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The world feeding strategies of animals have been changed due to the alterations in the ecosystem
over the past century. Existing animal feeding practices cause stress that influences growth, produc-
tion, disease susceptibility, and animal welfare. Agreeing to this issue, the use of complex vitamins,
minerals, herbaceous plants, and herbal extracts are important for regulating homeostasis, animal
production and health. The purpose of the present study was to provide an overview of the effects of
Livervital (MIAVIT GmbH, Essen, Germany) which includes colin, carnitine, vitamin E, melatonin
and some herbal extracts on stress conditions and describe its possible approach of action. For this
purpose, forty-eight, adult, male Sprague-Dawley rats were randomly separated into four groups;
Control (C), Stress (S), Livervital (Li) and Livervital+Stress (LiS). Group C and S served as control
groups. Livervital was applied to Li and LiS groups by adding into water (2 mL/L) 5 days a week for
28 days. All rats were stressed by prolonged light phase conditions (18 h light: 6 h dark) for 14 days.
Additional chronic stresses, hosting alone and in crowded environments, were applied to LiS and S
groups. There was a significant decrease of leukocytes, erythrocytes, haematocrit, lymphocytes
(P<0.05) and increase of haemoglobin, monocytes, neutrophils, N:L ratio, MCH, and MCHC values
in group S when compared to group C (P<0.05). Meanwhile, there was a significant decrease of hae-
moglobin, monocytes, MCH and MCHC, on the other hand, a significant increase of leukocytes,
erythrocytes, haematocrit and lymphocytes of Livervital-supplemented rats compared to those in
stressed control rats. Besides that, some of the morphological parameters did not vary between
groups. In conclusion, this study showed that supplementation of Livervital to the diet at 2 mL/L had
protective effects on growth and haematological parameters under mixed stress conditions.
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INTRODUCTION
Stress is defined as the response of the of stress, fight or flight defense mecha-
organism within physiological or behav- nism associated with hypothalamic-

ioural conditions. As a sound expression pituitary-adrenocortical (HPA) and sym-



pathetic-adrenomedullary system (SAM)
are taking place. Besides biological fac-
tors, environmental and management
stressors are known to affect livestock and
its production (Ranjan et al., 2019).
Crowded environment causes a high tem-
perature and humidity, which is an impor-
tant problem in animals especially for rats,
ruminants, and poultry (Peng et al., 1989;
Ramin, 1995; Keeling et al., 2003; Mara-
herens, 2003). As a result, a decrease oc-
curred during growth, reproductive per-
formance and milk yield while there was
an increase in infertility, faulty eggs, and
embryonic death (Simone et al, 2004;
Faith & Hessler, 2006; Sejan et al. 2010;
Shinde & Sejian, 2013). Several studies
tried to clarify and solve the effect of high
temperature and crowded environment on
poultry and ruminants due to the variabil-
ity of the world’s ecosystem that changes
day by day (Berman, 2004; Rivington et
al., 2009; IPCC, 2013).

Firstly, it was determined by Thaxton
et al. (1968) that high temperature affects
homeostasis in chickens. Suzuki et al.
(1989) reported that stress changed the
intestinal microflora and, thereby, growth
was depressed. On the other hand, stress
reduced the physiological changes as body
weight, weight increase, and haematologi-
cal parameters as well as lowered infertil-
ity and reproductive function in ruminants
(Mader et al., 1997; Sing et al., 2011).
Nevertheless, some researchers identified
the haematological changes such as lower
white blood cells and higher neutro-
phil/lymphocyte (heterophil/lymphocyte)
ratio (N/L or H/L), which is a stress indi-
cator, under stress conditions in animals
(Heller et al., 1979; Mogenet & Youbi-
cier-Simo, 1998; Price et al., 2003; Lynch
et al., 2010). O’Loughlin et al. (2010)
reported that the neutrophils and N/L ratio
increased during weaning, which is a
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stress factor of calves. In a poultry study,
it was detected that there was a decrease
in lymphocytes which leads to increased
H/L ratio, although heterophils were in-
creased in chickens when they were ex-
posed to heat stress during the summer
(Zulfiki et al., 2003). Also, Dereli & Fi-
dan (2010) determined that the H/L ratio
was a more reliable benchmark than se-
rum cortisol value for stress conditions in
poultry. Some researchers reported that
the cage density was also a stress factor,
and it affected body weight, egg produc-
tion, shell quality, meat and milk quality
(Keer-Keer et al., 1996; Feddes et al,
2002; Steinhardt, 2002; Villarroel et al.,
2003; Zulkifli et al., 2004). They also
reported that social stress or crowded en-
vironment caused stress due to the in-
crease in energy expenditure.

