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Anemia is one of the most common non-contagious diseases of pigs. Modern antianemic drugs have several drawbacks, so find-
ing new drugs is a pressing issue. We previously reported the results of preclinical studies of iron in rare high valence IV. 
This allowed us to determine, supplement, and generalize the data on clinical studies of the new drugs with the active substance iron 
(IV) clathrochelate. Therefore, we studied its antianemic effect on piglets. Experiments were carried out on piglets-analogues neo-
nates, which were divided into three groups: control and two experimental  groups. Piglets were kept with sows on suckling. For the 
purpose of prevention of iron deficiency anemia, the traditional solution of iron dextran was administered once intramuscularly to 
piglets of I control group. The aqueous solution of iron (IV) clathrochelate complexes was administered once intramuscularly 
to piglets of II experimental group. Iron (IV) clathrochelate complexes were dissolved in a solvent of rheopolyglucin and adminis-
tered once intramuscularly to piglets of III experimental group. 1 mL of test solutions contained 100 mg of active substance. 
The investigative material were the samples of blood and serum of piglets, their liver and spleen. The experiment lasted during a 30-
day period since the birth of the piglets. According to the results of the experiments, iron (IV) clatrochelate complexes which were 
dissolved in water for injection and rheopolyglucin had higher antianemic activity compared to the control. This is evidenced by the 
dynamics of probable changes in the number of erythrocytes, hemoglobin content and hematocrit, iron content in serum and its mass 
fraction in the blood, liver and spleen of piglets. The effectiveness of the action of iron (IV) clatrochelate complexes is demonstrated 
by the full supply of piglets with iron and its higher bioavailability.  

Keywords: iron deficiency anemia; clinical studies; iron (IV); piglets; morphological parameters; biochemical indicators.  

Introduction  
 

The provision of means for the prevention, diagnosis of diseases and 
treatment of animals is an indispensable condition for successful livestock 
holding. In addition, it is well established that is should be based not only 
on massive investment from the state, but also on the high level of national 
scientific potential. Therefore, it is a highly relevant task to develop new 
effective drugs compared to existing ones.  

Although anemia is a symptomatic complex which accompanies 
many pathological processes in the young, it is necessary to allocate pre-
cisely nutritional anemia (Bonkovsky & Herbert, 1991; Camaschella, 
2013; Knight & Dilger, 2018), which causes significant economic losses 
on farms. This is a clinical hematological syndrome, which is as result of 
the shortage of iron, cuprum, cobalt, zinc, vitamins C and B12, which are 
essential for sustaining their organism (Walter et al., 1997; Svoboda et al., 
2008; Wang et al., 2019). In conclusion it causes violations of the synthe-
sis of hemoglobin and a decrease in the number of erythrocytes (Ganz, 
2013; Leyshon et al., 2016; Shero et al., 2019). Many recent studies are 
devoted to hepcidin, a peptide hormone made in the liver, which is the 
principal regulator of systemic iron homeostasis. Synthesis of hepcidin is 
homeostatically increased by iron loading and decreased by anemia and 
hypoxia (Ganz & Nemeth 2006, 2012; Nemeth & Ganz, 2006; Sangkhae 
& Nemeth, 2017).  

In piglets, in contrast to young animals of other species, this type of 
anemia is an independent disease (Killip & Bennett, 2008; Li et al., 2019). 
The newborn organism of the suckling pig has sufficient quantity of iron, 
which came through the placenta during prenatal development. However, 
they are the most immature of all farm animals. Their body weight does 
not reach 1% of the body mass of sows, and intensive growth is signifi-

cantly ahead of the formation of blood-forming organs and the develop-
ment of their functional activities. While piglets need iron in the amount 
7–10 mg (21 mg/kg of body mass gain), they receive only 1 mg from 
colostrum or milk of sows. Up to 3 weeks of age, piglets will need iron 
from 114 to 200 mg, and with milk they receive only 23–24 mg (Lev-
chenko, 2005). The result above is that the hemocytopogenesis lags bihind 
the needs of the organism.  

