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Abstract. The relevance of this study is conditioned by the need to summarise current knowledge
about the use of iron-containing drugs in veterinary medicine and their scientific substantiation.
The purpose of this study was to analyse the results of the latest experimental data presented in
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the literature on the pharmacological and toxicological properties of iron-containing drugs and the
specific features of their use in veterinary medicine. The study employed the method of literature
analysis with the formulation of relevant substantiated conclusions and their generalisation or
comparison. Iron-containing medicines are particularly relevant in modern veterinary medicine
for the prevention of iron deficiency anaemia in piglets. The use of iron dextran preparations is
a scientifically sound and necessary preventive measure in modern pig production. Furthermore,
the study covered new approaches to the development of effective antianaemic drugs for animals
of other species, including calves. The study also covered the controversial issues of the use of
iron-containing drugs in pregnant females for the prevention of iron deficiency in animals born
from them. The analysis of the literature data presented in this study shows a prominent degree
of scientific interest in the study of pharmacological and toxicological properties of iron in high
valences (specifically, ferrous iron in clathrochelate form) with a view to their use in medicine. The
conducted literature review suggests the multidirectional use of iron-containing drugs in various
dosage forms in veterinary medicine. The study identified the key trends in the pharmaceutical
market of iron-containing drugs registered in Ukraine. In recent years, there has been a growing
body of scientifically based evidence indicating the effectiveness of iron-dextran complex in
combination with micro- and macronutrients and vitamins. Currently, the use of iron-containing
drugs in the world’s veterinary practice, considering their scientifically and experimentally proven
pharmacological properties, is extremely promising. The materials of this study are of practical
value for expanding the possibilities of using new forms of iron in veterinary medicine

Keywords: iron; iron deficiency; anaemia; piglets; calves; prevention

Introduction

Iron is one of the most abundant metals in na-
ture. It is well known that as a chemical element,
it can change its valence. At present, iron in
low valence forms, i.e., the second and third, is
well-researched. The properties of high-valent
iron are being actively investigated in Ukraine
and worldwide (Derkach, 2023; Plutenko, 2024).

In a living organism, the biological role of
iron correlates with the physiological role of
iron-containing compounds that ensure the
body’s vital functions. Thus, the trace element
iron is a necessary structural part of haemo-
globin, iron-containing and iron-dependent
enzymes that affect physiological and bio-
chemical processes in the body and cell func-
tioning. It is natural that a lack or excess of this
trace element provokes the development of
pathological conditions, and with a prolonged

imbalance in its content, diseases occur that
can have fatal consequences. M. Morales &
X.Xue (2021) prove the correlation between iron
levels in the body and cell proliferation in cancer.

According to recent publications, hepsidin
plays a crucial role in iron metabolism in an-
imals as a humoral factor, with an increase in
the trace element’s content stimulating hep-
sidin synthesis in the liver, which reduces iron
absorption in the intestine and its transport
into the bloodstream. Conversely, a decrease
in iron absorption in the intestine leads to in-
hibition of hepcidin synthesis and, as a result,
restoration of iron absorption. This hormone,
which is a 25-amino acid peptide, affects the ab-
sorption and release of iron from macrophages
during recycling from red blood cells. Hepsidin
can also block iron transport in the placenta,
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epithelium, and other tissues (Nemeth &
Ganz, 2021). Under anaemic and hypoxic con-
ditions, hepsidin gene expression decreases,
while iron absorption from macrophages and
the intestine increases (Vydyborets & Borysen-
ko, 2019). According to J.H. Joachim & K.J. Meh-
ta (2022),hepcidin, as a hormone that maintains
systemic iron homeostasis, is involved in the
development of hepatocellular carcinoma, one
of the most common causes of death in cancer.

In veterinary medicine, the use of iron-con-
taining products is particularly relevant in pig
farming. This-is primarily due to the risk of iron
deficiency anaemia in piglets. Animals of this
species have a biological predisposition to de-
velop iron deficiency during the suckling peri-
od. First of all; this is conditioned by the fact
that of all farm animals, they are born the most
immature; their growth is comparatively quite
intensive, which precedes the development of
erythrocytopoiesis in their body. Inhibition of
erythrocytopoiesis in the spleen and liver oc-
curs against the background of activation of
the erythropoietic capacity of the bone marrow.
The consequence is that during this period, the
piglet’s body does not sufficiently ensure the
production of red blood cells and the synthe-
sis of haemoglobin (Derkach, 2023). According
to M. Todorov et al. (2023), the complex use of
iron-containing and tonic preparations in the
case of rehabilitation and treatment measures
in piglets is more effective than the conven-
tional scheme used on farms for the treatment
of weakened and anaemic piglets.

However, iron deficiency also develops in
young animals of other species, and in adult
animals it is a symptom of certain diseases or
poisoning (Paslawski et al., 2021). According
to the latest data, haemotransfusion is effec-
tive in the treatment of anaemia in cats (Ma-
lyuk et al., 2022). The development of new or
improvement of current preventive measures
against the occurrence and development of iron
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deficiency in animals of different species stays
relevant. Moreover, new properties of iron in
high valence forms are being investigated with
a view to their application in medicine.

The purpose of this study was to analyse
the literature data on the findings of modern
scientific research on the pharmacological and
toxicological properties of iron-containing
medicines and promising areas of their use in
veterinary medicine, as well as their range in
the pharmaceutical market of veterinary med-
icines in Ukraine. The study was conducted
using widely recognised scientific methods,
including search, observation, analysis, com-
parison, systematisation, and comparison with
the findings of other studies, description, and
a systematic approach. The search for and pro-
cessing of scientific information was carried
out through a literature review, which helped
to identify key trends and gaps in existing
knowledge. Observations of facts and phenom-
ena were an essential component of obtaining
concrete data and formulating assumptions.
The analysis and comparison of the findings
with the results of other studies helped to
identify trends, confirmation or contradiction
of the findings. Systematisation and structur-
ing of information was important for the log-
ical presentation of data. The description and
systematic approach helped to put the research
findings in context, contributing to the field
and facilitating further research.