There is a potential increase in the us-
age of natural additives to protect and
improve the growth performances of ani-
mals (Sengezer & Gungor, 2008, Terré et
al., 2007; Grand et al., 2013; Uyeno et al.,
2015). It was reviewed that probiotics,
prebiotics, antioxidants, and vitamin com-
plexes may be utilised for this purpose
(Ortuno et al., 2001; Botsoglu et al,
2004; Quezada-Mendoza et al, 2011).
However, some active additives like vita-
min E, vitamin B;,, methionine, betaine,
and choline may be healthier since they
are in a complex variety. In this study, we
examined the effects of Livervital
(MIAVIT GmbH, Essen, Germany),
which includes colin, carnitine, vitamin E,
melatonin and some herbal extracts, on
growth, body mass index and some hae-
matological parameters in rats which were
exposed to mixed stress models such as
crowded environment and hosting alone
under long lightening period. The study
also aimed to clarify the effects of this
additive on animal and scientific fields.
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MATERIAL AND METHODS

Animals

The experimental protocols were in ac-
cordance with the National Institute of
Health Guide for the Care and Use of
Laboratory Animals and approved by the
Animal Care and Use Committee of Bursa
Uludag University. The study was carried
out with the permission of University
Animal Experimentation Local Ethics
Committee (Approval No: 2018-07/01).

The rat model was selected due to the
availability of the stress conditions for
both humans and animals. Besides, rats
have a rapid metabolic rate, which is ap-
propriate to produce the results in a short
time.

Forty-eight healthy, male Sprague-
Dawley rats (age around 7-8 weeks and
average body weight 150-200 g) were
included in this study which randomly
allocated to 4 experimental groups: Con-
trol (C — basal diet), Stress (S — basal
diet), Livervital (2 mL/l/day) (Li), Liver-
vital (2 mL/l/day) and Stress (LiS).

Experimental procedure

The animals were housed under stan-
dard laboratory conditions (22 £ 1.0 C; 55
+ 10% humidity). Rats fed with a standard
chow diet. Rats were acclimatized for a
week before the experimentation began.
The experimental trial was conducted for
28 days. Livervital was commercially
produced by MIAVIT (GmbH, Essen,
Germany) and was given at 2 mL/l/daily
by adding to water five days a week
(Monday, Tuesday, Thursday, Friday,
Saturday).

The standard lightning procedure (12
h light:12 h dark) for laboratory animals
was applied during the first two weeks.
For the last two weeks, all animals were
exposed to light:dark cycle, which was 18
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h light: 6 h dark as modified by research-
ers (Gancarczyk et al., 2004; Kus et al.,
2004; Seyidoglu et al., 2019). Lis and S
groups were exposed to two additional
stresses, and neither feed nor water was
given during this stress applications:

e Hosting alone stress: The rat was left
alone for 30 mins on Monday, Wed-
nesday, Friday and Sunday of the 4™
week of the trail. This stress was
formed in a separate cage, which four
sides and ground covered with white
paper.

o Crowded environment stress: Social
overcrowding stress was formed by
leaving six rats in a cage, which was
for three rats, for 30 minutes. This
stress was studied on Tuesday, Thurs-
day, and Saturday of the 5™ week of
trial.

Samples and analyses

Blood was collected by the puncture of
the heart under isoflurane anaesthesia
from overnight-fasted rats at the end of
the trial. The haematocrit, haemoglobin,
erythrocytes, leukocytes, mean corpuscu-
lar volume (MCV), mean corpuscular
haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC) and
leukocyte types (neutrophils, lympho-
cytes, and monocytes) were determined by
using an automatic blood counter device
(VetScan HM5, ABAXIS). Also, neutro-
phils:lymphocytes (N:L) ratio, which is
one of the physiological welfare and stress
markers, was recorded.