For the intensive pig farming prevention of this disease is especially 
necessary (Sjaastad et al., 1996; Batrakov et al., 2005; Kim et al., 2018). 
It was established that after treatment of animals who had this pathology 
the body is not able to realize own potential productivity, and the meat 
loses nutritional qualities and has restrictions on consumption. These 
animals present the pallor of mucous membranes, weight loss and im-
munity reduction, which in turn leads to infectious pathology and even 
death, which can increase by 60–70% (Egeli et al., 1998; Klem et al., 
2010; Cooper et al., 2014).  

In modern veterinary medicine for the prevention and treatment of 
iron deficiency anemia of animals, iron (II) and iron (III) drugs are used: 
oral administration of iron salts (Maes et al., 2011; Svoboda et al., 2015) 
and parenteral administration of iron dextran drugs (Meier et al., 2011; 
Peña-Rosas et al., 2015; Pillay et al., 2018). Their disadvantage is a low 
percentage of suction that does not provide the necessary pharmacological 
effect. Maternal protein restriction depresses the duodenal expression of 
iron transporters and serum iron level in male weaning piglets (Ma et al., 
2017). At the same time, the cost of iron dextran preparations is quite high.  

So, now the pharmaceutical market of veterinary medicines faces the 
an important task of sufficiently ensuring the supply of effective national 
antianemic drugs and minimizing the country's dependence on foreign 
producers (Kalynovska, 2014; Derkach, 2017; Derkach et al., 2018).  
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Scientists, in turn, should devise new veterinary drugs without disad-
vantages of existing ones (Diel et al., 2018; Dos Santos Vieira et al., 2018). 
Such drugs should not have a toxic effect, but on the contrary they should 
act on different levels of pathogenesis and provide effective and inexpen-
sive prevention of iron deficiency anemia of piglets.  

It is known that chelate complexes of  microelements have an advan-
tage over other drugs of the corresponding groups. This is due to the fact 
that they consist of metal ions and ligands, have high biological activity, 
and their digestibility is 95–100%. As a result of the gradual rupture of 
chelate bonds, the drugs have a prolonged effect. After cleavage of micro-
elements, some ligands are able to be used effectively by the body. This 
enables the dose of microelements to be reduced, which is very important 
for the use of heavy metals as active substances of drugs, and for solving 
certain problems (economic, environmental, biological, etc.).  

We have studied a metal complex of iron in a form of clathrochelate 
and with rare valence IV. It is a macrobicyclic co-coordinate compound in 
which the metal ion is "packaged" in a nanocapsule, which hinders inter-
action with the overwhelming majority of reagents, in particular bioli-
gands, and also screens metal from other environmental factors. For the 
first time the synthesis of iron (IV) clathrochelate it was reported as unique 
compounds of iron (IV), which are self-formed in aqueous solutions in the 
presence of oxigen of air (Tomyn et al., 2017). We conducted preclinical 
experiments of its acute and chronic toxicity, cumulative properties 
(Dukhnitsky et al., 2018, 2019, 2020). The results of our studies confirm 
the effectiveness of drugs with the active substance iron (IV) clathroche-
late. Therefore, the objective of this study was to determine the effective-
ness of the use of iron (IV) clatrochelate to prevent the iron deficiency 
anemia of pigs and assess effect of iron in new high valence IV on the 
dynamics of body weight of suckling piglets, hemoglobin content and 
morphological indicators of their blood, biochemical parameters of their 
blood serum, mass particles of iron in the blood, liver and spleen of piglets.  
 
Materials and methods  
 

Maintenance, feeding, care and all manipulations of the animals were 
conducted according to the European Convention for the Protection of 
Vertebrate Animals used for Experimental and other Scientific Purposes 
(Strasbourg, 1986) and “General Ethical Principles of Conducting Expe-
riments on Animals” agreed at The First National Congress in Bioethics 
(Kyiv, 2001). The experiments were conducted in accordance with the 
principles of humanity set out in the directive of the European Community.  

The experiment was carried out on 30 suckling piglets – hybrids of 
Great White and Landrace crossbred pigs during the period of their deten-
tion with sows. The research was conducted on a livestock farm (Kyiv 
region). According to the method of analogue-groups, three groups were 
formed: I control, II experimental, III experimental, each consisting of 10 
animals. Duration of each experiment was 30 days.  

