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Simple Summary: Stressful events play a major negative role in the modern technology of
weaned piglets. These events include but are not limited to weaning itself, lack of maternal
milk, loss of maternal bonding, mixing of different litters, transportation to growing-finishing
farms, and housing conditions. Various additives (phenazepam, aminazine, vitamins E and
C, the extract Eleutherococcus senticosus, and ultraviolet irradiation) at different doses and
combinations with or without ultraviolet irradiation were used to evaluate their effect on the
viability and growth rate of piglets after weaning. Content of lipids in the blood and liver,
antioxidant activity (AOA) and lipid peroxidation (LPO) significantly decreased or increased
with the use of the additives. Feeding a mixture of additives increased survival rate, average
daily gain, and live weight at the end of the experiment.

Abstract: The purpose of this study was to evaluate the viability and growth rate of piglets
after weaning, the content of lipids in the blood and liver, antioxidant activity (AOA) and
lipid peroxidation (LPO) when various additives are used in feed. The experiments were
performed on two crosses of piglets obtained from Large White breed sows and Landrace
breed boars. Twenty to 28 animals were randomly assigned per group. The following
additives were tested: the benzodiazepine phenazepam, the neuroleptic aminazine, vitamins
E and C, and the extract Eleutherococcus senticosus (Araliaceae). Different doses and
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combinations of the additives against ultraviolet irradiation were used. The addition of
these substances improved the growth rate and viability of piglets. AOA increased under the
influence of all factors studied, especially with the addition of extract of Eleutherococcus in
feed in combination with aminazine and UV-irradiation (p < 0.01). However, the addition of
Eleutherococcus extract and aminazine intensified LPO (p < 0.01), but use of UV irradiation
helped to decrease LPO values (p < 0.01). Feeding a mixture of additives per pig per day
of 3 mL of Eleutherococcus extract, 80 mg of 25% tocopherol, and 500 mg of ascorbic acid
increased survival rate, average daily gain, and live weight at the end of the experiment.
Thus, the use of prophylactic antistress and sedative drugs during weaning helps AOA
normalize LPO of red blood cells; enhance post weaning growth of the pigs by 4.8% to
24.6% and increases piglet survival rate by 5% to 5.1%.

Keywords: weanling pigs; stress; food additives; antioxidant activity; lipid peroxidation

1. Introduction

Stressful events play a major negative role in the modern technology of pig-breeding, which results
in impairment of survival, livestock yield, reproductive function and the quality of production. The
causes of stress for weanling pigs are weaning itself, mixing of different litters, transportation to another
area, housing conditions, and nourishment. Different drugs can be used with the purpose of increasing
piglet viability and growth rate [1–3]. The use of ascorbic acid can regulate synthesis of adaptive
substances. Antioxidants can promote the saving of energetic substances and coferments. Vitamin E
can reduce strain during stress, and others, such as aminazine can block stress reactions. Anti-stress
premixes, including various vitamins, antibacterial agents and plant extracts are widely used [4–8].
Some new drugs such as phenazepam, a benzodiazepine with tranquilizing, soporific, and anticonvulsive
properties can also be used [9]. Phenazepam is also known to remove vegetative abnormalities during
emotional tension and stress and decreases skeletal musculature tonus. Compared to other drugs, such as
diazepam (seduxen), chlordiazepoxide (elenium), nitrazepam (eunoctin), phenazepam exhibits a more
pronounced tranquilizing action. The use of extract from the roots of Eleutherococcus senticosus
is of great interest. Eleutherococcus senticosus is similar to Siberian Ginseng but it is a different
botanical species and has different biological effects. The active agents of this extract are glycosides:
A, B, C, D, E and F. Just as ginseng, Eleutherococcus has an increased antioxidative activity and
is capable of improving overall non-specific body resistance [10]. Biological reserve of the air-dry
substance of Eleutherococcus senticosus in Russia is about 85 000 tons. Our goal was to study the
effect of supplementary feeds: vitamin E, ascorbic acid, aminazine, phenazepam, and a promising, yet
insufficiently studied adaptogen, Eleutherococcus extract (including its use on the background of UV
irradiation)—on vitality, growth rate, antioxidative activity (AOA) and lipid peroxidation (LPO) in the
blood and liver of piglets after ablactation.



Animals 2015, 5 351

2. Experimental Section

The experiments were performed on piglets obtained from the crossing of Large White breed sows
and Landrace breed boars. In each experiment (except for experiment 1) 25 to 28 piglets were randomly
placed into groups according to their age, size, and weight. The piglets’ feed was enriched with various
additives, 5 days before weaning (22–26 days of age) and 5–10 days post weaning (31–36 days of age).
The experiments were conducted until the piglets reached 12 to 15 weeks of age.

