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Abstract
The effects of diatomaceous earth-based drugs, Diatomite and Biokoretron, on morpho-
functional parameters, blood chemistry, antibody mediated non-specific immunity and
growth of post-weaning pigs were investigated. The studies showed that both drugs
had growth promoting and antianemic effects on the weaned pigs, increased the
protein and mineral metabolism rate, and stimulated non-specific immunity factors.
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1. Introduction

The improvements in beef cattle breeding and pork production in the Russian Federa-
tion acquires the status of the strategic development of the national food base in light
of import substitution program. Pig breeding plays an important role in providing the
population with meat [1]. However, due to the atmosphere and planet surface pollution
with industrial wastes, feed and feed supplements used in animal husbandry often
contain toxic substances (heavy metals, pesticide residues, etc.), which are potentially
harmful for the animals. Such feeding leads to metabolic disorders, various diseases
and depresses animal reproductive functions [2].

Among farm animals, pigs are most susceptible to the lack of certain nutrients, with
special attention given to mineral substances. Mineral deficiency leads to metabolic
disorders, functional deterioration of the major body systems and emergence of various
diseases [3].

In recent years, Russian and foreign researchers have demonstrated that enterosor-
bents have a corrective effect on the digestion and the body health as a whole [3--7]. It
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was found that the enterosorbent supplementation of the diets of young pigs with inter-
nal pathologies promotes healing through normalization of metabolic processes and
improvements in natural resistance [8]. Natural mineral sorbent-based drugs contribute
to slower passage of the digestive tract contents by sorbing exo- and endotoxins with
following evacuation from the body [9--11]. The intestine fermentation and putrefaction
rate is reduced, therefore improving the digestive process. The marked ion-exchange
properties of these drugs promote an extensive intake of macronutrients and trace
elements [5].

In a wide variety of mineral based drugs, diatomaceous earth has a special position
because its formation occurred as a result of mineralization of the organic matrix of
ancient vegetation. Diatomaceous earth is a natural mineral that appears as a loose, light
finely porous rock mostly composed of tiny (0.0--0.04 mm) opal skeletons of diatoms. Its
average density is typically less than 100 kg/m3, the porosity is 70--75 %. Diatomaceous
earth is white, yellow, and sometimes dark gray and brownish-gray. It contains soluble
silica (80--87 %), iron oxide (3.2 %), aluminum oxide (5--7 %), calcium oxide (0.7--1.2 %),
zinc, copper, and manganese chelates (0.043 %), betaine (0.48 %) and impurities such
as clay, sand, and glauconite.

Diatomite (diatomaceous earth fine powder) and Biokoretron drugs were manufac-
tured using diatomaceous earth from Inza deposit, Ulyanovsk region, Russia, at Diatom
Integrated Plant LLC.

Biokoretron comprises heat-treated diatomaceous earth (97 %). It also contains Bacil-
lus licheniformis and Bacillus subtilis-based additives, and ester oil complex. It belongs
to natural adsorbents, is environmentally friendly and meets the requirements for this
type of products.

Given themultifactorial positive biological effects associated with diatomaceous earth
based drugs, their safety and low cost, as well as insufficient information regarding them,
we set the following objective of the study.

The study was aimed to improve the measures intended to elevate the adaptation
stability of young pigs in the large-scale enterprise environment.

The study scope included investigation of the effect of Diatomite and Biokoretron
drugs on morpho-functional parameters, blood chemistry and antibody mediated non-
specific immunity and growth of post-weaning pigs.
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2. Materials and Methods

2.1. Research subject

An industrial experiment within the Diatomite and Biokoretron trial was performed at
Komsomolets LLC pig farm, Kinel district, Samara region, Russia.

Effect of drug on morphological and functional characteristics was studied in 1--1.5-
month healthy pigs within 30 days. Experiment design involved use of 30 animals
randomized to 3 groups of 10 animals: Group 1 received Diatomite (diatomaceous
earth fine powder) in pure form; Group 2 received another diatomaceous earth based
drug, Biokoretron; and Group 3 represented the control and received a diet according
the feeding regimen established at the farm. The diet was mainly based on fodder
composed of wheat (40 %) and barley (60 %). Experimental drugs were administered
daily during the morning and evening feeding assuming 1 g/kg daily feed.