For the purpose of prevention of iron deficiency anemia, on the 
second day of life the piglets were injected intramuscularly: traditional 
solution of iron (III) dextran – in the I control group; iron (IV) dissolved in 
rhepolipolyglukin – in the II experimental group; aqueous solution of iron 
(IV) – in the III experimental group. The solutions were administrated in 
dose of 2 mL for animals and 1 mL contains 100 mg of the active sub-
stance.  

Solvent rheopolyglukin is a plasma-type solution of destrin (polymer 
glucose), the pharmacological effect of which is manifested by the im-
provement of the rheological properties of blood, a decrease in its viscosi-
ty, recovery of microcirculatory blood, prevention and elimination of 
aggregation of uniform elements, normalization of arterial and venous 
circulation. The half-life period is 6 hours. It is excreted mainly by the 
kidneys: in the first 6 hours – about 60%, in 24 hours – 70%. The rest is 
supplied in the reticuloendothelial system and liver, where alpha-glucosi-
dase is gradually split into glucose, but is not a source of carbohydrate 
power. In addition, rheopolyglukin contains sodium chloride, which after 
resorbescence is involved in metabolism and regulation of water metabo-
lism. After the birth of the piglets, on the 7th, 14th and 30th days we de-
termined changes in body weight. On the 7, 14, and 30 days of the life of 
the piglets we monitored hemoglobin content and morphological indices 
of blood, biochemical indices of the blood serum in accordance with the 

recognized methods. On the 30th day samples of blood, liver and spleen 
of piglets were sampled to determine their mass fraction of the iron.  

The results were analyzed statistically using ANOVA. For all statis-
tical calculations, the significance was considered as the value of Р < 0.05. 
Correlation was calculated with Pearson’s coefficient test.  
 
Results  
 

The change in body weight of animals compared to control is a very 
important indicator. Its deviation indicates the degree of damage to the 
body. Changes in body weight are especially important for young animals. 
As the age of the animal increases, the weight gain becomes lower.  

We found that the dynamic of changes in body weight of piglets in 
the control and experimental groups differs during the experimental pe-
riod. But on the 30th day of the experiment the body weight of piglets of 
I control and III experimental was the same, and the body weight of pig-
lets of the II experimental group was the highest (Table 1).  

Table 1  
Change in the body weight (g) of piglets under the influence of iron (III)  
and iron (IV) (x ± SE, n = 10)  

Day of research Сontrol 
Iron (IV) 

clatrochelate +  
rheopolyglukin  

Iron (IV)  
clatrochelate +  

aqua for injection 
Before the use of iron 1795 ± 31 1788 ± 26 1779 ± 60 
7th 2950 ± 39  3526 ± 67**     3680 ± 67** 
14th 3627 ± 53  3920 ± 143     3892 ± 33** 
30th  6500 ± 164 6683 ± 48 6500 ± 47 
Note: control – I control group, iron (IV) clatrochelate + rheopolyglukin – II experi-
mental group, iron (IV) clathrochelate + aqua for injection – III experimental group;  
* – Р < 0.05, ** – Р < 0.01 – differences are likely to be in relation to the control 
group.  

Therefore, the body weight of piglets in II experimental and III expe-
rimental groups on the 7th day (after using the test substance) was higher 
than in the control by 20% and 25%; on the 14th day – by 8% and 7% 
respectively. However, after 30 days the body weight of piglets of the 
III experimental group did not differ from the body weight of piglets of 
I control group and the body weight of piglets of II experimental group 
was higher than in the control group by 3% appropriately.  