In the first experiment, the anti-stress drug phenazepam was used. Piglets were weaned at 20 days of
age and were placed in three groups of 20 piglets. On the first day of the experiment, 3 mL of 0.002% oil
emulsion of phenazepam was added to feed for animals in group I, on the second day it was reduced to
2 mL and on the third day it was reduced to 1.5 mL. The piglets in the group II did not receive the drug.
However, to soften post weaning stress, 5 days prior to weaning the three litters that made up group II
had access to the adjacent farrowing stalls through open passageways. The passageways allowed group
II to communicate with the other litters of pigs. Group III was used as the control group (Table 1).

Table 1. Least squares means ± SEM for influence of phenazepam or passageways in
Experiment 1. Weanling pig body weights and survival rate varied by group and age. N = 20
weanling pigs per group.

Group
BW of a piglet (kg) at the age of (days)

Survival (percent)
20 d 51 d 74 d 98 d

phenazepam 5.5 ± 0.13 11.2 ± 0.27 *** 18.3 ± 0.45 * 32.5 100

passage-ways 5.4 ± 0.17 10.6 ± 0.45 * 17.9 ± 0.80 31.5 95

control group 5.6 ± 0.27 9.4 ± 0.43 15.5 ± 1.02 28.3 95

*: Difference from control is significant at p < 0.05; ***: Difference from control is significant
at p < 0.001.

In the second experiment, the piglets, in addition to their basic diet, received the following: group I
received 20 mg of vitamin E; group II received 60 mg of vitamin E; group III received 3 mL of
eleutherococcus extract; group IV received 6 mL of eleutherococcus extract; and group V was used
as the control group.

In the third experiment group I received 6 mL of eleutherococcus extract, group II received 18 to
22 mg of aminazine, group III received 6 mL of eleuthoercoccus + 18 to 22 mg of aminazine and were
additionally exposed to UV radiation with an LE-30-1 lamp at a dose of 80 to 90 mer’h/m2, group IV
was also exposed to the same dose of UV irradiation, yet without drug additives to the feed ration, and
group V was used as the control group.

In the fourth experiment, eleutherococcus extract, vitamin E and C were added to the feed without
preliminary mixing. Group I was given 6 mL of eleutherococcus extract + 20 mg of vitamin E, group II
was given 3 mL of eleutherococcus extract + 20 mg of vitamin E + 500 mg of ascorbic acid, group III
was given 6 mL of eleuthercoccus extract, and group IV was the control. Vitamin E and C were diluted
with small amounts of water and shaken to form an emulsion that was fed to the piglets before feeding.
The daily dose of additives was given to each group in the morning.
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Blood samples from six piglets from each group were analyzed. The blood samples were collected
from the lateral auricular vein of each 36-day old piglet. In the third experiment, three piglets from each
group were euthanized and the livers of the piglets were examined (Table 2).

Table 2. Least squares means ± SEM for growth rate and vitality of weanling pigs under
the influence of anti-stress additives. Weanling pig body weights, average daily gain (ADG),
and survival rate varied by experiment and group.

Group
No. of

animals

BW(kg) in the
beginning of
experiment

BW (kg) at the
end of

experiment
ADG (g)

Survival
(percent)

Exp. 2
I—vitamin E, 20 mg 28 6.2 ± 0.19 35.3 ± 0.89 * 364 92.8
II—vitamin E, 60 mg 28 6.4 ± 0.17 32.6 ± 1.13 327 85.7

III—eleutherococcus, 3 mL 28 6.3 ± 0.28 34.7 ± 1.17 355 85.7
IV—eleutherococcus, 6 mL 28 6.3 ± 0.12 34.1 ± 1.15 347 100

V—control group 28 6.3 ± 0.13 32.6 ± 0.77 331 89.3
Exp. 3

I—eleutherococcus, 6 mL 25 6.0 ± 0.10 31.6 ± 0.53 *** 320 100
II—aminazine, 20 mg 25 6.1 ± 0.11 31.9 ± 0.65 *** 322 100
III—eleutherococcus,

6 mL + aminazine,
20 mg + UV irradiation

25 6.0 ± 0.14 31.4 ± 0.56 *** 317 91

IV—UV irradiation 25 6.0 ± 0.09 30.8 ± 0.55 ** 310 86
V—control group 25 6.0 ± 0.12 27.9 ± 0.54 274 100

Exp. 4
I—eleutherococcus,

6 mL + vitamin E, 20 mg
26 5.7 ± 0.10 36.1 ± 0.11 *** 395 100

II—eleutherococcus,
3 mL+ vitamin E,

20 mg + vitamin C, 500 mg
26 5.7 ± 0.11 37.5 ± 0.56 *** 412 100

III—eleutherococcus, 6 mL 26 5.7 ± 0.10 34.6 ± 0.57 * 375 88.5
IV—control group 26 5.7 ± 0.08 32.6 ± 0.80 349 96.1

*: Difference from control is significant at p < 0.05; **: Difference from control is significant
at p < 0.01; ***: Difference from control is significant at p < 0.001.

