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Abstract: This experiment was conducted to investigate the effects of dietary supplementation of chitosan on
stress hormones and antioxidative enzymes m weaned piglets. One hundred and eighty piglets weaned
at 28 days (Duroc x Large white x Landrace) were assigned randomly to 5 dietary treatments with 6 repetitions
in each treatment. The piglets in the 5 treatments were fed on the basal diet supplemented with O (control), 100,
500, 1000 and 2000 mg chitosan/kg feed. Results showed that dietary chitosan decreased serum
Adrenocorticotropic Hormone (ACTH) concentrations n a linear dose-dependent manner (p<0.05) on day 28
and declined serum Cortisol (COR) concentrations in a linear or quadratic dose-dependent mamner (p<<0.05) on
day 14 and 28. With increasing chitosan, serum Glutathione Peroxidase (GSH-Px) was enhanced both in a
quadratic manner (p<<0.05) on day 14 and a linear manner on day 28 (p<<0.05) and Serum Glutathione Peroxidase
(S0D) and Catalase (CAT) were improved quadratically on day 28 (p<<0.05). These results unplied that dietary
chitosan mitigated weaning stress and improved the activity of antioxidative enzymes in weaned piglets.
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INTRODUCTION

In modern pig husbandry, early weaning was one of
the most stressful events that resulted in mtestinal,
mmmunelogical and behavioral changes. During this
period, pigs are subjected to a number of stressors such
as an abruptly separation from the sow, diet switched,
unfamiliar pigs in a new environment (Dudink et al., 2006).
As a comsequence, feed intake, growth and immune
function were reduced and weaning syndrome occured
mn piglets. Campbell ef al. (2013) mdicated that weaming
stress in pigs could contribute to intestinal and immune
systemn dysfunctions that resulted in the reduction of pig
health, growth and feed mtake. Moeser et af. (2007) found
that stress signaling pathways activated by weaning
mediated intestinal dysfunction in piglets. Traditionally,
determmation of Hypothalamus Pituitary Adrenal (HPA)
axis activity 1s the standard procedure to evaluate stress
conditions in farm animals (Mormede et al, 2007),
because the release of Adrenocorticotropin Hormone
(ACTH) and Cortisol (COR) concentrations
increased via HPA axis i ammals or human under stress
conditions (Gaillet et al., 1991; Fisher et al., 1996). Plasma
ACTH and/or COR were measured to identify and
quantify tress or acute pain related to tail docking and/or
castration in lambs and pigs (Mellor and Murray, 1989,
Prunier et al., 2003). Moreover, Yang (1989) demonstrated

WETe

that stress results m a decrease in mtracellular
anti-oxidant ability and an mcrease in the production of
Reactive Oxygen Species (ROS). Leng and Zhu (2010)
reported that the levels of SOD and GSH-Px were
significantly decreased by weaning stress in piglets. The
free radicals would not be cleared in time due to the
decrease of these antioxidant enzymes activities which
would destroy cell embrane structure or cause some
diseases in weaned piglets.

Chitosan, a natural and nontoxic alkaline
polysaccharide 1s formed by the action of chitin
deacetylases and 18 a key structural component of
helminths, arthropods and fungi (Synowiecki and
Al-Khateeb, 2003). It possesses many beneficial biological
properties such as antimicrobial activity, immune
stimulation activity, biocompatibility, biodegradability and
wound healing property (Yen et al., 2008). Moreover,
mitigating stress and improving antioxidant activity are
well-known function of chitosan. The earlier studies
found that dietary supplementation with chitosan
decresed the level of ACTH or COR m broilers (Shi, 2005,
L1, 2009). Many studies have shown that chitosan inhibit
ROS and prevent the lipid oxidation in food and biological
systems. Anandan et al. (2013) indicated chitosan
significantly attenuated the oxidative stress mn the heart
tissue of aged rats through the counteraction of
free radical formation by maintaining the enzymatic

Corresponding Author: Binlin Shi, College of Animal Science, Inner Mongolia Agricultural University,
306 Zhaowuda Road, 010018 Huhhot, Inner Mongolia, P.R. China



J. Anim. Vet. Adv., 12 (5): 650-654, 2013

(glutathione peroxidase, glutathione reductase) and
nonenzymatic (reduced glutathione) status at levels
comparable to that of normal young rats. Yang et al.
(2009) have reported that chitosan enhanced resistance to
oxidative stress caused by drought stress in crop plants.