The blood system is one of the most mobile systems and responds 
quickly to changes in homeostasis of body. This is especially important 
for newborn piglets with "physiological" iron deficiency in the first days 
of life. Morphological parameters of the blood of piglets of the experimen-
tal groups were compared with the control. We analyzed the dynamics of 
changes in erythrocyte count, content of hemoglobin and indicator hema-
tocrit (Table 2). This finding is supported by the fact that the concentration 
of hemoglobin in the blood is directly dependent on the number of red 
blood cells (Khariv, 2013; Grabovskyi, 2014). From the data shown in 
Table 2, it follows that on the 14th day after the use of iron (IV) in the 
blood of piglets of the II experimental group, the number of erythrocytes, 
hemoglobin and hematocrit increased by 1.7, 1.3, 1.1 (P < 0.05, P < 0.01) 
times, respectively, and in the blood of piglets of the third experimental 
group these indicators increased by 1.7, 1.6, 1.1 (P < 0.01) times, respec-
tively, compared to the control. The research period (14 days) is characte-
rized by the fact that the piglets' body has already used the reserve of iron 
(up to 7 days), and its receipt with mother’s milk satisfies the needs of the 
piglets’ body only by 10–15%. Therefore, the use of iron-containing drugs 
based on iron (IV) clathrochelate prevented the development of erythrocy-
topenia and hypohemoglobinemia as a result of inhibition of hemocyto-
poietic function of the bone marrow in iron deficiency.  

At the 30th day the amount of erythrocytes, content of hemoglobin 
and hematocrit in the blood of piglets of II experimental group were high-
er than in animals of the control group, and in the blood of piglets of 
III experimental group almost did not change compared to control.  

The dynamics of probable changes (P < 0.01, P < 0.001) of indicators 
MCV, MCH and MCHC complement the described changes and indicate 
a high prophylactic antianemic effect of iron (IV) clathrochelate which is 
dissolved in solvents such as water for injection and rheopolyglukin. 
On the 14th day after the use of drugs of iron (IV) the number of leuko-

420 



 

Regul. Mech. Biosyst., 2020, 11(3) 

cytes increased in 1.3 (P < 0.05) times in the blood of piglets of the 
II experimental group and by 1.6 (P < 0.01) times in the blood of piglets 
III experimental group compared to control. At 30th day this figure was 
almost no different from the control.  

According to the results of the experiments, indicators PLT and MPV 
in piglets of the experimental groups did not change significantly for 
30 days. At the same time, the ESR in piglets of both experimental groups 
was in 1.2–1.3 times lower than the control during the experimental pe-
riod. Under the influence of preparations of iron (IV) clathrochelate, the 
leukogram of blood of piglets was characterized by significant changes 
(Table 3). It should be noted that on the 14th and 30th day of the research 
the dynamics of the number of band cells and segmented granular cells 
nucleus in the blood of piglets of experimental groups differed from con-
trol. In particular, the number of band neutrophils was lower in the blood 
of piglets of the II experimental group by 2.2 and 2.6 (P < 0.01), respec-

tively, and in blood of piglets of the III research group – by 2.6 and 3.3 (P 
< 0.05, P < 0.01), respectively, compared to I control group. The amount 
of segmented neutrophils in the blood of piglets of both experimental 
groups was conversely slightly higher than in control.  

The amount of monocytes in the blood of piglets of II and III experi-
mental groups for 14 days had decreased in 2.0 and 3.0 (P < 0.05) times, 
respectively, compared with the control. And on the 30th day of experi-
ment in the blood of piglets of II experimental group this indicator did not 
differ from the control. However, in the blood of piglets of III experimen-
tal group the amount of monocytes was lower. The number of lympho-
cytes and eosinophils in the blood of piglets of both II and III experi-
mental groups almost did not differ from the indicators of piglets of 
I control group. Basophils, promyelocytes, myelocytes, methomilocy-
tes, and plasma cells were not detected in the blood of animals during 
the experiment.  

Table 2  
Hemoglobin content and morphological indicators of blood of piglets under the influence of iron (III) and iron (IV) (x ± SE, n = 10)  

Indicator Day of research Сontrol Iron (IV) clathrochelate + 
rheopolyglukin 

Iron (IV) clathrochelate + 
aqua for injection 

Erythrocytes, 1012/L 14th 4.04 ± 0.57 6.74 ± 0.07** 6.56 ± 0.03** 
30th 6.86 ± 0.09 7.54 ± 0.07** 6.93 ± 0.07 

MCV (mean erythrocytes volume), μm3 14th 62.9 ± 0.3 67.1 ± 1.0* 64.2 ± 0.3 
30th 58.6 ± 0.7 62.2 ± 0.8* 62.0 ± 0.8 