The blood samples were taken on the Days 1, 10 and 30 for subsequent CBC, blood
chemistry and immunological studies. Subject animals' health, survival and growth rate
were monitored throughout the experiment. Body weight was assessed at the baseline
and at the end of the study.

Hematology and blood chemistry tests were performed using Celly 70 veterinary
hematology system (BioCode--Hycel, France SA) and Mindray BS-380 chemistry ana-
lyzer (Mindray, China) with commercial kits.

To evaluate serum non-specific resistance, we determined bactericidal activity using
Escherichia coli O111 test culture, and lysozyme activity using 1-day culture of Micrococ-
cus luteus 2665 strain obtained from Scientific Centre for Expert Evaluation of Medicinal
Products. Statistical processing of the data obtained was performed using Microsoft
Office Excel 2010.

3. Results

The analysis of obtained results suggested a positive effect of the drugs tasted on the
animal body weight gain. Thus, pig weight at baseline was of 15.0 ± 0.9 kg in the Group
1, 15.3 ± 1.1 kg in the Group 2 and 15.1 ± 1.0 kg in controls. As early as on Day 10, body
weight gain was 29.3 % (p < 0.01) and 38.2 % (p < 0.01) in the Groups 1 and 2 vs. control
group, respectively. At the end of the experiment, these differences were of 40.4 % (p
< 0.001) and 45.7 % (p < 0.001), respectively.
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Therefore, in the Group 1 where the animals received feed supplemented with
Diatomite, body weight increased by 11.6 kg within 30 days; in the group receiving
Biokoretron, the gain was of 11.1 kg. In the control group, the weight gain was only 3.7
kg, i.e. three times less than in the treatment groups.

Thus, Diatomite and Biokoretron have a marked effect on the animal growth rate.

Analysis of the laboratory findings indicated that both pure diatomaceous earth and
Biokoretron have a positive effect on the animal homeostasis parameters.

When evaluating blood hematology regarding RBC, it was revealed that animals in
Group 1, Group 2 and control group had reduced RBC count (5.9 ± 0.2, 5.4 ± 0.3, and
5.7 ± 0.6 × 1012/L), Hb (75.4 ± 2.7, 75.0 ± 3.3, and 74.0 ± 5.4 g/L), and hematocrit
values (27.1 ± 0.7 %, 27.8 ± 1.3 %, and 26.7 ± 2.3 %) at the baseline. By the end of
experiment, Group 1 receiving Diatomite demonstrated 9.5 % increase in the RBC count
vs. the control group (p < 0.05). Together with an increase in hemoglobin by 17.8 % and
hematocrit by 19.9 %, this suggests the beneficial effect of Diatomite on hematopoiesis,
which ultimately enhances redox reactions in the tissues and improves metabolism. In
addition, the parameters used to assess the clinical anemias, mean corpuscular volume,
mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration were
5.9 %, 8.2 % and 3.0 % higher in Group 1 vs. control, respectively, which also confirms
the stimulating effect of Diatomite on erythropoiesis and hematopoiesis.

Group 2 (pigs receiving Biokoretron) was not able to demonstrate any significant
difference in RBC parameters vs. controls. Thus, the drug has no stimulating effect on
erythropoiesis in this period, and all the changes revealed were within the physiological
range.

Baseline WBC count in all groups was at the upper normal level (22.0--22.1 × 109/L),
but this is a known effect observed in young animals in the presence of a common set
of stress factors during weaning. After treatment, a decrease in this parameter by 26.8
and 20.0 % from the baseline was found in Groups 1 and 2, respectively; the resulting
values were within the physiological range. However, in these groups WBC was 10.2
% (p < 0.05) and 3.0 % higher vs. the control group, respectively, which can indirectly
indicate a higher level of non-specific immune cell activity. WBC differential suggested
no abnormalities or fluctuations in WBC type counts and percentages during the study.

Protein metabolism assessment revealed that all the groups had a reduced total
protein content at the baseline (45.58 ± 3.92, 46.02 ± 1.26, and 45.52 ± 4.79 g/L
in Group 1, Group 2 and control group, respectively), which in this case is typical
of nutritional protein metabolism disorders. Subsequently, a dynamic increase in this
parameter was observed in all groups. However, the animals in treatment groups had
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higher protein level than the intact counterparts. At the end of the experiment, total
protein was significantly increased by 3.0 % in Group 1 (Diatomite) and by 7.2 % in
Group 2 (Biokoretron) vs. controls (p < 0.05). These conformed to the changes in
albumin protein fraction. By Day 30, albumin level in the Groups 1 and 2 exceeded
the control value by 1.2 and 18.3 %, respectively (p < 0.05).