Some morphological parameters such
as body weight, height, length, waist cir-
cumference, body mass index (BMI) and
waist circumference:length ratio was de-
termined to identify the effect of Livervi-
tal on growth.
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Statistical analysis

Statistical analyses performed with SPSS
(Version 17.0). Data were examined for
normality distribution and variance homo-
geneity assumptions. All the values were
grouped, and the means and standard er-
rors were calculated. One-way ANOVA
was applied to all parameters to examine
the difference between groups. Tukey’s
test (Dowdy & Wearden, 1981) evaluated
whether the difference between groups
was provided to be significant (P<0.05).
On the other hand, in non-homogeneous
groups, differences between means were
analysed by Kruskal Wallis and Mann
Whitney U tests. Also, variance analysis
for repetitive measurements was run using
repeated measures ANOVA (Dawson &
Trapp, 2001).

RESULTS

The haematological parameters of feed on
phytogenic ingredients in the stress-
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exposed male rats are shown in Table 1.
The number of leukocytes, erythrocytes,
haematocrit and lymphocytes decreased
(P<0.05) in stressed rats. In contrast hae-
moglobin value, monocytes and neutro-
phils, MCH, MCHC (P<0.05) and N:L
ratio were elevated. Feeding Livervital to
rats elevated leukocytes, erythrocytes,
haematocrit and lymphocytes compared to
those in the stress group. Meanwhile,
haemoglobin concentration, monocytes,
MCH and MCHC decreased in the group
LiS compared to group S one. There was
a significant decrease of haemoglobin,
monocytes, MCH and MCHC and signifi-
cant increase of leukocytes, erythrocytes,
haematocrit, lymphocytes of Livervital-
supplemented rats compared to that of
stressed control rats. In the study, there
were no statistical between-group differ-
ences in morphological parameters as
body weight, body mass index, waist cir-
cumference and waist circumference:
length ratio.

Table 1. Some hematological parameters in control and experimental groups. Data are given as

meanztstandard error, n=48

Haematological Groups
parameters Control Stress Livervital Stress+ Livervital
©) (Li) (LiS)
Leukocytes (10*/mm’) 6.53+0.41 4.97+0.30° 7.38+0.42 6.33+0.37°
Erythrocytes(10%/mm?®) 7.42+0.09 6.77+0.06 6.91£0.19 7.55+0.13°
Haemoglobin(g/dl) 12.86+0.21 13.71+0.14* 12.75+0.16 13.25+0.16°
Haematocrit (%) 42.19+0.54 37.91+0.83° 38.88+1.29 43.43+0.58"
Lymphocytes (%) 74.51+1.73 66.53+0.62° 74.61+0.51 70.46+1.42°
Monocytes (%) 5.1240.37 9.98+1.04° 4.5240.52 4.76£0.56°
Neutrophils (%) 20.54+0.98 24.66+0.65° 21.60+0.59 22.16+1.14
N: L ratio 0.29+0.02 0.35+0.01° 0.294+0.01 0.40+0.02
MCV (fl) 57.45+0.59 58.50+0.65 56.09+0.58 57.67+0.74
MCH (pg) 18.30+0.17 19.93+0.24* 19.27+0.41 18.26+0.34°
MCHC (g/dl) 32.01+0.25 34.07+0.32° 34.57+0.84 31.67+0.51°

* Different superscripts a, b show differences: (a) P<0.05, group S versus group C; (b) P<0.05,

group LiS versus group S.
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Table 2. Some morphological parameters in control and experimental groups. Data are given as

meanztstandard error, n=48

Morphological Groups
parameters

Control Stress Livervital Stress+ Liver-

© ) (Li) vital (LiS)

Weight (g)
Initial 217.00+14.95 228.58+18.29  223.09+10.78 224.17+10.70
Final 311.09+11.28 312.08+15.13  310.00+10.41 312.25+9.74
Body mass index (kg/m’)
Initial 0.16+0.004 0.16+0.005 0.16+0.005 0.16+0.004
Final 0.17+0.004 0.18+0.004 0.18+0.003 0.18+0.003
Body length (cm)
Initial 36.77+0.84 37.71£0.91 37.14+0.67 37.50+0.56
Final 42.36+0.54 41.92+0.61 41.45+0.53 41.63+0.46
Waist circumference (cm)
Initial 12.55+0.35 13.00+0.33 12.98+0.30 13.04+0.25
Final 14.32+0.21 14.25+0.29 14.41+0.26 14.29+0.21
Waist circumference /length (cm)
Initial 0.34+0.005 0.34+0.005 0.35+0.004 0.34+0.003
Final 0.34+0.006 0.34+0.005 0.35+0.004 0.340.004
DISCUSSION ferences in growth performances, signifi-