Historical background
on the use of anti-anaemic drugs
in veterinary medicine
As noted by H. Saito (2014), the trace element
iron is important for the animal body, while
its metabolism, according to recent data, is
regulated primarily by the hormone hepsidin
(Starzynski et al., 2013; Machalova Siskové et
al., 2016; Sangkhae & Nemeth, 2017). We share
the opinion of researchers who believe that in
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veterinary medicine, iron deficiency poses the
greatest risks to newborn piglets.

Iron deficiency anaemia is a separate no-
sological disease of suckling pigs. In animals
of this species, it develops from 5-7 days of
life, and a month after the birth of piglets, it
manifests itself to the maximum. The main
symptoms of this disease are a decrease in the
number of red blood cells and/or a decrease in
the content of haemoglobin per unit volume of
blood; metabolic disorders, hypoxia, growth re-
tardation, decreased resistance to other diseas-
es, and a high mortality rate (Antonyak, 2002;
Levchenko et al., 2015).

According to primary sources, the first
attempts to prevent anaemia in piglets were
based on feeding newborn piglets red clay and
watering them with solutions of iron and cop-
per sulphates. With the development of phar-
maceuticals in the 20" century, preventive
measures were associated with the use (first
enteral and later parenteral) of anti-anaemic
drugs containing low-valent iron.

Thus, to prevent iron deficiency anaemia,
it was recommended to use salts of iron, man-
ganese, copper, and cobalt; licks with ferrous
fumarate; chalk-based iron-containing bri-
quettes; highly dispersed paste, granular feed
with ferric glycerophosphate in piglet feeding
(Ulyzko & Todorov, 2014). Among other options
available were foal blood, protein extract of ru-
minant liver and spleen using the Filatov meth-
od. Generally, it was believed that the intro-
duction of proteins, which can be sourced from
vegetable or animal proteins (soy protein, albu-
min, gelatin, casein, etc.), has a positive effect.
Liver products and immunostimulants were
offered as anti-anaemic drugs. Subsequently,
organic/inorganic and complex iron-contain-
ing compounds were widely used: ferrous sul-
phate (II) preparations for oral administration,
ferrous dextran (III) preparations for enteral
and parenteral administration. In general, from

the 1930s to the present day, anti-anaemic
iron-containing drugs are generally divided
into those used orally (monocompounds of iron
salts, their combinations with cobalt and cop-
per salts, vitamins (Svoboda & Pistkova, 2018),
and those used parenterally (complex iron-con-
taining compounds of iron with dextran, trace
elements, vitamins).

As the range of iron-containing products
has expanded, researchers have tried to de-
velop classifications based on various criteria.
Thus, according to one classification, this phar-
macological group includes iron (II) medicinal
products; iron (III) medicinal products; inor-
ganic medicinal products; organic medicinal
products. Therewith, inorganic compounds are
represented by iron (II) sulphate and iron (III)
chloride, while organic compounds are iron (II)
gluconate, fumarate, xylitol, sorbitol, and
iron (II) dextran, dextrin, and iron (III) ferro-
protein (Troshin & Nechaeva, 2006).

According to the literature; researchers
have investigated the use of iron-containing
drugs in various dosage forms and with differ-
ent routes of administration, including aero-
solisation; oral administration in the form of
powder (Grushanska, 2005), pastes (Ulyzko &
Todorov, 2014), etc. Many journals indicate that
they used to treat the sow’s udder with a solu-
tion of ferrous sulphate (together with copper
sulphate and cobalt chloride).

Use of iron-containing anti-anaemic
drugs in suckling piglets
The conducted literature analysis suggests
that currently the simplest and most effective
way to prevent anaemia and treat animals with
anaemia is to use iron-containing drugs in the
neonatal period. However; the disadvantages of
the injection route of administration are that
this method involves non-physiological intake
of iron in the animal’s body, and high doses
of the trace element are unsafe, as iron is a
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heavy metal with the ability to accumulate and
pro-oxidant properties (Boldt, 1999) and blocks
phagocytic mononuclear cells in the form of
haemosiderin (Levchenko et al., 2015).

Notably, the method of oral administra-
tion of iron-containing medicines is natural.
The use of iron in feed additives is considered
a significant advantage for suckling piglets in
terms of prevention of iron deficiency anae-
mia (Maes et al., 2011; Starzynski et al., 2013).
R. Antileo et al. (2016) investigated the an-
ti-anaemic efficacy of non-heme (NHI) and
heme (HI) iron microparticles to develop a new
oral iron supplement. It was found that iron
deficiency anaemia in piglets can be prevented
by administering an oral encapsulated NHI/HI
supplement in three doses.

However, the authors of the present study
share the opinion of scientists who believe that
iron absorption is inhibited by inflammation
and this method of treating anaemic animals
is ineffective in case of metabolic disorders in
their bodies. It is also well-known that inor-
ganic iron-containing substances have poor
absorption properties, which can result in dys-
peptic conditions. T. Tuomainen et al. (1999)
proved that, compared with the use of non-ion-
ised iron-containing combination preparations,
oral use of ferrous sulphate increases sensitivi-
ty to oxidation of plasma lipoproteins.

The study of the toxicological and pharma-
cological properties of new iron-containing an-
tianaemic drugs stays relevant worldwide (Li-
pinski et al., 2010; Geisser & Burckhardt, 2011;
Cui et al., 2018). Comparative studies of the ef-
ficacy of iron-dextran medicines in the preven-
tion of anaemia and the treatment of patients
with this pathology are relevant. Such medici-
nal products in a dose of 150-200 mg of iron per
injection are recommended for intramuscular
administration to piglets on the days 3-5 after
birth (if necessary, repeated on the days 7-10).
The advantage of using iron dextran compared
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to iron salts is that it creates an iron depot in
the body of newborn animals and minimises
the risk of anaemia. The researchers found that
the absolute weight gain in piglets treated with
Bioferon during the first month of life was 880 g
higher, and in piglets treated with Suiferovit —
1,134 g compared to the control. At weaning,
the average weight of piglets was 1.81 kg and
2.66 kg higher, respectively. Researchers attrib-
ute this to the fact that in the first case, Sui-
ferovit contains trace elements and vitamins
(Prokopenko & Martynov, 2012).