In piglets however, there were limited studies
available in evaluating the effect of chitosan on stress
hormenes and antioxidative enzymes. Therefore, the
present study aimed to investgate the effect of chitosan
on the stress hormones and antioxidative enzymes of
weaned piglets. This finding may provide a useful
evidence for the application of chitosan m diets to
mitigate stress and improve antioxidant activity in weaned
piglets.

MATERIALS AND METHODS

All procedures described in this experiment were
approved by Animal Care and Use Committee of Inner
Mongolia Agricultural University.

Experimental design and animals management: A total of
180 healthy piglets (DurocxLarge whitexLandrace) with an
initial average body weight of 7.6 kg (at weaning) were
assigned randomly to 5 treatments with 6 repetitions
(3 pens of males and 3 pens of females) in each treatment
with 6 piglets in each pen (4.0%4.2 m”. The formation
of experimental diets referenced to the Nutrient
Requirements Standards of NRC (1998 (Table 1). All diets
were offered in meal form. Five dietary treatments
supplemented with O (control), 100, 500, 1000 or 2000 mg
chitosan/kg feed on the basal diet, respectively. Chitosan
used in this trial was provided by Jinan Haidebei Marine
Bicengmeering Limited Company. The deacetylation
degree of chitosan was determined to be 85.09% and the
viscosity was 45 cps.

Table 1: Composition and nutrient levels of the basal diet (air dry basis, %)

Ingredients Content Nutrients Level
Com 51.9 Digestible energy (MJkg™) 14.32
Saybean meal 16.0 Crude protein 20.02
Wheat 20.0 Crude fat 3.00
Fish meal 2.5 Crude fibre 4.20
Com gluten meal 2.0 Calcium 0.72
Whey powder 2.0 Phosphorus 0.56
Saya bean oil 2.0 Lysine 1.35
Limestone 0.7 Methionine+Cystine 0.82
CaHPO, 1.0 Threonine 0.74
NaCl 0.3

Premix! 1.6

Total 100.0

'The premix provides following nutrients per kg diet: Vitamin

A 16, 000 IU; Vitamnin D3 2500 IU; Vitamin E 60 IU; Vitamin K3 4.5 mg;
Vitamin Bl 2.6 mg; Vitamin B2 8.7 mg;, Vitamin Bé 7.0 mg, Vitamin
B12 0.03 mg; Vitamin C, 200 mg; Pantothenic acid 13 mg; Nicotinic acid
35 mg; Biotin 0.47 mg; Folic acid 0.85 mg; Iron 155 mg;, Copper 35 mg;
Zinc 100 mg; Manganese 25 mg; Iodin 0.35 mg; Cobalt 0.2 mg; Selenium
0.25 mg; Choline chloride 750 mg; Phytase 500 FTU
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Piglets were weaned at the age of 28 days,
penned in a temperature-controlled nursery building
where temperature was maintained 26~28°C and relative
humidity was about 65~70%. The weaned piglets had
1 week of housing and management adaptation before the
experimental phase. The experimental period was 28 days.
Feed and water were freely available durmng the
experimental period.

Sample collection: On day 14 and 28 of experunent, one
pig from each replicate of each treatment was randomly
selected and blood samples were obtained by puncturing
the vena cava. The blood samples were centrifuged at
3,000xg for 10 min at 4°C to yield serum. Serum was stored
at -20°C until analysis of concentrations of ACTH and
COR as well as activity of GSH-PX, SOD and CAT.