Lipid peroxidation (LPO), total lipids, total and free cholesterol, vitamin E (in the blood samples as
well as in the liver samples) were measured. Antioxidative activity (AOA) in lipids of erythrocytes and
livers were estimated by inhibition of thermal oxidation of methyl oleate in the presence of extracted
lipids according to previous reports [11]. LPO was measured by the change in conjugated diene
content [12]. Total cholesterol and free cholesterol content, as well as vitamin E in the blood serum
were also measured according to previous reports [13,14].

Statistical Analysis

The data were analyzed in Statistics 6.1 for Windows. Results are presented as Least squares
means ± standard error of the mean (SEM). The statistical model included the effects of treatment,
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pen within treatment, time, and all possible interactions. Pen within treatment was used as the model’s
error term. All data were tested for outliers using Tukey’s procedure. An F-protected Least Significant
Difference test was also used.

3. Results and Discussion

3.1. Experiment 1

Phenazepam, as well as diazepam have shown to reduce stress reactions, and have a positive effect on
the growth and vitality of piglets [15]. At 51 days of age, the piglets’ live weights in group I were 1.81 kg
greater than the live weight of the piglets’ in the control group (p < 0.01) (Table 1). The live weights of
group II were 1.26 kg greater than that of the control group (p < 0.05). The difference between groups I
and II was not significant (p > 0.05). At 74 days of age the piglets’ live weights in group I were 2.83 kg
greater than the live weight of the piglets’ in the control group (p < 0.05). The differences in weight
among groups I and II were respectively, 0.55 kg at 51 d, 0.39 kg at 74 d, and 1 kg at 98 d. Thus, there
was not a significant difference in live weights between piglets that were given phenazepam and those
who had access to passageways (Table 1). Survival rate for piglets in group I was 100% compared to
95% in groups II and III. Average daily gain (ADG) was 347 g in group I, 334 g in group II, and 291 g
in the control group. Thus, addition of phenazepam increased live weight by 19.2%, while the use of
passageways increased it by 14.8% compared to the control group.

3.2. Experiment 2

Under the influence of vitamin E (20 mg dose) piglets in group I had a significant increase in body
weight compared to the control group (p < 0.05; Table 2; Exp. 2). Although, addition of eleutherococcus
did aid in increasing body weight and ADG, its effects were not significant (p > 0.05).

The serum levels of vitamin E were 4.20 µg/mL for group I (p < 0.05), 5.82 µg/mL (p < 0.1) for
group II, 5.29 µg/mL (p < 0.05) for group III, 3.11 µg/mL (p < 0.05) for group IV, and 1.69 µg/mL for
the control group. It should be noted that the concentration of vitamin E in the mixed feed consumed
by piglets was 58 mg/kg which is close to the technology-based standard. The piglets in groups III and
IV who received eleutherococcus with feed, exceeded the control animals in the concentration of total
lipids in blood serum, total protein, albumin fraction, nucleic acids, and a tendency of superiority in
gamma globulins. The piglets that received different doses of vitamin E (groups I and II) did not differ
in hematological indexes.

3.3. Experiment 3

The use of eleutherococcus at 6 mL (Group I), 20 mg aminazine (Group II), and elutherococcus at
6 mL + 20 aminiazine + UV irradiation (Group III) caused significant increase in piglet body weight
gain at the end of the experiment compared to the control group (p < 0.01; Table 2; Exp. 3). The use
of UV irradiation (Group IV) on its own also showed to have caused significantly higher body weights
in piglets at the end of the experiment compared to the control group (p < 0.05). UV irradiation was
not applied in full dose because it would have increased stress in addition to the current weaning stress
the piglets’ were going through. Groups I and II did not differ in percent survival rate from the control
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group. However, group III and IV had a lower percent survival rate 9% and 14% lower compared to
control group, respectively.