A similar trend was observedwith respect to urea level. Urea production is considered
a very stable liver function that characterizes both the liver status and the protein
metabolism rate. Our studies allowed revealing that by the end of the experiment Group
2 demonstrated 3.7 % higher urea level vs. the control group (p < 0.05) while in Group
1 this parameter remained at the control level.

Thus, the use of diatomaceous earth based drugs stimulated liver metabolic activity
that resulted in an increase in protein production and utilization.

When assessing mineral metabolism in pigs, it can be noted that the calcium content
was significantly lower than normal range in all groups. Its value was of 1.44 ± 0.27
mmol/L in Group 1, 1.51 ± 0.12 mmol/L in Group 2, and 1.46 ± 0.08 mmol/L in control
group. Baseline phosphorus levels were within the reference range (2.04 ± 0.29, 2.15
± 0.10, and 1.98 ± 0.11 mmol/L in Group 1, Group 2 and control group, respectively).
As a result, there was an abnormal calcium-phosphorus ratio of 0.7, 0.5 and 0.6 in
Group 1, Group 2 and control group, respectively, that was due to low calcium and
optimal phosphorus levels. Alkaline phosphatase activity was at the upper limit of the
reference range (195.8 ± 33.7, 198.2± 23.7, and 201.0± 31.7 IU/L in Group 1, Group 2 and
control group, respectively). Thus, the experimental animals had changes characteristic
of rickets.

Throughout the experiment, total calcium level dynamically increased in all groups
due to common practice established at the farm, however, the animals receiving the
drug had more marked changes. At the end of the study, serum calcium concentrations
were 1.99 ± 0.14, 2.08 ± 0.15, and 1.85 ± 0.16 mmol/L in Group 1, Group 2 and control
group, respectively. Thus, calcium level was 7.6 % higher in the Diatomite treated group
and 12.4 % higher (p < 0.05) in Biokoretron treated group vs. controls.

Serum phosphorus dynamics was also positive in all treated animals. By the end
of experiment, the phosphorus levels was 30.8 % and 25.5 % higher in Group 1 and
Group 2 vs. the control values, respectively, but these differences were not statistically
significant.

Calcium-phosphorus ratio significantly changed vs. baseline and was of 1:1 in all
groups.
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Alkaline phosphatase activity increased in all groups throughout the experiment and
reached maximum values by Day 30 (436.0 ± 46.1, 459.0 ± 16.5, and 284.0±70.1 IU/L in
Group 1, Group 2 and control group, respectively), exceeding the control value by 53.1
and 61.3 % in Group 1 and Group 2. Alkaline phosphatase is produced by liver, bone
tissue, intestine, placenta, and kidneys; in this case, the increase in alkaline phosphatase
activity was driven by bones because serum calcium didn't reach the lower normal
limit by the end of study. The alkaline phosphatase is known to stimulate osteoblast
activity, and this supports the activation of osteoplastic process in piglets receiving the
experimental drugs. Thus, all the changes indicated an increased mineral metabolism
rate in treatment groups.

Iron is involved in redox reactions and is an essential part of hemoglobin. Optimal
blood iron levels create the necessary conditions for improving the hematopoiesis.

Throughout the experiment, iron concentration was reduced (8.8 ± 2.8, 8.4 ± 2.1,
and 9.0 ± 3.4 mmol/L in Group 1, Group 2 and control group, respectively). However, by
the end of the experiment it reached physiological range both in treatment and control
groups. Its difference vs. the control was 4.7 % in Diatomite treated group (p < 0.05)
and 41.6 % in Biokoretron treated group (p < 0.01). Thus, the use of diatomaceous earth
based drugs optimizes blood iron levels.

Diatomaceous earth based drugs had a significant effect on the non-specific resis-
tance.

The data obtained allowed revealing low level of serum bactericidal activity that was
of 23.7 ± 1.15 %, 24.0 ± 2.03 %, and 23.1 ± 7.52 % in the control group, Group 1 and
Group 2, respectively.