In this study, we assessed the association
between feeding phytogenic ingredients
and different stress models in the rats. We
observed a protective effect on growth
and haematological parameters during
stress conditions. Additionally, we de-
tected a complex relationship between
stress and phytogenic ingredients.

Stress responses have been linked to
physiological ~ conditions,  especially
growth and haematological parameters. It
was reported that stress from either
crowding or loneliness caused a decrease
in growth and some blood parameters in
animals (Altan et al., 2000; Zulkifli ef al.,
2003; Simone et al., 2004; Berman, 2004;
Eid et al., 2010; Singh et al., 2011). In the
present study, although there were no dif-
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cant changes were found in haematologi-
cal parameters such as leukocytes, eryth-
rocytes, haemoglobin, haematocrit, N:L
ratio, types of leukocytes (lymphocytes,
neutrophil, monocytes), MCH and
MCHC. Importantly, the N:L ratio was
increased in stress group compared to
control one (p:0,016), but decreased in
LiS group compared to group S (P>0.05).
This situation may be explained by the
stress effects on cellular populations al-
terations, which reversed rapidly (Dhab-
har et al., 1995). Nevertheless, it can also
be said that the negative effects of this
stress on cellular metabolism may be
regulated and improved with the impor-
tant additive, Livervital, due to its rich
contents. Similarly to our results about
stress markers, O’Loughlin et al. (2011)
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Fig. 1. Weekly body weight in in control and experimental groups. Groups — C: Control,
S: Stress, Li: Livervital, LiS: Stress-Livervital. All data are expressed as means = SEM.

evaluated the erythrocytes, haemoglobin,
haematocrit, MCH, MCHC in weaning
stress. They reported that erythrocytes,
haematocrit, and leukocytes were de-
creased and neutrophils, N:L ratio and
MCHC were increased although hemo-
globin was not affected.

Attempts to reduce management re-
lated stressors such as housing, crowded,
high temperature, handling and weaning
on animal health were reported (Knowles
et al, 1995; Altan et al.,, 2000; Feddes et
al., 2002; Arthington et al., 2003; Zulkifli
et al., 2003). Additionally, either in rumi-
nant or in poultry, the growth, immunity
and animal yields were affected negatively
if the animals are exposed to these stress-
ors. Also, it was reported that physiologi-
cal changes in animals caused a decrease
in weight parameters and growth rates
(Arthington et al., 2003). Sartorelli et al.
(1992) and Knowles et al. (1995) indi-
cated that weight gain and haematocrit are
decreased by transport stress in ruminants.
Also, it was clarified that this stress might

BIVM, 22, Suppl. 1

be correlated with crowded, heat and cold
stress (Ramin, 1995; Ali-Gholi et al,
2007). On the other hand, Zulkifli et al
(2003) determined that haemogram pa-
rameters, especially increasing N/L (H/L)
ratio is an important value for the stress
response of chickens. As well, some re-
searchers found that N/L (H/L) ratio mod-
erated life-threatening situations (Maxwell
et al., 1992; Maxwell, 1993).

In conclusion, the management of
stress can be regulated with feeding
strategies. Nowadays, food additives are
more important for livestock. All these
supplements include at least one important
component such as vitamins, minerals,
biotins, essential oils and herbal extracts
(Sengezer & Gungor, 2008; Quezada-
Mendoza et al, 2011; Grand et al,
2013;). Livervital (MIAVIT GmbH, Es-
sen, Germany), one of the important mix-
ture for livestock additives, would be used
for both poultry and ruminants. This addi-
tive has several ingredients, especially
herbal extracts, vitamins, and colin, with
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effect on physiology, homeostasis, and
health. In the present study, it was found
that Livervital has positive effects on ani-
mal physiology under stress conditions. It
can be said that Livervital had a higher
value for the welfare of health and was
effective to reduce the effect of stress.
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