Significant differences in the activity of endogenic antioxidants of lipids of erythrocytic membranes
were observed in the different groups of the piglets (Table 3). The blood AOA increased under the
influence of all the factors in the study, especially when only adding eleutherococcus to the feed
(p < 0.01; Table 3; group I), and in combination with aminazine and UV irradiation (p < 0.01; Table 3;
group III). When adding eleutherococcus and aminazine to the feed LPO increased (p < 0.01; Table 3;
group I and II), but under exposure to UV irradiation it decreased (p < 0.01; Table 3; group IV). The ratio
AOA/LPO almost in all experimental groups was higher than in the control group, but was the highest
in groups III and IV where UV irradiation was applied (p < 0.01). Under the action of eleutherococcus,
concentration of total lipids in the erythrocyte membranes increased (p < 0.05; Table 3; group I).
In piglet livers, variations of AOA, LPO, AOA/LPO ratio and total lipids amounts were noticed. The
index AOA/LPO increased in all experimental groups (p < 0.01). An increase of total lipid concentrations
in the piglet livers’ was only observed with the use of eleutherococcus (p > 0.05; Table 3; group I).
Aminazine (group II) inhibited stress progression to some extent, this was concluded by the low relative
mass of the piglets’ adrenal glands. Aminazine (group II) inhibited stress progression to some extent,
this was concluded by the low relative mass of the piglets’ adrenal glands (p < 0.05). Eleutherococcus
and UV irradiation did not reduce the activity of the adrenal cortex (Table 3; group I, III and IV).

3.4. Experiment 4

In the fourth experiment, mixtures and additives to eleutherococcus extract were given. Body weight
at the end of the experiment increased significantly for all treatment groups (Table 2; Exp. 4). Percent
survival rate for the piglets at growing was 100% with the use of 6 mL of eleutherococcus + and 20 mg
of vitamin E (Table 2; group I) and with the use of 3 mL of eleutherococcus + 20 mg of vitamin E, and
500 mg of vitamin C (Table 2; group II), 100% and 96.1% compared to the control group, respectively.
The use of 6 mL eleutherococcus (Table 2; group III) decreased the percent survival rate compared to
the control group.

Average daily gain with the use of 3 mL of eleutherococcus + 20 mg of vitamin E, and 500 mg of
vitamin C (Table 2; group II) was 18% higher than the control group. In addition to the increase in
average daily gain, body weight at the end of experiment was 15% higher than that in the control group
and made up 4.9 kg. Using 3 mL of eleutherococcus + 20 mg of vitamin E, and 500 mg of vitamin C
(Table 2; group II) was more effective in average daily gain by 37 g, or by 10% compared to using 6 mL
of eleutherococcus alone.

The use of 3 mL of eleutherococcus + 20 mg of vitamin E, and 500 mg of vitamin C (Table 3; Exp. 4;
group II) improved metabolism, significantly increased antioxidative activity of the blood erythrocyte
lipids (p < 0.01), and seemed to reduce the negative impact of stress factors. In spite of LPO increasing
in groups I, II, and III compared to the control group (group IV), prevailing processes of accumulating
antioxidants reserves over free-radical reactions were observed. This was indicated by increase of the
AOA/LPO index under the influence of the drug complex in groups I, II, and III. All groups improved
vital functions of the animals, especially group II (100% survival rate). By 98 days of age, there was a
significant increase in live weight in group I by 10.7% (p < 0.01) and in group II by 15.0% (p < 0.01),
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compared to the control group. Survival rate of the animals in the control group was 96.1% at that age,
3.9% lower than group I and II, but 7.6% higher than group III (Table 2; group III).

Table 3. Least squares means for conditions of the piglets’ lipid metabolism under the
influence of vitamins C, E, eleutherococcus extract, UV irradiation and aminazine.

Index
GroupI:

eleutherococcus,
6 mL

GroupII:
aminazine, 20 mg

GroupIII:
eleutherococcus,

6 mL + aminazine,
20 mg + UV irradiation

Group IV:
UV irradiation

GroupV: Control

Exp. 3

Blood: AOA, h’mL/g
258.3 ± 18.29

***
201.7 ± 16.20 *** 276.7 ± 13.30 *** 186.0 ± 8.13 ** 85.2 ± 17.91

LPO,
conditional units

288 ± 15 *** 208 ± 12 ** 173 ± 13 50 ± 3 ** 128 ± 22

Index AOA/LPO 0.89 ± 0.015 0.98 ± 0.111 1.60 ± 0.067 *** 3.75 ± 0.358 *** 0.59 ± 0.108
Total lipids, mg% 521.3 ± 32.8* 437.3± 24.1 409.0 ± 29.0 431.6 ± 26.1 405.5 ± 14.1

Liver: AOA, h’mL/g 135.0 ± 14.8 ** 158.0 ± 15.8 *** 145.0 ± 15.9** 115.0 ± 5.8 ** 65.0 ± 9.6
LPO,

conditional units
430 ± 11 ** 483 ± 7 443 ± 21 ** 385 ± 8 *** 493 ± 7

Index AOA/LPO 0.31 ± 0.020 *** 0.33 ± 0.026 *** 0.33 ± 0.035 ** 0.30 ± 0.008 *** 0.13 ± 0.012
Total lipids, mg% 2361 ± 199 1887 ± 151 2012 ± 159 2037 ± 94 2037 ± 80
Weight gain, %

