCTION

Complex compounds, or coordination compounds,
are molecules in which a central metal atom is bound
to ligands (organic or inorganic groups). They play a
key role in biological systems, participating in the
transport of substances, catalyzing reactions, and
maintaining vital functions. In veterinary medicine,
understanding these compounds helps diagnose and
treat diseases in animals. Notable examples are
hemoglobin (containing iron) and vitamin B12 (a
cobalt-containing complex).

Coordination chemistry (chemistry of complex
compounds) was long considered one of the sections
of inorganic chemistry; this was explained by the fact
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that most previously known coordination compounds
contained, as a rule, typical inorganic molecules and
ions in the form of compounds - ammonia, water,
nitro, thiocyanate groups, etc.

Experimental studies of inorganic complex
compounds began long before the development of
organic chemistry. After the creation of the
coordination theory of the chemistry of complex
compounds by Alfred Werner in 1893 , it began to
develop into an independent branch of chemical
science.

At the same time, the chemistry of complex
compounds became the object of study of the
following scientists: Tracer , Zeise , Jergensen ,
Graham , Klaus, Blomstrand , the school of A.
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Werner, and in the 20th century - L.A. Chugaev, I.1.
Chernyaev, A.A. Greenberg, Chatt , Nyholm ,
Fischer, Bjerrum .

At present, coordination chemistry can be
considered an intensively developing
interdisciplinary science.

Complex  (coordination)  compounds are
extremely widespread in living and non-living nature,
and are used in industry, agriculture, science, and
medicine. [3, p.6]

Understanding the biological role of chemical
elements is necessary for future specialists in the field
of medicine. The basics of bioorganic chemistry
allow one to evaluate the results of biochemical
analyses, the state of the environment and its impact
on the human body. [2, p.3]

According to V.I. Naumov: complex compounds
are substances in the nodes of the crystal lattice of
which there are complex ions or molecules capable of
independent existence both in solution and in the
crystalline state. [2, p.8]

Complex compounds are a large class of inorganic
and organoelement compounds. Many of them
perform important functions in biological systems. It
is worth noting that complex metal compounds are
very important for living organisms (animals, plants,
bacteria), in which the same particle, called porphine
, containing four pyrrole-like cycles connected by
=CH-groups, occupies four coordination sites.
Uncoordinated (“pure™) porphyrins do not exhibit
biological activity in the human body; they act only
in combination with metals. In an unorganized form,
porphyrins are found as pigments in eggshells, bird
feathers, and worm integuments.

Part of hemoglobin, myoglobin, cytochromes ,
catalase, and peroxidase , porphyrins act as
complexes with iron and heme ions . Chlorophylls
and bacteriochlorophylls  contain  magnesium.
Vitamin B12 and its related cobalamins contain
cobalt as a central ion.

A variety of biological and chemical materials were
used to study the biological role of the complex
compounds. The biological samples were blood taken
from farm animals, leaves of the tropical plant
Monstera, known for its rich chlorophyll content, and
pure vitamin B12 ( cyanocobalamin ), which served
as a reference sample. They were supplemented with
standard samples - highly purified human
hemoglobin, chlorophyll a and chlorophyll b, which
are key organometallic compounds that play a vital
role in the processes of oxygen transfer and
photosynthesis, respectively. Standard chemical
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reagents were used for chemical manipulations and
analysis: cobalt (I1) chloride hexahydrate , which
served as a control compound for comparing the
properties of the complex compounds, and a 10%
thiourea solution , which was used as an effective
chlorophyll extractant In addition, auxiliary
materials were used in the work: white filter paper, an
ashless filter for cleaning solutions and an alcohol
lamp for carrying out certain operations, for example,
for sterilizing equipment.

The methodological support for the study
included several stages. The analysis of hemoglobin,
the most important blood protein, included several
stages. First, the blood of farm animals was
centrifuged at 3000 rpm for 15 minutes, which
allowed separating erythrocytes - blood cells
containing hemoglobin. Then the erythrocytes were
washed three times with a physiological solution,
removing impurities of plasma and other blood cells.
After this, the erythrocytes were lysed with distilled
water in a ratio of 1:4, which led to the destruction of
cell membranes and the release of hemoglobin. The
final stage of hemoglobin analysis was
spectrophotometric measurement of the optical
density of the solution at a wavelength of 540
nanometers using a Specord 210 Plus
spectrophotometer . The obtained data were used to
construct a calibration curve in the concentration
range from 0.1 to 5.0 mg/ml, necessary for the
quantitative determination of hemoglobin in samples.

Chlorophyll analysis involved extraction of
pigments from crushed Monstera leaves using 10%
thiourea solution in the dark to prevent
photodegradation of chlorophyll. After extraction, the
mixture was centrifuged at 5,000 rpm to separate
soluble chlorophyll from insoluble plant tissue
residues. Vitamin B12 analysis required special
sample preparation . To remove proteins that could
interfere with the analysis, methanol was added to the
sample in a 1:2 ratio, after which the mixture was
centrifuged at 10,000 rpm to precipitate the proteins.
The resulting supernatant containing vitamin B12
was used for further analysis. All stages of the work
were carried out in compliance with strict laboratory
technique to ensure the reliability of the results. Thus,
an integrated approach to the study using various
methods and samples made it possible to obtain
comprehensive information on the biological role of
the complex compounds under study.