Many researchers believe that iron-dextran
preparations should be combined with trace
elements (zinc, copper, cobalt) and vitamins
(groups B, C), which will help stimulate haemo-
cytopoiesis, as iron is absorbed by only 60-70%
when administered parenterally. J.D. Cook &
M.B. Reddy (2001) found that the use of ascor-
bic acid promotes haemocytopoiesis, as iron
absorption increases by 2.9-3.5 times. Some
scientists emphasised the pro-oxidant capac-
ity of iron ions in high concentrations, which
was considered a disadvantage of iron-dextran
preparations. Therefore, combinations with
cyanobalamin, tocopherol, and selenium were
recommended. Therewith, developers of new
iron-containing drugs have tried to reduce the
iron content in complex anti-anaemic drugs
(Vered, 2006; Danchuk et al., 2017).

T.S. Tokarchuk & V.V. Danchuk (2017)
found that intramuscular injection of a com-
plex of zinc, iron, and germanium citrates
twice together with vitamin E supplementa-
tion increased piglet body weight by 6.8%. The
use of 2.5 mL of this combination of trace ele-
ment citrates increased the haemoglobin con-
centration by 18.0% and 15.5%, respectively,
and increased the number of red blood cells
in piglets’ blood on day 35 of life. V.B. Todo-
ryuk (2012) noted that the use of an iron-con-
taining micronutrient composition (synergistic
essential polynuclear complexes that exhibit a
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biocoordination effect) in piglets of the exper-
imental group led to an increase in haemoglo-
bin concentration by 18% on day 8, by 20% on
day 14, and by 17% on 32, while the number of
red blood cells increased by 8% on days 8 and
14, and by 4% on day 32 compared to the con-
trol. Therewith, an increase in haematocrit by
6-8% was found throughout the experiment.
Erythrocyte parameters were increased com-
pared to the control: MCH by 11-15%, MCV/
MCHC by 5-9%. The use of additional amounts
of trace elements contributed to their accumu-
lation in the piglets’ body, specifically, on day
32 of life, the level of iron in the animals’ blood
increased by 53%.

V.S. Bityutskyi (2007) proposed the de-
velopment of complex preparations contain-
ing iron in the form of cluster compounds
stabilised by the carbohydrate component of
micelles. The latter is an analogue of ferritin
and a source of a non-toxic and easily acces-
sible form of the trace element. Apart from
the prosthetic groups of antioxidant enzymes,
such medicines include chelated complexes of
copper, zinc, and selenium. It was found that
the administration of polymetal and polymet-
al-selenium to suckling piglets prevented iron
deficiency anaemia in animals, as evidenced
by positive changes in common diagnostic
markers of iron deficiency in the experimental
groups compared to the control. Thus, accord-
ing to the findings of research by many authors,
it was proved that a reliable anti-anaemic ef-
fect in suckling piglets was observed when iron
was combined with other trace elements, vita-
mins, and antioxidants.

In previous studies by I. Derkach (2023),
a comprehensive solution to this scientific
and practical problem was presented, which
makes provision for the investigation of the
anti-anaemic activity of iron in valence IV.
S. Tomyn et al. (2017) first reported clathroche-
late iron compounds in valence IV. The physic-

ochemical properties of these compounds were
actively studied: the high stability of iron (IV)
clathrochelate was found to be primarily con-
ditioned by the fact that metal ions in this
compound are “packed” in an organic matrix,
from which the metal is released gradually in
vivo as the substance biodegrades. It was pre-
dicted that the use of medicinal products based
on iron (IV) clathrochelate would minimise the
undesirable effects associated with the toxicity
of aquariums and aquacomplexes of low-valent
iron. Preclinical studies have established that
iron (IV) in clathrochelate form corresponds
to Hazard Class III according to the classifi-
cation of chemicals by hazard and to Toxicity
Class IV as a low-toxic substance. The studied
tetravalent iron exhibited weakly expressed
cumulative properties, and no irritant or aller-
genic effects were observed. Clinical studies of
iron (IV) clathrochelate and its use in newborn
piglets have shown an anti-anaemic effect,
which is confirmed by high levels of haemo-
globin, haematocrit, and red blood cell count
(Derkach, 2023).

Many publications are devoted to the study
of the effectiveness of nanocompounds in med-
icine. The use of iron nanocompounds is also
promising in veterinary medicine. Such drugs
in low doses have a pronounced pharmacologi-
cal effect. Ukrainian researchers have conduct-
ed a range of studies of the combination of iron
nanopreparation and brovapherone-100. It was
found that the iron content in the blood plas-
ma of suckling piglets increased during 20 days
of life compared to piglets that were adminis-
tered these drugs separately. It was also proved
that piglets from the experimental groups were
more active and competitive than those from
the higher lactation groups. The use of iron
nanochelates contributed to a dose-depend-
ent decrease in cortisol concentration, an in-
crease in T3 and insulin concentration in pig-
lets’ blood, which increased stress tolerance,
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productivity, and resistance of animals. It was
found that the combined administration of
iron nanopreparation and iron dextran reduced
the prooxidant effect, while increasing the ac-
tivity of catalase and glutathione peroxidase
(Danchuk et al., 2017). Thus, despite the long
history of research on piglet iron deficiency
anaemia, the development of drugs for its pre-
vention and treatment of sick animals, this is-
sue is still relevant today.

Use of iron-containing

anti-anaemic drugs in sows
The issue of using iron-containing prepara-
tions in pregnant sows to prevent anaemia
in piglets born from them is currently under
debate. Some scientists believed that the ad-
ministration of iron-containing medicines to
pregnant and lactating animals would ensure
reliable iron reserves in the liver and blood
of suckling piglets, while others believed that
such preventive measures would not have a re-
liable preventive effect.