relative to
control group

116.8 117.5 115.7 113.1 100.0

Relative mass of
adrenal glands, %

0.0071 0.0048 * 0.007 0.008 0.0073

Survival, % 100.0 100.0 91.0 86.0 100.0
Exp. 4

Index

Group I:
eleutherococcus,

6 mL + vitamin E,
20 mg

Group II:
eleutherococcus,

3 mL + vitamin E,
20 mg + vitamin C,

500 mg

Group III:
Eleutherococcus 6 mL

Group IV: Control _

Blood AOA, h’mL/g 156.3 ± 27.5 *** 97.7 ± 16.30 *** 79.0 ± 26.59 * 8.3 ± 8.35 _
LPO,

conditional units
280 ± 120 390 ± 70 * 220 ± 220 200 ± 50 _

Index AOA/LPO 0.56 ± 0.035 *** 0.25 ± 0.022 *** 0.36 ± 0.033 *** 0.04 ± 0.011 _
Total lipids, mg% 263.3 ± 26.06 266.7 ± 31.83 285.0 ± 15.04 218.0 ± 30.65 _
Weight gain, %

relative to
control group

113.2 118.0 107.4 100.0 _

Relative mass of
adrenal glands, %

0.006 0.006 0.0061 0.0071 _

Survival, % 100 100 88.5 96.1 _

*: Difference from control is significant at p < 0.05; **: Difference from control is significant at p < 0.01;
***: Difference from control is significant at p < 0.001.

The relative mass of adrenal glands in all experimental groups turned out to be lower by 14%–16%
than that in the control group, which witnesses to less manifestation of the stress reaction (the adrenal
glands mass increasing relates to hypersecretion of corticosteroids). The relative mass of thymus was
higher in experimental group II and group IV, 0.22% and 0.17%, respectively. This finding indicates
the lower involution of the gland in response to the lower stress reaction. Content of vitamin E in the
piglets’ liver turned out to be almost twice as high as that in the control group. The amount of vitamin E
increased as well.
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Application of the proposed additives intensified the animals’ growth rate not only during the first
month, but in the course of 62 days of the following monitoring. Many plant species of families
Labiatae, Myrtaceae and others, playing an important role in chemoprophylaxis of diseases related to
lipids peroxidation, are recognized as a source of natural antioxidants [4]. It is shown that Echinacea
purpurea can be used as an additive to achieve immunostimulating effects and increase of feed conversion
in pigbreeding [5]. Adding extract of the plants Carvacrol (from Origanum spp.), 3% Cinnamaldehyde
(from Cinnamonum spp.) and 2% Capsicum Oleoresin (from Capsicum annum) to the feed for
early-weaning piglets decreased amount of intraepithelial lymphocytes in empty intestine and increased
presence of lymphocytes in large intestine [6]. Vegetable extracts of cinnamon, thyme and oregano
reduce the spread of colon bacillus [7]. The experience in using phytogenic feed additives, such as
extracts of Oregano, Rosemary, Yucca, Coriander, and other additives confirms the assumption that they
can be promising in feeding pigs and birds to promote production efficiency and productivity. They can
be added to a set of non-antibiotic additives [8]. However, there are few data in the literature on the
action of such natural antioxidants as eleutherococcus on stress resistance, vitality, and growth rate of
animals, especially with piglets at the moment of weaning.

Eleutherococcus extract enhances protein synthesis in an organism with deficit of it, increases
antibody dilution when immunizing, and enhances appetite and growth gain of the animals with growth
retardation. It has a positive influence on RNA synthesis and increases muscular efficiency as a result
of less carbohydrates expenditure and early lipids mobilization [10]. Eleutherococcus glycosides have
a protective action in animals under stress, prevent fast involution of thymus [16], is favorable for less
hypertrophy of the adrenal glands and protects the loss of glycogen supply in liver [17]. Eleutherococcus
glycosides increase conjugation of oxidation and phosphorylation in an organism under stress which
provides an optimal level of organism stability. Perhaps, they have, along with ginseng’s glycosides, an
increased antioxidative activity. Eleutherococcus has a positive effect on vitaminization, it increases
saturation of an organism with vitamins B1 and B12 and acts as a synergist of vitamin PP [18].
Eleutherococcus extract decreases excretion of ascorbic acid from an organism, especially under stress.

It is assumed that eleutherococcus does not block stress reaction. Glycosides neutralize glucose
capturing inhibitor that arises in blood during stress. This results in glycolysis intensification, generation
of the energy sufficient to increase nonspecific resistance, and activation of the processes of fast
mobilization and energy recovering. An interference of adaptive hormones appears to be unnecessary,
and the hormone system functions with less strain [10].