Determination of ACTH and COR contents: Plasma
ACTH determined using
commercially available RIA kit (Beyimng smo-uk institute
of biological technology, China) according to the
manufacturer’s instructions. The quantification limit of the
assay was 5 pg mL ™" plasma and the intra and interassay
CV were 3.0 and 7.8%, respectively. Plasma cortisol
concentrations were determined using a commercially
available RTA kit (Beijing sino-uk institute of biological
technology, China). The intra and interassay CV for
samples were 3.8 and 10.7%, respectively.

concentrations were a

Assay for antioxidative enzymes activity: Serum GSH-Px
enzyme activity was determined using a commercially
assay kit A005 (Nammg Jiancheng
Bicengineering Institute) according to the manufacturer’s
instructions. The GSH-Px activity was expressed as units
mL serum and 1 unit was defined as a decrease in GSH of
1 mM per minute after the decrease in GSH per minute of
the non-enzymatic reaction was subtracted. SOD was
determined by the method described by Misra and
Fridovich (1972) and CAT was estimated by the method
described by Sinha (1972).

available

Statistical analysis: Regression analysis was conducted
to evaluate linear and quadratic effects of chitosan on the
various response criteria n piglets by using the SAS
software (SAS, 2003). Differences were considered
significant if probability values of p<0.05 were obtained.

RESULTS

Serum ACTH and COR: With increasing addition of
chitosan, serum ACTH concentrations were declined in a
linear dose-dependent manner (p<0.05) on day 28 and
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Table 2: Effects of chitosan on the level of stress hormones in serum of weaned piglets

Level of chitosan {mg kg™ p-value
Ttems 0 100 500 1000 2000 SEM Linear Quadratic
ACTH (pg mL™)
14 days 31.57 25.37 26.47 29.23 2598 1.471 0.355 0.655
28 days 26.84 25.09 23.94 23.88 22.30 1.315 0.026 0.070
COR (ng mL™})
14 days 117.26 109.27 104.63 109.01 108.85 2.396 0.229 0.047
28 days 116.86 115.19 112.48 111.94 108.25 2.567 0.016 0.036

ACTH = Adreno-Cortico-Tropic-Hormone. COR = Cortisol. SEM = Standard Error of the Mean; p<0.03 means significant regression relation; p<0.01 means

extremely significant regression relation

Table 3: Effects of chitosan on the level of antioxidative enzymes acitivity in serum of weaned piglet

Level of chitosan (mg kg™) p-value
Ttems 0 100 500 1000 2000 SEM Linear Quadratic
GSH-PX (U mLY
14 days 742.61 727.17 801.86 816.78 754.80 24.651 0410 0.033
28 days 697.77 T62.45 845.31 739.93 703.19 25.405 0.039 0.090
SOD (UmL™
14 days 50.55 54.82 55.32 55.10 51.86 1.744 0.802 0.227
28 days 50.05 50.42 55.81 59.27 55.52 2.818 0.111 0.040
CAT (UmL™Y
14 days 51.82 54.47 57.23 56.92 55.85 1.742 0.191 0.097
28 days 50.91 52.92 56.41 60.46 52.35 1.573 0.812 0.041

GSH-PX = Gltathione Peroxidase. SOD = Superoxide Dismutase. CAT = Catalase. SEM = Standard Error of the Mean; p<0.05 means significant regression

relation, p<0.01 means extremely significant regression relation

serumm COR concentrations were decreased m a linear or
quadratic dose-dependent mamner (p<<0.05) on day 14 and
28 (Table 2).