3 RESULTS AND DISCUSSION

In organisms, there are complexes in which some
hydrogen atoms in paraffin are replaced by methyl
and vinyl residues of propionic acid ( protoporphyrins
). There are 15 known possible isomeric structures.
However, the basic structure of this complex
molecule is preserved in many complex substances:
hemoglobin, cytochromes , vitamin B12. The metal
ion replaces hydrogen atoms in two pyrrole rings. The
bonds of the metal with four nitrogen atoms of the
other two pyrrole rings, which lie in the same plane,
are considered identical due to the resonance effect
[4].

A large number of biological systems are known
in the structure of which metalloporphyrins perform
the functions of initiator of one or another biological
process. For example, heme in the composition of
hemoproteins participates in oxygen transport
(hemoglobin), cellular respiration ( cytochromes ),
and peroxide utilization (catalase). The greatest
number of studies are devoted to hemoglobin, blood
hemin, and processes of reversible fixation of
atmospheric oxygen in biological and model systems.

Let's consider the functional features and
mechanisms of action of hemoglobin and vitamin
B12, as one of the important substances necessary for
the human and animal body. The consumption of
atmospheric oxygen by living organisms is a
biochemical process. Oxygen is transferred by
hemoglobin of erythrocytes from the lungs to the
muscles and is retained in the muscles by myoglobin.
Hemoglobin and myoglobin are iron complexes in
which the ferroprotoporphyrin ( heme ) group
contains Fe (111).

The fifth coordination number is occupied by the
imidazole nitrogen ( Im ) of the histidine residue,
through which the only bond of the heme group with
the polypeptide chain of the protein is realized. At
present, the amino acid composition and the sequence
of amino acids in hemoglobins, the sites of
attachment of heme particles , and the spatial
structure of hemoglobin (work of Perutz) are known.
Heme is localized in the gap between the protein
helices. One hemoglobin molecule, consisting of four
protein subunits (globules), contains four hemes and,
therefore, four iron atoms. Since oxygen in
hemoglobin is directly bound by iron, such a
molecule can, gradually becoming saturated, attach
four oxygen molecules. In the myoglobin molecule,
the polypeptide chain is coordinated by the iron of the
heme group in the same way as in hemoglobin.
However, unlike hemoglobin, the myoglobin
molecule consists of one protein subunit and contains
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one heme unit. The structures of the oxy and deoxy
forms are different, and this difference is not limited
to the fact that one contains oxygen molecules and the
other does not.

The coordination unit of Fe (N4) Nim is a square
pyramid with the iron atom located at a distance of
0.8 E from the base of the pyramid. None of the
nearby ligands (including H20 ) , except for
molecular oxygen, can occupy the sixth coordination
site. The O2 molecule cases the saturation of
hemoglobin with oxygen, or more precisely, the Fe
(1) ion. In this case, the Fe (N4) Nim complex is
transformed from a high-spin pyramidal state to a
low-spin one. octahedral distorted state with the
coordination unit Fe (N4) Nim (02 .

The iron atom after saturation with oxygen enters
the coordination plane N4 and is located
centosymmetrically . The structure of the protein in
hemoglobin is such that it prevents all other
molecules present in the blood from approaching the
Fe (II) atom and promptly regulates its donor-
acceptor properties. The exception is toxins - poisons
for the blood, which include carbon monoxide,
nitrogen oxides, methylene blue. Penetrating the
lungs with atmospheric air, carbon monoxide quickly
overcomes the capillary-alveolar membrane,
dissolves in blood plasma, diffuses into erythrocytes
and enters into a reversible chemical interaction with
both oxy- and deoxyhemoglobin :

HbO2 + CO = wpco + 02

Hb + CO = HbCO , where Hb is hemoglobin.

The resulting complex carboxyhemoglobin (
HbCO ) is not capable of attaching oxygen to itself.
In the hemoglobin molecule, CO is coordinated by an
iron atom, displacing O2. Up to four CO molecules
can attach to one hemoglobin molecule (or rather, to
its four hemes).

An important derivative of hemoglobin is
methemoglobin, in the molecule of which the iron
atom is in the oxidation state of +3. Methemoglobin
does not bind molecular oxygen. It is formed when
hemoglobin is exposed to oxidants (nitrogen oxides,
methylene blue, chlorates). The formation of
methemoglobin in the blood reduces the amount of
functionally important oxyhemoglobin in it and
disrupts the delivery of oxygen to tissues. Iron
complexes with porphyrins participate not only in
oxygen transport, but also perform many other
functions. Among them is the process of electron
transfer.

In the vitamin B12 molecule, the central cobalt
atom is bonded to the nitrogen atoms of four reduced
pyrrole rings, forming a porphyrin-like corrin
nucleus, and with the nitrogen atoms of 5,6-



dimethylbenzimidazole. The cobalt-containing part
of the vitamin molecule is a flat figure: perpendicular
to it is the nucleotide ligand , which, in addition to
5,6-dimethylbenzimidazole, contains ribose and a
phosphate residue at the 3rd carbon atom.