RDW (red blood cell distribution width), % 14th 14.69 ± 0.08 15.27 ± 0.19 15.21 ± 0.08** 
30th 13.25 ± 0.14 13.60 ± 0.05 13.22 ± 0.03 

Hemoglobin, g/L 14th 79.6 ± 1.0 102.0 ± 6.0* 123.5 ± 0.6** 
30th 121.6 ± 0.7 132.0 ± 0.5** 127.0 ± 0.5** 

MCH (mean corpuscular haemoglobin), pg 14th 18.7 ± 0.1 19.2 ± 0.5 18.4 ± 0.1* 
30th 17.2 ± 0.1 17.9 ± 0.1** 17.6 ± 0.2 

МСНС (mean corpuscular hemoglobin concentration), % 14th 29.5 ± 0.1 28.7 ± 0.1** 28.6 ± 0.2 
30th 29.3 ± 0.2 29.7 ± 0.3 29.1 ± 0.1 

Hematocrit, vol% 14th 37.5 ± 1.0 42.8 ± 1.4** 41.5 ± 0.5** 
30th 42.0 ± 0.4 45.9 ± 0.4** 42.7 ± 0.2 

Leukocytes, 109/L 14th 8.0 ± 0.4 10.0 ± 0.5* 12.6 ± 0.5** 
30th 10.6 ± 1.0 11.6 ± 0.5 13.3 ± 0.7* 

Plateles, 103/mm3 14th 419.0 ± 4.2 427.9 ± 10.3 464.2 ± 4.5** 
30th 458.4 ± 2.0 441.4 ± 10.9 468.7 ± 6.1* 

MPV (mean platelet volume), μm3 14th 9.0 ± 0.47 9.08 ± 0.17 8.66 ± 0.13 
30th 9.68 ± 0.43 9.82 ± 0.11 10.19 ± 0.34 

ESR (erythrocyte sedimentation rate) 14th 4.0 ± 0.15 3.3 ± 0.15* 3.0 ± 0.21* 
30th 4.0 ± 0.14 3.0 ± 0.15** 3.5 ± 0.16* 

Note: control – I control group, iron (IV) clathrochelate + rheopolyglukin – II experimental group, iron (IV) clathrochelate + aqua for injection – III experimental group; * – Р < 
0.05, ** – Р < 0.01 – differences are likely to be in relation to the control group.  

Table 3  
Leukogram (%) of blood of piglets under the influence of iron (IІІ) and iron (IV) (x ± SE,  n = 10)  

Indicator Day of research Сontrol Iron (IV) clathrochelate + 
rheopolyglukin 

Iron (IV) clathrochelate + 
aqua for injection 

Basophils 14th 0 0 0 
30th 0 0 0 

Eosinophils 14th 4.03 ± 0.33 5.12 ± 0.82 4.51 ± 0.42 
30th 5.10 ± 0.98 4.70 ± 0.31 5.52 ± 0.41 

Band cells 14th 5.11 ± 0.23     2.31 ± 0.25**   3.90 ± 0.21* 
30th 4.11 ± 0.22     1.49 ± 0.15**     1.21 ± 0.14** 

Segmented granular cells nucleus 14th 46.2 ± 0.5 48.7 ± 0.3     49.2 ± 0.3** 
30th 55.9 ± 1.3   61.1 ± 0.8* 55.1 ± 0.3 

Lymphocytes 14th 39.9 ± 1.4 40.1 ± 1.3 43.1 ± 0.5 
30th 32.1 ± 0.5     29.0 ± 0.3**     37.4 ± 0.5** 

Monocytes 14th 6.03 ± 0.26   3.04 ± 0.49*   3.21 ± 0.42* 
30th 5.02 ± 0.49 5.03 ± 0.26     2.02 ± 0.32** 

Note: control – I control group, iron (IV) clathrochelate + rheopolyglukin – II experimental group, iron (IV) clathrochelate + aqua for injection – III experimental group; * – Р < 
0.05, ** – Р < 0.01 – differences are likely to be in relation to the control group.  

The underlying of biological action of chemical factors is the distur-
bance of a number of biochemical processes. The main importance of this 
are structural and metabolic complexes, which are associated with the 
synthesis of protein, bioenergetic metabolism of chemical compounds and 
the process of catabolism. Biochemical investigations include tests of 
indicators that reflect the functional state of individual organs (Fig. 1).  