However, as early as on Day 10 serum bactericidal activity significantly increased in
treatment groups while decreasing in the control group. On Day 20, serum bactericidal
activity level increased 1.7-, 2.2- and 2.4-fold in the control group, Group 1 (Diatomite)
and Group 2 (Biokoretron) vs. baseline, respectively. These findings were statistically
significant (p ≤ 0.01 or p ≤ 0.001). This is due to the fact that all the treated and control
pigs were administered with an antibiotic drug in order to prevent intestinal infections.
It is known that antibiotics affect the level of serum bactericidal activity that resulted in
increased parameters.

By the end of the experiment, all groups of animals demonstrated a decrease in
serum bactericidal activity levels. On Day 30, pigs were 2--2.5 month old, and might be
already affected by aging changes resulting in decreased activity of natural resistance
that is balanced out by specific immunity stimulation. The non-specific resistance is
known to be most active in the first months of life, while the specific immunity is formed
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and reinforced later on because of contact with environment as well as due to the
planned vaccinations.

The data obtained shows that the pigs in treatment groups had 1.6-fold (Biokoretron)
and 1.3-fold (Diatomite) higher bactericidal activity vs. the control counterparts. There-
fore, study of serum bactericidal activity revealed a clear trend of superiority of Groups
1 and 2 over the control group.

The serum lysozyme activity at the baseline was of 34.1 ± 3.0 % in Group 1, 33.2 ±
3.4 % in Group 2, and 34.8 ± 3.3 % in control group.

By Day 10, serum lysozyme activity in control group decreased by 5.6 %. However,
it increased 2.1- and 5.2-fold in Groups 1 and 2, respectively. The decrease in serum
lysozyme activity in the control group was associated with stress due to in-process
movements within the pig farm. On Day 20, all the groups demonstrated a sharp
decline in the blood lysozyme levels. The decline was the least in the group receiving
Biokoretron, lysozyme activity in this group was 1.9-fold higher than in the control group
(p ≤ 0.01). Diatomite treated group had 1.4-fold difference with a control group. The
decrease in serum lysozyme activity in the treatment groups was associated with
stress due to in-process movements within the pig farm. It is known that the effect
of stress factors is the most common in an exposition to a number of etiological factors
suppressing both total immunity and its individual components and may cause serious
complications depending on the effect degree. The use of test drugs in treatment groups
allowed not only maintaining but also increasing in the lysozyme level vs. baseline.

At the end of the experiment, the highest level of lysozyme activity was in the group
comprising Biokoretron treated pigs (39.5 ± 1.2 %). In Diatomite treated group, the
lysozyme activity was of 34.2 ± 3.5 % vs. 31.2 ± 1.1 % in the control group.

Thus, by the end of the experiment the lysozyme activity level in Group 2 (Biokoretron)
increased 1.2-fold compared to the baseline values. No changes were observed in
Group 1 (Diatomite) vs. baseline. In the control group, serum lysozyme activity declined.
Thus, the use of Biokoretron and Diatomite stabilized serum lysozyme activity, while
neutralizing the severity of external pathological factors.

Therefore, Biokoretron and Diatomite upregulate non-specific immunity factors. The
test drugs stabilize and stimulate serum bactericidal and lysozyme activities in techno-
logical and alimentary stresses, as well as when using antibiotics. Thus, they mitigate
the effect of negative factors on the pig body.

The complex effect of drugs on the various functional components of body is asso-
ciated with their mechanism of action. Diatomite based drugs primarily affect the gas-
trointestinal tract along its entire length. When moving on the gastrointestinal tract,
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the adsorbent enhances intestinal motility and intestinal contents evacuation due to
receptor irritation. Specific structure of the adsorbent crystal lattice enables sorption
of toxins in the bowel lumen. The mineral contains a number of macronutrients and
trace elements, which may be exchanged with intestinal content, thereby improving
the intestine functions and directly affecting metabolism after intake. All above effects
increase digestibility and absorption of feed nutrients, improve metabolism rate and
metabolic activity of internal organs. A probiotic included in Biokoretron has a beneficial
effect on the intestinal microflora, reduces the number of opportunistic strains and
increases the amount of saprophytic microflora.

4. Conclusion

Diatomaceous earth-based drugs, Biokoretron and Diatomite, have growth promoting
and antianemic effects on theweaned pigs, increase the protein andmineral metabolism
rate, and stimulate non-specific immunity factors.
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