L.Ya.Bozhik (2009) noted that feeding sows
with ferrous methionate in doses of 0.7 mg/kg
body weight for 30 days before farrowing and
1.4 mg/kg before weaning would prevent the
development of anaemia in piglets and have a
positive effect on the physiological state of the
sow’s body and increase the count of red blood
cells and haemoglobin content in their blood
by 12.2% and 32.4%, respectively, compared to
the control. Therewith, an increase in the count
of T- and B-lymphocytes and immunoglobulin
content was observed by 12.4%, 16.7%, and
19.9%, respectively; in sow colostrum, the level
of total protein increased by 17.0% and immu-
noglobulins by 20.0%.

S. Bhattarai et al. (2019) investigated the
relationship between haemoglobin levels in
sows and piglets during farrowing, as well as
the correlation between sow haemoglobin lev-
els and the probability of foetal death. The re-
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searchers found that the average haemoglobin
content in the blood of sows and piglets was
106.9+12.2 g/.and 124.4%+19.9 g/L, respective-
ly. There is also a positive correlation between
these indicators (P =0.058). On the other hand,
the probability of dead piglets is negatively re-
lated to sow haemoglobin content (P =0.021).
The findings obtained by the researchers sug-
gest that the haemoglobin content in the blood
of newborn piglets can be increased and still-
birth rates reduced as a result of increasing the
haemoglobin level in the blood of sows.

The results obtained by the researchers
when using a solution of iron (IV) clathroche-
late to farrowing sows 14 and 7 days before
farrowing are of great significance. Studies
have not observed any stillbirths or iron de-
ficiency anaemia during the critical period
of piglet rearing for the development of iron
deficiency. The pharmacokinetic properties of
iron (IV) clathrochelate administered to ges-
tating sows were characterised by the ability
of iron to penetrate the placenta and be ex-
creted in colostrum. The above suggests the
antianaemic activity of iron (IV) clathroche-
late, and therefore it was proposed for the pre-
vention of iron deficiency anaemia in piglets
in production conditions: intramuscular injec-
tion of 10% solution of ferrous clathrochelate
(IV) to pregnant sows at a dose of 10 mL 14 and
7 days before expected farrowing, which will
ensure transplacental iron intake into the foe-
tus; intramuscular injection of a 10% solution
of iron (IV) clathrochelate at a dose of 10 mL
and cyanocobalamin at a dose of 500 pg in the
form of a solution 14 and 7 days before expect-
ed farrowing to stimulate erythropoietic func-
tion in pregnant sows and piglets born from
them (Derkach, 2023). Thus, the opinion of re-
searchers who consider the prevention of iron
deficiency anaemia in piglets, which involves
the use of iron-containing drugs in farrowing
sows, to be effective, is relevant.
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Use of iron-containing
anti-anaemic drugs in calves

It is well-known that iron deficiency develops
in young ruminants and other species, while
in adult animals it is a symptom of various
pathologies. Therefore, there are many reports
in the literature on the effectiveness of vari-
ous iron-containing drugs for the prevention
of anaemia in other species of animals or the
treatment of already anaemic animals.

According to V.M. Sokolyuk et al. (1995), it
was proved that 30% of calves under 3 days of
age suffer from anaemia, 35.4% — at 10 days of
age, and 33.6% of these animals — at 20-40 days
of age. The results of the clinical examination
and laboratory analysis of blood serum for
bilirubin and trace elements showed that at
1-3 days of age, calves had hypoplastic nutri-
tional deficiency anaemia, which the research-
ers attributed to unsatisfactory feeding of dry
cows. In older calves, myelotoxic anaemia was
also observed, which was explained by the tox-
ic effect on the bone marrow of products of
impaired metabolism in diarrhoea syndrome.
Calf anaemia was characterised by a marked
decrease in haemoglobin content compared
with changes in the number of red blood cells.
Therefore, according to various classifications
of anaemia, these animals showed hypochromic
and microcytic anaemia. The hemoglobin con-
tent in the blood of sick 10-day-old calves was
77+1.2 g/L (105%1.2 g/L in healthy animals),
the number of red blood cells, respectively,
was 6.1+0.1 T/L compared to 6.5*0.15 T/L in
healthy animals. The researchers pointed out
that the largest number of calves with anaemia
was observed in the last months of the year, in
winter and early spring, while in summer the
number of such cases decreased by 2-4 times.
Thus, a critical decrease in the intensity of
hemocytopoiesis occurred in the autumn-win-
ter and spring periods. Therefore, it was in the
autumn-winter and spring seasons that the use

of drugs to stimulate blood formation in calves
was recommended.

Whole milk is known to contain low lev-
els of iron, and therefore studies of iron defi-
ciency anaemia in dairy calves fed whole milk
are relevant. J. Allan et al. (2020) evaluated the
effect of iron supplementation on calf growth
rate and blood haemoglobin levels. It was found
that iron caused an average increase in growth
rate by 78 g/day (standard deviation 18 g/day)
in calves of the experimental groups compared
to the control. There was also a considerable
increase in haemoglobin levels in the blood of
calves aged 6 weeks, with haemoglobin levels in
animals not receiving iron decreasing by an av-
erage of 12.1 g/L. In contrast, calves with high-
er growth rates in the first 6 weeks were also
more likely to have low haemoglobin levels.
There were differences in animal growth rates
and haemoglobin levels on each farm. However,
generally, on all farms, the level of iron in the
body of calves affected their daily weight gain
during the first 6 weeks. The researchers sug-
gested that the magnitude of the effect depend-
ed on the farm, as there was a marked difference
between the variations in animal growth rates
across farms. The researchers proposed iron in-
jections that led to a considerable increase in
haemoglobin levels after 6 weeks, which pre-
vented its decline during the first 6 weeks of
life. The use of systemic iron supplements has
been shown to have a positive effect. Therefore,
considering the current industry recommen-
dations to feed larger volumes of milk over a
longer period of time, the researchers suggest-
ed systemic iron supplementation for calves fed
whole milk. In the future, it was planned to es-
tablish a link between early iron deficiency and
long-term growth rates of calves, as well as to
investigate the relationship with their morbidi-
ty before weaning.