The results of this tests on piglets showed that on the 7th, 14th and 
30th days iron content in the blood serum of II experimental group was 
higher by 1.7, 2.3, 1.5 (P < 0.01) times respectively, and iron content in the 

blood serum of piglets of III experimental group – by 1.5, 1.4, 1.2 (P < 
0.05, P < 0.01) once, respectively, compared to control. The high level of 
iron in the blood serum of piglets of II experimental group is indicative of 
fact that the iron (IV) clathrochelate which dissolved in reopolipolyglukin 
creates  its reserve in blood serum for a long period of time. Considering 
the changes in the dynamics of the other biochemical parameters of blood 
serum (Table 4) for 30 days important information was obtained about the 
metabolism in the body of piglets under the influence of iron in the va-
lence III and IV.  
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Fig. 1. The iron content in blood serum of piglets under the influence  

of iron (ІІІ, IV): control – I control group, iron (IV) clathrochelate + rheo-
polyglukin – II experimental group, iron (IV) clathrochelate + aqua for 

injection – III experimental group; * – Р < 0.05, ** – Р < 0.01 – differenc-
es  

are likely to be in relation to the control group; x ± SE, n = 10  

Table 4  
Biochemical indicators of blood serum of piglets  
under the influence of iron (ІІІ) and iron (IV) (x ± SE, n = 10)  

Indicator Day of 
research Сontrol 

Iron (IV) 
clathrochelate + 
rheopolyglukin 

Iron (IV) 
clathrochelate + 
aqua for injection 

Total protein, g/L 
7th 45.8 ± 0.3 47.1 ± 0.5 44.6 ± 1.6 
14th 44.6 ± 1.2     50.5 ± 0.6**     52.7 ± 0.8** 
30th 47.1 ± 0.5 48.7 ± 0.5     50.4 ± 0.3** 

Albumins, % 
7th 53.2 ± 0.8 53.5 ± 0.7 54.4 ± 0.2 
14th 54.7 ± 0.5     62.4 ± 0.7**     52.1 ± 0.3** 
30th 58.1 ± 1.0 57.4 ± 0.9 57.9 ± 0.2 

α1- globulinis % 
7th 2.40 ± 0.13     3.0 ± 0.09** 2.60 ± 0.08 
14th 2.20 ±0.15 2.10 ± 0.11 1.10 ± 0.02 
30th 1.90 ± 0.09     2.90 ± 0.08**     1.70 ± 0.16** 

α2- globulinis, % 
7th 10.67 ± 0.59  8.95 ± 0.68 11.16 ± 0.73 
14th 10.16 ±0.34    12.41 ± 0.39**     13.19 ± 0.12** 
30th 9.91 ± 0.28 11.29 ± 0.52   9.23 ± 0.02 

β- globulinis, % 
7th 16.78 ± 0.26   12.76 ± 0.67** 16.28 ± 0.12 
14th 14.04 ±0.47 15.25 ± 0.17*     17.19 ± 0.14** 
30th 12.18 ± 0.37   15.56 ± 0.18**     17.17 ± 0.13** 

γ- globulinis, % 
7th 17.04 ± 1.24   21.32 ± 0.29* 15.08 ± 0.51 
14th 16.47 ±0.42 17.12 ± 1.28 15.51 ± 0.13 
30th 16.56 ± 0.39    12.81 ± 0.72**     15.48 ± 0.14** 

Coefficient, А/G   
7th 1.11 ± 0.04 1.20 ± 0.03 1.20 ± 0.01 
14th 1.32 ±0.04     1.60 ± 0.06**     1.10 ± 0.01** 
30th 1.51 ± 0.06 1.40 ± 0.05 1.10 ± 0.01 

Glucose, mmol/L   
7th 7.50 ± 0.12 7.38± 0.35 6.80 ± 0.29 
14th 6.80 ±0.19 7.02 ± 0.22 6.30 ± 0.11 
30th 6.40 ± 0.11 6.10 ± 0.20     5.40 ± 0.20** 