During the process of adaptation to inadequate environmental factors antioxidants and lipid
peroxidation [19] are a key factor. Pathological changes in organisms during adaptation are believed to
be linked with accumulating lipid peroxidation products: free radicals, peroxy radicals, hydroperoxides,
aldehydes and ketones. Inhibition and normalization of free-radical oxidation is carried out by
antioxidants. These are compounds of various types, including tocopherols, ascorbic acid and
others [20–23].

With an increase of vitamin E content in the pigs ration, tocopherol concentration in the blood plasma
and liver increases, and antioxidant status of growing pigs improves [24,25]. Previous findings [2]
showed that receiving 40 to 60 IU/kg of the vitamin in the feed with addition of fat led to nearly constant
balance of alpha-tocopherol concentrations in blood serum and tissues. Without adding fat, the amount
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of vitamin E must be kept at levels of 80 to 100 IU/kg for the piglets with live weights of 5 to 20 kg.
Adding ascorbic acid to piglets’ feed during the first 2 weeks after weaning has been reported to lead
to a tendency toward growth rate increase and feed conversion [1]. Adding tocopherol to sow feed, and
vitamin C to piglet feed after weaning has led to an increase of tocopherol content in their liver and
blood [3]. Maternal supply of tocopherol and vitamin C has been reported to enhance piglet immune
status after weaning [3]. Adding vitamin C (300 mg/kg of feed) and E (150 mg/kg of feed) leads to
the improvement of lumbar muscle color and meat quality of slaughtered pigs (106.0 ± 8.6 kg of body
weight) [26]. The efficiency of combining additives, such as ascorbic acid, alpha-tocopherol and oregano
(the latter having high content of antioxidants) in feed rations has been reported to prevent stress is
chickens [27].

The current study showed that application of eleutherococcus extract and vitamin E, either separately
or in combination, as well as using them together with ascorbic acid as a feed additive, has a positive
effect on the level of endogenous antioxidants, total lipids content and their peroxidation in cell
membranes of the tissues of weanling pigs. In stress conditions energy demands of an organism rise
sharply, and there is an augmentation of incoming carbohydrates, and lipids to the blood, which favors
an increase of free radical oxidation. The products of non-enzymatic lipid peroxidation have a harmful
effect on the enzymes of tricarboxylic cycle and macroergic ATP compounds [28]. In addition, an
anti-stress efficiency of the method proposed by us in the current study, was independently estimated
by the the institute of Non-contagious Diseases of Animals as requested by the Russian Ministry of
Agriculture. They concluded that only glucose content after feeding the preparations to the piglets
was higher in the experimental group. Weaning caused indigestion in some piglets’ during the first 3 to
5 days. In the course of a month 5.7% of piglets in the control group died. There was no mortality in those
groups of piglets which received eleutherococcus together with vitamins E and C or eleutherococcus
only [29].

It was shown in several studies that increased peroxidation (free radical oxidation) of lipids is
necessary for switching metabolism processes to a new higher energy level [30,31]. In that case
endogenous antioxidants, acting as “traps” for the products of lipid peroxidation, prevent damaging
effects of intense free radical oxidation. Extended amounts of stress exhausts the supply of endogenous
antioxidants and, with the negative balance of antioxidants incoming with feed, this leads to lipid
peroxidation going out of antioxidant control. Increased lipid peroxidation becomes a damaging agent,
rapidly exhausting adaptive reserves of a biosystem. It is very likely that in piglets too, under great stress
and shortage of antioxidants supply, an intensification of oxidation chain reactions occur, and processes
of supplying energy to the main functions of vital activity may collapse and cause death.

During the first days after weaning, stress is a big factor for piglets, and under the action of freeradical
oxidation products [21] live weights decrease, and atonia, anemia, indigestion, water retention and death
may occur.

According to the experimental data collected, the additives applied, vitamin E, eleutherococcus,
ascorbic acid and aminazine, increase antioxidative activity of lipids. Peroxidation is a regulating factor
in the direction of oxidation processes. Prolonged stress exhausts the supply of endogenous antioxidants,
and with insufficient intake of antioxidants from feed, lipid peroxidation increases. Because of the
advantage of enzymatic oxidation over the free-radicals, high-energy products (fats, carbohydrates) are
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consumed for their intended purpose, growth and development of the animals, which is favorable for
improving adaptive stability and vital activity of piglets.

4. Conclusions

Phenazepam, aminazine, and especially Spiny Eleutherococcus, in combination with vitamins E
and C, promote an increase of antioxidative activity in the weanling pigs’ tissues, improve their energy
status, enhance synthesis processes, improves adaptation, and growth of the piglets subjected to stress
factors. As a result, applying prophylactic anti-stress drugs and tranquilizers to the weanling pigs as
feed additives makes it possible, to normalize the antioxidative activity and peroxidation of erythrocytic
lipids. Additionally, the application of these prophylactic anti-stress drugs and tranquilizers enhances
post weaning growth by 4.8% to 24.6% and increase survival rate by 5% to 5.1%. These factors can
become accepted production practices for growing weanling pigs.