J. Joerling & K. Doll (2019) found no direct
correlation between serum ferritin and serum
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iron. Comparing calves’ dairy diets; it was found
that reduced levels of ferritin in the blood se-
rum of calves were observed more often in
those animals fed milk replacer compared to
calves fed whole milk. The findings obtained
by the researchers suggest that the determi-
nation of haemoglobin and serum iron content
is limitedly suitable for the diagnosis of iron
deficiency in calves. Serum ferritin was consid-
ered more informative, as serum iron levels are
subject to physiological fluctuations, while iron
deficiency can be caused by inflammation or
neoplastic diseases.

V.I. Levchenko et al. (2015) investigated the
effect of ferrolife on haemocytopoiesis in calves
and piglets. They found that double adminis-
tration of the drug in a dose of 4-5 mL to sick
calves increased the haemoglobin content by
20.8%, iron concentration — by 23.5%, red blood
cell count - by 31.4% and haematocrit value —
by 8.6%; no negative effect on the albumin
synthesising function of the liver was observed.

According to the results of studies by many
researchers, it was proved that the iron con-
tained in milk replacer meets only the basic
needs of this trace element for erythrocyto-
poiesis. R. Kupczynski et al. (2017) established
the effect of feeding a protein-iron complex on
productivity and iron metabolism, haematolog-
ical parameters, antioxidant and immune sta-
tus within 35 days after calf birth. The prepa-
ration of the complex involved the enzymatic
hydrolysis of milk casein and the addition of
ferric chloride to the hydrolysate and lyophili-
sate. Therewith, experimental groups of calves
were created that received low and high dos-
es of iron as part of a protein-iron complex
(10 g/day and 20 g/day, respectively) and a con-
trol group. Dietary supplements containing a
lower concentration of iron had a significant
positive effect on the metabolism of the trace
element, while a higher dose of concentrate led
to an increase in total iron binding capacity,

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2

transferrin saturation and a decrease in un-
saturated iron binding capacity, which indicat-
ed iron overload. Furthermore, treatment with
lower doses of iron noticeably increased anti-
oxidant parameters, mainly the overall antioxi-
dant status of the body and the activity of blood
glutathione peroxidase. At higher doses of iron
in the protein-iron complex, a lower overall an-
tioxidant status was observed. Concentrations
of IgG, IgM, insulin, glucose, TNFa, and IGF-1
stayed unchanged in any of the groups after
supplementation. The researchers stressed
that in practice, the use of protein-iron com-
plex concentrate requires accommodating for
the iron content of milk substitutes and other
feeds. Only a lower dose of the protein-iron
complex had a positive effect on the immune
and antioxidant status of the body. The authors
plan to focus further research on the investiga-
tion of iron concentration in the liver, as well
as the relationship between hepsidin-ferropor-
tin and cytotoxicity after adding a protein-iron
complex to calf diets.

A. Budny-Walczak et al. (2023) studied the
effect of protein-iron complex on productivity
and iron metabolism, haematological and bio-
chemical parameters when fed whole milk until
weaning. The Polish Holstein cattle were divided
into a control group, where they were fed whole
milk, and an experimental group, where calves
received an iron supplement in milk at a dose of
16 g/day. To determine the production perfor-
mance, calves were weighed at 7 and 42 days of
life, and changes in such production parameters
as average weight gain, feed conversion rate and
growth rate were analysed. Blood was also taken
from the jugular vein on days 7, 14, 28, and 42
of life. It was found that the average daily body
weight gain, growth intensity and feed conver-
sion rate were the highest in calves of the exper-
imental group. The addition of a protein-iron
complex had a substantial effect on iron me-
tabolism in the experimental group of animals.
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Doctors described the latest drugs con-
taining the iron complex trimaltol (interna-
tional non-proprietary name: ferrimaltol),
which was developed, synthesised, and tested
in vitro and in vivo in 1980-1981 after the dis-
covery of a new class of alpha-keto-hydroxy-
heteroaromatic iron chelators. According to
the findings of relevant studies, it was estab-
lished that natural and synthetic lipophilic
chelators, including maltol, formed stable iron
complexes and transferred it across cell mem-
branes, as well as contributed to an increase
in the intensity of iron absorption in animals
(Kontoghiorghes et al., 2021). Although the
risks of developing iron deficiency anaemia
in animals of other species at a young age are
much lower compared to suckling pigs, their
study is also relevant, and the scheme of pre-
ventive measures and treatment of sick ani-
mals needs to be improved considering mod-
ern world developments in medicine.

Iron-containing drugs
in obstetric and gynaecological
veterinary practice

Considering the significance of iron for all liv-
ing things, apart from the use of iron-contain-
ing products for the prevention of anaemia,
other areas of application of iron-containing
products for various pathologies in animals, in-
cluding obstetric and gynaecological veterinary
practice, are being investigated.

VY. Stefanyk et al. (2017) proved that the
effectiveness of intrauterine administration of
suppositories containing iron nanoparticles
after calving and aftermath of litter stimulat-
ed antioxidant functions in the body of cows,
contributed to a decrease in the content of li-
pid peroxidation products. I.B. Kobylukh et
al. (2017) found that after the application of
suppositories with iron nanoparticles to cows
(intrauterine after the afterbirth), the content
of immunoglobulins of class A (3.9 times),

immunoglobulins of class M (2.8 times) in the
blood serum significantly increased, while the
content of immunoglobulins of class G de-
creased (4 times). The duration of the service
period was reduced by 14 days (P < 0.05), and
the insemination index decreased by 0.2 units
compared to the control.