Inorganic 
phosphorus, 
mmol/L 

7th 3.80 ± 0.06 3.90 ± 0.11 3.80 ± 0.15 
14th 3.40 ±0.12     2.70 ± 0.07**     2.60 ± 0.03** 
30th 2.60 ± 0.14 3.00 ± 0.10   3.30 ± 0.01* 

Total calcium, 
mmol/L 

7th 2.80 ± 0.06 2.80 ± 0.02     3.11 ± 0.04** 
14th 2.50 ±0.11 2.70 ± 0.04   2.90 ± 0.08* 
30th 2.50 ± 0.14 2.60 ± 0.05 2.70 ± 0.03 

Note: control – I control group, iron (IV) clathrochelate + rheopolyglukin – II expe-
rimental group, iron (IV) clathrochelate + aqua for injection – III experimental group;  
* – Р < 0.05, ** – Р < 0.01 – differences are likely to be in relation to the control 
group.  

It was been shown in this experiment that on 7th day probable 
changes of some rates were only in the blood serum of piglets of II expe-
rimental group, which received iron (IV) clathrochelate in combination 
with rhepolyglukin. In particular, content of total protein, α1-, β- and γ-
globulins increased. After 14 days, the probable increase of levels of total 
protein, α2-, β- and γ-globulins were found in blood serum piglets of both 
experimental groups. The albumin content in blood serum of II experi-
mental group was probably increased by 14%, however in blood serum of 
III experimental group this indicator decreased by 5%. After 30 days 
levels of total protein, α2-, β-globulins in blood serum of piglets of both 

experimental groups were probably higher compared to control. The con-
tent γ-globulins in blood serum piglets of both research groups was lower 
than control. At the same time, the levels of glucose, total calcium and 
inorganic phosphorus in the blood serum of piglets of both experimental 
groups were not substantially different from control during our experi-
ment. Also our studies have established that the iron content in the blood, 
liver and spleen of experimental piglets depended on the drug used (Fig. 2).  

  
Fig. 2. Mass fraction of iron in of blood, liver and spleen of piglets  
under the influence of iron (ІІІ, IV) drugs: control – I control group,  
iron (IV) clathrochelate + rheopolyglukin – II experimental group;  
* – Р < 0.05, ** – Р < 0.01 – differences are likely to be in relation  

to I the control group; x ± SE, n = 5  

According to the results of the experiments, on the 30th day of expe-
riment the iron content in of blood, liver and spleen of piglets of II experi-
mental group (used solution of combination iron (IV) with rheopolyglu-
kin) was higher by 25 and 10% respectively, compared to I control group 
(used solution of combination iron (III) with dextran).  
 
Discussion  
 

Improving the prevention of iron deficiency anemia of swine as one 
of the most common noncontagious diseases of animals of this type does 
not lose its relevance all over the world. Recent literature confirms this. To 
better assess the iron status scientists have developed a novel mass spec-
trometry assay to quantify pig plasma levels of the iron-regulatory peptide 
hormone hepcidin-25, which is predominantly secreted by the liver and 
acts as a negative regulator of iron absorption and reutilization. Their data 
show that plasma hepcidin-25 levels can guide optimal dosing of iron 
treatment and pave the way for mixed supplementation of piglets starting 
with intramuscular injection of iron dextran followed by dietary supple-
mentation, which could be efficient under conditions of very low plasma 
hepcidin-25 level (Starzyński et al., 2013). Нowever, according to data 
from the literature, some authors (Lipiński et al., 2013) state that the 
progress has been made in uncovering the molecular mechanisms of fetal 
iron homeostasis, introducing the molecules involved in iron transfer 
across the placenta, and briefly explain the role of iron transporters in the 
absorption of this microelement during early postnatal life. Also new 
perspectives on the regulation of iron absorption via cellular zinc concen-
trations are studied (Knez et al., 2017).  