Acknowledgments

The authors are grateful to John McGlone from Texas Tech University for his support.

Author Contributions

Vitaly Bekenev conducted experiments with pigs, processed the results, wrote the research results and
their discussion. Vyacheslav Hasnulin conducted laboratory studies, participated in the discussion of the
results. Arlene Garcia participated in the interpretation of research results, and made suggestions for the
final draft of the document, written in English.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. Mahan, D.C.; Saif, L.J. Efficacy of vitamin C supplementation for weanling swine. J. Anim. Sci.
1983, 56, 631–639. [PubMed]

2. Moreira, I.; Mahan, D.C. Effect of dietary levels of vitamin E (all-rac-tocopheryl acetate) with
or without added fat on weanling pig performance and tissue alpha-tocopherol concentration.
J. Anim. Sci. 2002, 80, 663–669. [PubMed]

3. Lauridsen, C.; Jensen, S.K. Influence of supplementation of all-rac-α-tocopheryl acetate
preweaning and vitamin C postweaning on α-tocopherol and immune responses of piglets.
J. Anim. Sci. 2005, 83, 1274–1286. [PubMed]

4. Nakatani, N. Phenolic antioxidants from herbs and spices. Biofactors 2000, 13, 141–146. [CrossRef]
[PubMed]

5. Maass, N.; Bauer, J.; Paulicks, B.R.; Böhmer, B.M.; Roth-Maier, D.A. Efficiency of Echinacea
purpurea on performance and immune status in pigs. J. Anim. Physiol. Anim. Nutr. 2005, 89,
244–252. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/6841297
http://www.ncbi.nlm.nih.gov/pubmed/11890402
http://www.ncbi.nlm.nih.gov/pubmed/15890805
http://dx.doi.org/10.1002/biof.5520130123
http://www.ncbi.nlm.nih.gov/pubmed/11237173
http://dx.doi.org/10.1111/j.1439-0396.2005.00501.x


Animals 2015, 5 359

6. Manzanilla, E.G.; Nofrarias, M.; Anguita, M.; Castillo, M.; Perez, J.F.; Martin-Orue, S.M.;
Kamel, C.; Gasa, J. Effects of butyrate, avilamycin, and a plant extract combination on the intestinal
equilibrium of early-weaned pigs. J. Anim. Sci. 2006, 84, 2743–2751. [CrossRef] [PubMed]

7. Namkung, H.; Li, M.; Gong, J.; Yu, H.; Cottrill, M.; de Lange, C.F.M. Impact of feeding blends of
organic acids and herbal extracts on growth performance, gut microbiota and digestive function in
newly weaned pigs. Can. J. Anim. Sci. 2004, 84, 697–704. [CrossRef]

8. Windisch, W.; Schedle, K.; Plitzner, C.; Kroismayr, A. Use of phytogenic products as feed additives
for swine and poultry. J. Anim. Sci. 2008, 86, E140–E148. [CrossRef] [PubMed]

9. Boiko, S.S.; Lyubimov, B.I.; Smolnikova, N.M.; Poxnakhierev, P.R.; Motin, A.G. Pharmacokinetics
of phenazepam in miniature pigs. Pharma Chem. J. 1979, 13, 596–898. [CrossRef]

10. Dardymov, I.V. Ginseng and Eleutherococcus; Mechanism of Biological Action: Moscow, Russia,
1976; Volume 60, p. 131. (In Russia)

11. Burlakova, E.B. The Role of Antioxidants in Physical-Chemical Processes of Cell Reproduction
Regulation; Physical-Chemical Grounds of Autoregulation in Cell: Moscow, Russia, 1968;
pp. 15–25.

12. Platser, Z.; Vidlakova, M.; Kuzhela, L. Processes of lipids over-oxidation on injury and fatness of
liver. Rev. Czech. Med. 1970, 16, 30–41.

13. Karashev, A.; Vichev, E. Definition of the General, Free, Ether-Bound Cholesterol; Micromethods
in Clinical Laboratories: Sofia, Bulgaria, 1968; pp. 211–216.

14. Zaitsev, B.V.; Demina, T.G.; Karachenkova, E.A. Estimation of Vitamin E Content in Blood Serum
of Live-Stock Animals; Siberian Bulletin of Agriculture Science: Novosibirsk, Russia, 1977;
Volume 5, pp. 80–82.

15. Shaheen, A.A.; Hamdy, M.A.; Kheir-Eldin, A.A.; Lindstrom, P.; El-Fattah, A.A.A. Effect of
pretreatment with vitamin E or diazepam on brain metabolism of stressed rats. Biochem. Pharmacol.
1993, 46, 194–197. [CrossRef] [PubMed]

16. Jurgens, I.L.; Kirillov, O.I. Effect of Eleutherococcus Stress. In Results of the Study Eleutherococcus;
Soviet Union: Vladivostok, Russia, 1966; pp. 39–40.