C.M. Oliveira et al. (2012) proposed new
methods for studying the placental transi-
tion using iron and other nutrients necessary
for the survival and maintenance of the em-
bryonic foetus until birth. According to the
classification of placental types among ani-
mals (cattle, small ruminants, dogs, and cats),
iron transfer across the placenta can occur
by transferrin-associated absorption through
the outer surface of the trophoblast in direct
contact with the mother’s circulating blood;
erythrocyte uptake by the chorionic epitheli-
um in direct contact with a pool of blood ex-
tracted from haemotophages; absorption by
the chorionic epithelium in direct contact with
iron-rich secretions from the endometrial
glands and absorption by blood extracts on the
surface of the mother and foetus with subse-
quent phagocytosis of erythrocytes by tropho-
blast cells. The function of erythrophagocyto-
sis observed after extravasation of blood into
the maternal-foetal interface has not been
determined in several species. The researchers
suggested that iron is transferred to the foetus
through trophoblastic erythrophagocytosis in
the haemophageal region of the placenta, as
well as in the glands of the endometrium.

Thus, the literature presents the find-
ings of studies confirming the effectiveness
of iron-containing preparations for obstet-
ric and gynaecological pathologies. Howev-
er, this issue needs to be investigated more
extensively to develop new drugs in relevant
dosage forms, register them on the pharma-
ceutical market, and introduce them into vet-
erinary practice.
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Analysis of the pharmaceutical
market of iron-containing drugs
registered in Ukraine
Currently, colloidal solutions of ferric hydrox-
ides in low-molecular-weight glucose polymers
(dextrans) are particularly effective in iron de-
ficiency. In modern veterinary practice, they
are administered to newborn animals (mainly
piglets and calves) in the first days of life to
prevent iron deficiency anaemia and ensure the
creation of iron depots in the liver of young an-
imals, as well as to fur-bearing animals when

they are fed fish, etc.

Many publications cover the research on
the pharmaceutical market for iron-contain-
ing drugs. Thus, previous publications have
analysed the Ukrainian pharmaceutical mar-
ket of anti-anaemic drugs for pigs in recent
years (Derkach, 2023). In Ukraine, in 2017,
the market was represented by 13 medicinal
products in the group QBO3A Anti-anaemic
agents. Ukrainian pharmaceutical manufactur-
ers (0O.L.KAR-AgroZooVet-Service, Farmaton,
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Brovapharma, Research and Experimental
Production of the Institute of Epizootology,
Biopharm and Vetsintez) provided 38% of the
iron preparations (ATC-vet classification). At
the same time, 62% of foreign pharmaceutical
products in this group are represented by phar-
maceutical companies from Estonia, Denmark,
South Korea, Poland, France, and the Czech
Republic. The medicines contained a dextran
complex of ferrous hydroxide, which in some
products was combined with vitamins, macro-
and microelements. Moreover, the Ukrainian
pharmaceutical market offers iron-containing
feed additives, ready-made feeds and premix-
es for animals and poultry of various species in
various forms.

In 2017-2022, the modern pharmaceutical
market of veterinary drugs in Ukraine was suf-
ficiently supplied with anti-anaemic drugs for
pigs, but mostly imported drugs (Fig. 1).

The share of Ukrainian drugs in this group
was higher in 2020, but in 2022 the share of im-
ported drugs prevailed again (Table 1).

Ukrainian anti-anaemic medicines
Imported anti-anaemic medicines
2020 2022

Figure 1. Trends in the domestic pharmaceutical market
of anti-anaemic iron-containing drugs for pigs, 2017-2022

Sourse: I. Derkach (2023)

Table 1. Iron-containing drugs registered in Ukraine as of 01.01.2022

Regi A m A

Drugname o8 O el
Ferrum + 04.03.2021 03.03.2026
Brovaferan-100  24.12.2020 23.12.2025
Ferrovet +B12®  26.11.2019 25.11.2024
Ferofort 12.04.2017 11.04.2022
Bioferon Forte 26.11.2019 25.11.2024

Srocedure  Mamufacturer  UEN
re-registration Biotestlab

re-registration Brovapharma

re-registration Vet-synthesis Ukraine

registration
registration

Fortis-pharma
Biopharm
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Table 1. Continued

Drug name Registration Regl‘stratlt_)n Registration Manufacturer Country of
date valid until procedure manufacture
Ferro 2000 07.07.2020 16.12.2023 changes Dopharma France France
Gafervit 07.07.2020 06.07.2025 re-registration . .
Ferribion 10%  15.07.2019 14.07.2024  re-registration Bioveta, a.s Czech Republic
Intrafer-100 V12  07.07.2020 06.07.2025 re-registration  Interchem Verken
. . “De Adelaar” Esti Estonia
Intrafer-200 V12 04.03.2019 03.03.2024 re-registration AS
Uniferon 28.02.2018 27.02.2023 re-registration Pharmacosmos A/S Denmark

Source: I. Derkach et al. (2023)

According to the analysis of the pharma-
ceutical market of iron-containing drugs, ac-
cording to official data provided in the State
Register of Veterinary Drugs, it was found that
this group is currently represented by 11 an-
ti-anaemic drugs out of 1,394 items registered
in Ukraine as of 1 January 2024 (Official website
of the State Service of Ukraine on Food Safety
and Consumer Protection of People, n.d.). All
medicinal products are solutions of trivalent
iron in combination with dextran for injection.
Of these, 5 drugs (45%) are of Ukrainian origin
(manufacturers: Vetsintez LLC, JSC Biopharm
LLC, Biotestlab LLC, German-Ukrainian Pro-
duction Company Brovapharma LLC). Biopharm
Pharmaceutical Company offers 2 iron-con-
taining products: Bioferon and Bioferon Forte.
The first preparation is a 10% solution of iron
dextran, containing excipients phenol and pu-
rified water. 1 mL of Biopheron Forte contains
7.5% of the active ingredient ferrodextrin, as
well as copper chloride, cobalt chloride, cyano-
cobalamin, phenol, and highly purified water.
These medicinal products are intended for the
treatment of animals with anaemia and for the
prevention of iron deficiency anaemia in sows,
piglets, calves, and lambs.