It should be noted that the question of the iron deficiency anemia can 
be studied both in relation to sows and in relation to fetuses/suckling pig-
lets. Furthermore, stillbirth rates might be reduced by increasing the HbC 
of the sow. Some studies have indicated that high piglet blood hemoglo-
bin concentration (HbC) at birth lead to better performance later in life. 
Such experiments may be in different directions: the primary objective of 
this study was to investigate the association between sow and piglet blood 
HbC at farrowing; a secondary objective was to investigate the relation-
ship between sow HbC and probability of stillbirths. Intramuscular injec-
tion of two doses of 2500 mg iron two weeks apart at mid-gestation did 
neither change hematological variables in sows nor in the piglets at farro-
wing. Similarly, iron treatment did not reduce the probability of stillbirths 
among the offspring. Much of this research has demonstrated that the 
sows recruited in study tolerated the iron injections well. Further characte-
rization of erythrocytes did not indicate that sows had iron deficiency 
anemia at baseline (Bhattarai et al., 2019). The result of those authors 
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indicate that HbC in newborn piglets may be increased by increasing the 
sow HbC.  

The results of our experiments coincide with the data (Lipinski et al., 
2010; Lipinski et al., 2013; Chen et al., 2019) provided by other resear-
chers and demonstrate that the using newborn piglets as a model for iron 
deficiency is a convenient animal model for performing preclinical stu-
dies. As we know, рarenteral iron supplementation by a unique intramus-
cular administration of large amounts of iron dextran is current practice for 
the treatment of iron deficiency anemia in piglets. However, the results of 
our experiments concur with the conclusions of other authors (Szudzik 
et al., 2018; Chen et al., 2019; Szudzik et al., 2020) that iron supplementa-
tion is necessary to avoid iron deficiency anemia in the neonatal period.  

Scientists have compared the effects of routinely used protocol by 
intramuscular injection of high amount of iron dextran and a modified 
strategy by split iron supplementation with reduced amounts of iron. 
The results showed that split iron supplementation efficiently improved 
hematological status of piglets and attenuated the induction of hepcidin 
expression, which resulted in the recovery of piglets from iron deficiency 
and the increase of iron utilization. With this aim, the objective of another 
study was to develop an encapsulated iron supplement for oral ingestion 
and to determine its effect on the iron nutrition status of suckling pigs 
(Churio et al., 2018).  

We determined that iron in new high valence IV has antianemic ac-
tion in the body of suckling piglets, which is important to their life in con-
trast to young animals of other species. We demonstrated that increase of 
body weight of pigs of II and III experimental groups in comparison with 
the control 7 days after the administration of solutions of iron (IV) by 576 
and 730 g; after 14 days – by 293 and 265 g, respectively, testifies to acti-
vation of synthesis processes in their body. Under the influence of iron 
(IV) clathrochelate hemocytopoeis was stimulated in piglets of both expe-
rimental groups, which indicates that it is probably higher in content of 
hemoglobin, hematocrit and the number of erythrocytes in their blood, 
compared to the indicators of piglets of I control group. After the use of 
drugs of the iron (IV) clathrochelate iron content in the blood serum of 
piglets of II and III experimental groups was higher than in the control by 
1.5–2.3 and 1.2–1.5, respectively. High levels of iron in blood serum of 
piglets of the II experimental group for 30 days testifies to the ability of 
iron (IV) clathrochelate which was dissolved in the rheopolyglukin to 
create the stock of iron for a long time. The high bioavailability of the iron 
(IV) clathrochelate which dissolved in rheopolyglukin, compared to the 
dextran drugs of iron, is confirmed by a high iron content in the blood, 
liver and spleen of piglets in both experimental groups by 25 and 10%, 
respectively.  
 
Conclusion  
 

Therefore, we demonstrated the higher antianemic efficiency of iron 
(IV) drugs compared to the traditional iron dextran drugs. We demonstra-
ted the data of change of body weight, morphological and biochemical 
parameters of blood and blood serum of suckling piglets during the period 
of 30 days. Our results indicate that iron (IV) clathrochelate complexes 
which were dissolved in water for injection and rheopolyglucin had higher 
antianemic activity compared to the control. In the background of the 
overall positive effect we showed similar  dynamics of probable changes 
in the number of erythrocytes, hemoglobin content and hematocrit, iron 
content in serum and its mass fraction in the blood, liver and spleen of 
piglets too. The effectiveness of the action of iron (IV) clathrochelate 
complexes is demonstrated by the full supply of piglets with iron and its 
higher bioavailability.  
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