17. Byhovtseva, T.L. Effect of preparations of ginseng roots and eleutherococcus on carbohydrate
metabolism. In Proceedings of the AN USSR, Biological Series, Moscow, Russia, 1970; Volume 6,
pp. 915–918.

18. Padkin, V.V.; Baburin, E.F. Excretion of Vitamins in the Separate and Combined Use of
Eleutherococcus and Multivitamin Complex. In Eleutherococcus and Other Adaptogens from
Far Eastern Plants; Siberian Department of the Academy of Sciences of the USSR: Vladivostok,
Russia, 1966; Volume 7, pp. 185–189.

19. Burlakova, E.B. Bioantioxidants in Radiation Injury; Nauka: Moscow, Russia, 1975.
20. Vladimirov, Y.A.; Archakov, A.I. Lipids Peroxidation in Biological Membranes; “Nauka”:

Moscow, Russia, 1972.
21. Zhuravlev, A.I. Bioantioxidants in the Animal’s Organism; Bioantioxidants: Moscow, Russia,

1975; Volume 132, pp. 15–29.
22. Ivanov, I.I.; Merzlak, M.N.; Turusov, B.N. Vitamin E, Its Biological Role in Relation with

Antioxidation Properties; Bioantioxidants: Moscow, Russia, 1975; pp. 30–52.

http://dx.doi.org/10.2527/jas.2005-509
http://www.ncbi.nlm.nih.gov/pubmed/16971576
http://dx.doi.org/10.4141/A04-005
http://dx.doi.org/10.2527/jas.2007-0459
http://www.ncbi.nlm.nih.gov/pubmed/18073277
http://dx.doi.org/10.1007/BF00777654
http://dx.doi.org/10.1016/0006-2952(93)90367-6
http://www.ncbi.nlm.nih.gov/pubmed/8394075


Animals 2015, 5 360

23. Tarusov, B.N. Superweak Luminescence of Living Organisms; Nauka: Moscow, Russia, 1972.
24. Lauridsen, C.; Hojsgaard, S.; Sorensen, M.T. Influence of dietary rapeseed oil, vitamin E, and

copper on the performance and the antioxidative and oxidative status of pigs. J. Anim. Sci. 1999,
77, 906–916. [PubMed]

25. Ching, S.; Mahan, D.C.; Wiseman, T.G.; Fastinger, N.D. Evaluating the antioxidant status of
weanling pigs fed dietary vitamins A and E. J. Anim. Sci. 2002, 80, 2396–2401. [PubMed]

26. Peeters, E.; Driessen, B.; Geers, R. Influence of supplemental magnesium, tryptophan, vitamin C,
vitamin E, and herbs on stress responses and pork quality. J. Anim. Sci. 2006, 84, 1827–1838.
[CrossRef] [PubMed]

27. Young, J.F.; Stagsted, J.; Jensen, S.K.; Karlsson, A.H.; Henckel, P. Ascorbic acid, alpha-tocopherol,
and oregano supplements reduce stress-induced deterioration of chicken meat quality. Poult. Sci.
2003, 82, 1343–1351. [CrossRef] [PubMed]

28. Kozlov, Y.P. Free-Radical Oxidation of Lipids in Biomembranes in Normal and Pathological States;
Bioantioxidants: Moscow, Russia, 1975; pp. 5–14.

29. Bekenev, V.A. The Technology of Breeding and Maintains of Pigs; Lan: St. Petersburg,
Russia, 2012.

30. Voskresensky, O.N. Significance of Systemacity in Biological Inhibition of Lipids Peroxidation in
Atherogenesis; Biooxidants: Moscow, Russia, 1975; pp. 121–125.

31. Kaznacheev, V.P.; Hasnulin, V.I. Condition of Adaptive Mechanisms and Metabolic Processes in
the Builders of Baikal-Amur Trunk Railroad (BAM); The Man on the BAM: Novosibirsk, Russia,
1979; pp. 3–8.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/10328356
http://www.ncbi.nlm.nih.gov/pubmed/12350017
http://dx.doi.org/10.2527/jas.2005-600
http://www.ncbi.nlm.nih.gov/pubmed/16775067
http://dx.doi.org/10.1093/ps/82.8.1343
http://www.ncbi.nlm.nih.gov/pubmed/12943308

	1. Introduction
	2. Experimental Section
	Statistical Analysis

	3. Results and Discussion
	3.1. Experiment 1
	3.2. Experiment 2
	3.3. Experiment 3
	3.4. Experiment 4

	4. Conclusions