Ferrovet+B,, (Ukraine) contains iron (III)
hydroxide complex with low molecular weight
dextran, which stimulates the hematopoietic
system, increases haemoglobin levels, increas-
es the number of red blood cells, replenishes
iron deficiency, and increases animal produc-
tivity, and cyanocobalamin, which stimulates

hematopoiesis, activates creatine synthesis, li-
pid metabolism, methionine biosynthesis, and
metabolic processes necessary for DNA synthe-
sis. The half-life of iron from blood plasma is
5 hours. Therewith, small amounts of iron are
excreted in the urine, while dextran is metab-
olised and excreted by the kidneys. The drug is
intended for the prevention and treatment of
iron deficiency anaemia in calves, foals, sows,
lambs, puppies, and piglets. If necessary, the
injection of the drug in an analogous dose is re-
peated in 10-12 days.

Brovapheran 100 (Ukraine) is a complex
compound of ferric hydroxide and low-molec-
ular-weight dextran. Its pharmacological effect
is based on increasing the level of iron and hae-
moglobin, increasing the number of red blood
cells in the body, stimulating the haematopoi-
etic system and improving the safety of young
livestock. The medicine is used for the treat-
ment and prevention of iron deficiency anaemia
in animals, especially piglets and calves. 1 mL of
Ferrum+ (Ukraine) contains 100.0 mg of ferrous
iron (in a complex with low molecular weight
dextran), 5.0 pg of cyanocobalamin, 200.0 ug
of folic acid; excipients: phenol and water for
injection. The drug is recommended for the
treatment of piglets, sows, calves, lambs, goats,
dogs, fur-bearing animals with iron deficiency
anaemia and for the prevention of the disease in
case of blood loss and haemorrhagic diathesis.

According to the product leaflets, the con-
traindications were listed by Ukrainian manu-
facturers as follows: do not use in animals with
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insufficient vitamin E and/or selenium in their
bodies; animals with diarrhoea; in combination
with tetracyclines; do not mix with other vet-
erinary drugs, and do not use in animals with
hypersensitivity to the drug’s components.
Among the warnings for use, it was noted that
allergic reactions may occur, and in case of
overdose, peripheral vascular collapse, which
may result in depression, slowing/acceleration
of the pulse, hypotension, cyanosis of the mu-
cous membranes, ataxia, and coma. Cases of no
symptoms of toxicity within 12-48 hours after
administration of the drug were described, but
later, pulmonary edema, vascular and motor
collapse, cyanosis, acute liver failure, etc. sud-
denly developed. In case of an overdose, it is
recommended to use the antidote Deferoxam-
ine, which forms water-soluble chelated com-
pounds with iron that are rapidly excreted by
the kidneys. In rare cases, animals may die, spe-
cifically in breeds that are genetically sensitive
to iron-containing drugs. There may be slight
pigmentation of the tissues in the injection
site, slight swelling that disappears in 2-3 days.
Antacids slow down the absorption of iron.
Some manufacturers indicated that after the
first withdrawal from the vial, the drug should
be used within 14 days (subject to aseptic with-
drawal and storage in a dark place at 5-25°C),
while others indicated that after opening the
vial, the drug should be used within 24 hours
and that it should not be frozen.

The medicines Intrafer-100 B,,, Intra-
fer-200 B, (Estonia), Feribion 10% (Czech Re-
public), Ferro 2000 (France), and Uniferon
(Denmark) contain a complex compound of
iron (III) hydroxide and cyanobalamin. These
drugs are prescribed intramuscularly and sub-
cutaneously for the prevention and treatment
of calves and piglets (Ferro 2000 and Uniferon
were recommended only for pigs, including
piglets) with iron deficiency anaemia. Hafervit
injectable (Czech Republic) contains ferrous
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dextran, porcine serum immunoglobulin, thi-
amine hydrochloride, riboflavin, pyridoxine
hydrochloride, nicotinamide, calcium pantoth-
enate, copper chloride, and cobalt chloride an-
hydrous. It is prescribed only for pigs.

According to the manufacturers’ official
instructions for use, iron in combination with
low-molecular-weight dextran is a low-tox-
ic anti-anaemic drug that reliably increases
haemoglobin levels. After parenteral adminis-
tration, iron accumulates in the tissues and is
gradually released from the dextran complex,
binding to proteins. Up to 60% of iron dextran
is absorbed 3 days after administration, and up
to 90% within 1-3 weeks.

Conclusions

Iron-containing medicines are particularly
relevant in veterinary medicine for the pre-
vention of iron deficiency anaemia in suck-
ling piglets. To stimulate erythrocytopoiesis
in the hematopoietic organs, animals of this
species are administered iron-containing com-
pounds on the days 3-5 after birth, the most
commonly used of which are iron-dextran
preparations worldwide. There are a range of
advantages and disadvantages regarding the
methods and forms of their application, but
in the system of preventive measures for pig
health, such prevention is generally accepted.
The review analyses the various possibilities
of using iron-containing drugs in veterinary
medicine and describes new approaches to this
with due regard for the development of modern
medicine and pharmaceuticals. The study ana-
lysed the pharmaceutical market of iron-con-
taining veterinary drugs registered in Ukraine
in recent years. Notably, the share of relevant
Ukrainian medicines is lower than that of im-
ported pharmaceutical products, which should
be a motivational task for Ukrainian producers.
There is a general trend towards the combina-
tion of iron dextran with vitamins (especially
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cyanobalamin), macro- and microelements in
modern anti-anaemic iron-containing drugs.
Ukrainian scientists have paid great attention
to the study of the prooxidant effect of these
drugs and the effect of selenium on lipid per-
oxidation and the antioxidant system in gen-
eral. The literature provides data on the use
of iron-containing compounds in pregnant fe-
males to provide microelements to piglets af-
ter farrowing. Some scientists proved that the
formation of a reserve of the trace element in
the liver/blood of newborn piglets and in co-
lostrum/milk of sows can be achieved by using
iron-containing preparations during pregnan-
cy and lactation, although others have refuted
this. For this reason, this prevention scheme
has not been widely used in veterinary med-
icine. At the same time, the authors have al-
ready proved that in production conditions
for the prevention of iron deficiency anaemia

and intramuscular injection of 10% solution
of ferrous clathrochelate (IV) and cyanocobal-
amin 14 and 7 days before expected farrowing
(stimulated erythrocytopoiesis in farrowing
sows and piglets born from them).