In humans and animals, vitamin B12 deficiency
leads to the development of malignant macrocytic ,
megaloblastic anemia. In addition to changes in the
hematopoietic function, avitaminosis at the age of 12
is also characterized by disorders of the nervous
system and a sharp decrease in the acidity of gastric
juice. It turned out that for the active absorption of
vitamin B12 in the small intestine, a necessary
condition is the presence of a special protein in the
gastric juice - gastromucoprotein , which binds a
complex of B vitamins. It is assumed that vitamin
B12 in such a complex enters the cells of the mucous
membrane of the ileum, then slowly passes into the
blood of the portal system, and the intrinsic factor is
hydrolyzed. Vitamin B12 enters the blood through the
portal system not in a free state, but in a complex with
two proteins called transcobalamins | and |1, one of
which acts as a depot of B12 (1), since it binds more
strongly to vitamin B12. Therefore, a disruption in the
synthesis of intrinsic factor in the gastric mucosa
leads to the development of vitamin deficiency in 12
people, even in the presence of a sufficient amount of
cobalamin in food.

Vitamin B12 is used clinically to treat not only
pernicious anemia, but also other forms of it —
megablock anemia with neurological disorders,
which usually does not respond to treatment with
other vitamins, in particular folic acid.

Based on the information obtained, we conducted
the following experiments to obtain complex

compounds.
Experience 1. Proof hydrated isomerism.
For experiment was prepared solution

hexahydrate chloride cobalt (I1) : CoCl », 6H20 = [
Co (H20) 6] 2" + 2Cl - Wet it V received solution
small piece white fabrics And dry it textile on stove,
V result what color fabrics changed With pink on blue
:[ Co (H20 6] % =[ Co (H 2 0)4] 2* + 2H20 Blue
textile processed water ferry, after what the place
where the water sprite ended up steam , again became
pink : [ Co (H20,4] % +2H20=[Co (H20) 6] %"
Experience 2. Selection chlorophyll from green
leaves. For discharge chlorophyll from green leaves
was a monstera leaf was taken , which was finely
chopped And filled ethyl with alcohol V vessel With
thin walls. Vessel heated up on water bathhouse, after
what alcohol became emerald green , What means
selection chlorophyll. Chlorophyll capable fluoresce
- He glows red V ultraviolet rays. This property
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chlorophyll Can use For spectacular demonstrations.
- But This Not chemistry, A art (artistry).
Fluorescence chlorophyll V ultraviolet light known
for a long time. That the same can be done say about
fluorescence chlorophyll under impact visible Sveta.
Concentrating sunlight on solution chlorophyll using
a lens, Can observe red fluorescence green solution.

Experiment 3. Quality reaction on vitamin B12.
Way founded on capabilities cobalt, included in the
composition vitamin B12, interact With thiourea at
high temperature With education green complex. On
ashless filter are applied 2-3 drops 10% solution
thioureas , dry out on alcoholic lamp, after what are
applied 1-2 drops solution vitamin B12 And again
dried. It is formed green ring.

4 CONCLUSION

Complex compounds are an integral part of animal
physiology. Hemoglobin and vitamin B
demonstrate how metal-containing molecules affect
health: from oxygen exchange to metabolic
processes. In veterinary medicine, knowledge of their
structure and functions allows us to effectively
combat anemia, poisoning and vitamin deficiencies,
improving the quality of life of farm and domestic
animals. Research in this area continues to expand the
possibilities of prevention and therapy, emphasizing
the interdisciplinary relationship between chemistry
and biology. All this proves opportunity use complex
connections V medicine And veterinary science, at
treatment following diseases: anemia, deficit zinc,
rheumatoid arthritis or as antimicrobial or antitumor
means. IN in the body animals He plays significant
role V in the process hematopoiesis, work red bone
brain And biosynthesis nucleic acids. IN in his own
composition He contains cobalt. WITH with help
vitamin B12 V the body re-synthesizes essential
amino acid methionine. This vitamin provides
influence on height animals, activation protein
exchange, promotes assimilation amino acids.
Insufficient security pigs, poultry And young animals
ruminants vitamin B12 causes them malignant
anemia (anemia), accompanied sharp decrease
productivity, termination growth And full exhaustion
organism due to low digestibility proteins vegetable
stern. U birds observed decrease hatchability eggs V
result increased embryonic mortality V the last one
week incubation With signs atrophy muscles limbs ,
hemorrhages in muscles , allantois And yolk bag. U
adult cattle And sheep appearance malignant anemia
And her consequences observed at violation
microbiological synthesis vitamin B12 V pancreas ,



When animals receive low cobalt feed . Good source
vitamin B12 are animal feed , seaweed, sapropel. This
vitamin absent V plant- based feeds basis. That's why
vitamin And mineral concentrates add V compound
feed And rations animals With single-chamber
stomach and poultry .
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