The findings presented in this study are
significant for clarifying the possibilities of
using new iron-containing drugs in veterinary
medicine. For instance, this is the case with
iron-containing medicinal substances in which
the trace element has high valence forms. Only
their physicochemical properties are well-stud-
ied, and the issues of pharmacokinetics and
pharmacodynamics require further in-depth
research and development of a new scheme
for the effective prevention of iron deficiency
in animals, which we consider to be promising
areas for further research in the context of the
subject under study.

in piglets, intramuscular injection of ferrous Acknowledgements
clathrochelate (IV) solution to farrowing sows  None.
14 and 7 days before the expected farrow-
ing has a reliable preventive effect (provided Conflict of Interest
transplacental intake of iron into the foetus) None.
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AHoTaris. AKTYa/JbHICTh [JOCTIIPKEHHSI 3YMOBJIEHa HeOOXigHICTIO y3arajlbHEHHS CydacHUX
ySIBJIEHb MPO 3aCTOCYBaHHS 3ai30BMiCHMX JIIKapCbKUX 3ac00iB y BeTepUHApHilit MeAUIMHI Ta
iX HAyKOBOTO OOI'pYHTYBaHHS. MeTa MOCTIIKEHHS — MPOBECTM aHaji3 pe3ylIbTaTiB OCTaHHIX
eKCIIepMMEHTATbHUX AAHUX, TPENCTaBIeHNX Y JiTepaTypi Imomo dhapMako-TOKCUKOIOTUHUX
BJIACTUBOCTE} 3a/i30BMiCHUX MpernapaTiB Ta 0COGIMBOCTEN iX BUKOPUCTAHHS Y BeTepUHAPHI
vemuuuHi. Ilig dvac gocmigkeHHS BMKOPUCTAHO METOA, aHaJi3y JiTepaTypHUX [Kepen 3
(bopMymOBaHHSAM BilMOBiMHUX OOIPYHTOBAHMX BMCHOBKIB Ta iX y3araJbHEHHS UM MMOPiBHSIHHS.
Oco6MMBO aKTyaTbHUMM 3aTi30BMICHI JiKapchKi 3aco6M y cydacHiil BeTepMHapHiil MeIULIMHI
€ 3a npodinaktuky 3anizomediuuTHOI aHeMii y MOpOCST. 3aCTOCYBaHHSI 3aTi30€KCTaHOBUX
MpernapariB € HayKOBO OOGIPYHTOBAaHMM i HEOOXiIHMM IPEBEHTUBHMUX 3aXOJOM Yy Cy4aCHOMY
cBuHapcTBi. KpiM Toro, y craTTi po3KpMBAIOTbCS HOBi MigXoau OO PO3poOKM edeKTUBHUX
aHTMAHEeMIUHMX MperapaTiB TBapMHAM iHIIMX BUIIiB, 30KpeMa TeasiTaM. PO3KPUTO OUCKYCiiiHi
MMUTAHHS IIOA0 3aCTOCYBAaHHS 3a/i30BMICHMX IIpernapariB BariTHUM camMKaM 3 MeTOI0
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npodinakTuky 3amizonedilUTy y HAPOMKEHMX BiJi HUX TBAPUH. AHATI3 JIiTepaTypHUX JAHUX,
NpeACTaBIeHMIl y CTaTTi, 3acBifuye BMCOKMII CTYIiHb HAyKOBOTO iHTepecy OO BUBUYEHHS
(hapmaKko-TOKCUKONOTIUYHMX BIACTMBOCTEN 3aJli3a Yy BUCOKMX BaJeHTHOCTSIX (30KpeMa 3ajiza
YOTUPbOXBAJEHTHOTO Yy KiIaTpoxenaTHiii ¢opmi) 3 MeTol iX 3acTOCyBaHHSI y MeOULIMHI.
HaBepmeHnit ornsih jiTepaTypHUX [Kepen 3acBiguye Mpo 6araTOBEKTOPHICTh 3aCTOCOBYBaHHSI
y BeTepMHapHiii MeIUIMHI 3a1i30BMiCHUX JIIKAPCbKUX PEUOBMH y Pi3HMX JiKapChKUX Gopmax.
BcTaHOB/IEHO OCHOBHiI TeHAeHIi Ha (apMaleBTUUYHOMY PUHKY 3a/li30BMiCHMX ITperaparis,
3apeecTpoBaHMX B YKpaiHi. YIPOIOBK OCTaHHIX POKiB 3pOCTAE KiTbKiCTh HAYKOBO OGIPYHTOBAHMX
IO0Ka3iB, sIKi BKa3yI0Th Ha e()eKTUBHICTh 3a/1i30[JeKCTPAHOBOTO KOMITJIEKCY B KOMGiHaIlii 3 MiKpo-
Ta MakpoejneMeHTamu i BiTamiHamu. HuHi y cBiTOBiii BeTepMHapHiii NMPaKTUILi 3aCTOCYBaHHS
3a/1i30BMiCHMX TIpernapaTiB i3 BpaxyBaHHSM iX HAyKOBO OOIPYHTOBAHUX Ta eKCIIEPUMEHTaIbHO
noBefeHMX (HapMaKoIOriuHMX BIACTUBOCTE € Ha3BUYATHO MepcreKTMBHMM. MaTtepianau cTaTTi
CTaHOBJISITh MPAKTUYHY IiHHICTH IJI PO3IIMPEHHSI MOK/IMBOCTE} 3aCTOCYBaHHS HOBMX (HOpM
3aJ1i3a y BeTepMHAPHi MeauIHi

KnrouoBi croBa: 3a71i30; 3a1i30mediliT; aHeMis ; ITIOpocsTa; TeJsTa; mpodiJakTUKa
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