Serum antioxidative enzymes activity: Chitosan enhanced
serumm GSH-Px enzymes activity both in a quadratic
manner (p<<0.05) on day 14 and a linear manner on day 28
(p=10.05) and improved quadratically the activity of serum
SOD and CAT enzymes on day 28 (p<0.05) (Table 3).
In addition, piglets fed diets contaimng 500 and
1000 mg kg chitosan had higher activity of serum
GSH-Px, SOD and CAT compared with those in other
treatments. However, positive effects of chitosan tended
to be suppressed when the additional dose of chitosan
was increased to 2000 mg kg™,

DISCUSSION

The HPA axis is a stress-responsive neuroendocrine
system of organism that connects the central nervous
system with the hormonal system. Under stress, the
hypothalamus secretes corticotropin releasing hormone
and this provokes the release of ACTH from the pituitary.
ACTH triggers the secretion of glucocorticoids from
the adrenal cortex (Kudielka and Kirschbaum, 2005).
Therefore, determmation of HPA axis activity is the
standard procedure to evaluate stress conditions in farm
animals (Mormede e# al., 2007). Shi (2005) found that
chitosan could mhibit merease of COR mduced by LPS in
broilers. L1 (2009) mndicated dietary supplementation of
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chitosan decreased serum ACTH and COR concentrations
in broilers. the results agreed with these of earlier studies.
In present study, dietary supplied with appropriate
amount of chitosan decreased serum ACTH and COR
concentrations in weaned piglets. However, serum ACTH
and COR contents in piglets tended to mcrease when the
additional dose of chitosan was increased to 2000 mg kg™
which suggested chitosan mitigated stress in a
dose-dependent mammer. Although, tlis mechamsm i1s
still not clear, decrease of serum ACTH and COR
concentrations m piglets implied that organism could save
some energy was used to resist stress and more energy
might be used to improve growth or health.

ROS are produced by abnormal metabolic processes
as well as sunlight, ultraviolet light and chemical reactions
and can change the structure of DNA, membrane lipids
and protemn which may result in disease such as cancer,
aging, mflammation and atherosclerosis (Moskovitz ef af.,
2002). Cells are possessed of enzymatic system including
SOD, GSH-Px, CAT and so on, as a part of the cellular
defense system to preserve stability between oxidant and
antioxidant (Rosen and Rauckman, 1984). The antioxidant
enzymes SOD, GSH-Px and CAT play an important role as
protective enzymes against reactive oxtgen species in
tissues and comprise the cellular antioxidant defense
system (Huang ef al., 2005). In the study, with increasing
chitosan, the activity of serum GSH-Px, SOD and CAT
was enhanced in a dose-dependent manner in piglets.
Anandan et al. (2013) indicated chitosan sigmficantly
attenuated the oxidative stress in the heart tissue of aged
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rats through the counteraction of free radical formation
by maintaming the enzymatic (glutathione peroxidase,
glutathione reductase) and nonenzymatic (reduced
glutathione) status at levels comparable to that of normal
young rats. Yen et al. (2007) demonstrated that chitosan
gallate stimulated the protein expression of antioxidant
enzymes such as SOD-1 and GSR. Tao et al. (2013)
reported chitosan and water-soluble chitosan increased
the serum SOD levels significantly. Qiao et al (2011)
found that administration of chitosan prevented
LPS-induced lipid peroxidation and reserved depletion of
anti-oxidants including GSH levels and CAT activity.
The findings of the current study were similar with the
previous studies. However, the mechanisms of chitosan
increasing the activity of serum GSH-Px, SOD and CAT
was not clear this improvement of those enzymes could
scavenge free radicals and preserve stability between
oxidant and antioxidant more effectively.

In addition, some recent researches showed the
antioxidant activities of chitosan and its derivatives can
react with free radicals since, chitosan chains have active
hydroxyl and amine groups (Huang et al, 2005,
Fenga et al, 2008). Hydroxyl and amino groups of
chitosan can react with unstable free radicals which
protected cells from damage. Although, the level of free
radicals m pigs was not measured in this tudy, researchers
speculated that chitosan might improve antioxidant
activity of piglet via following pathways: improved
activity of antioxidant enzymes activity and /or scavenged
the free radicals by itself. So, more researches were
needed to explore its antioxidant mechanisms further.

CONCLUSION

It is concluded from this study that chitosan
mitigated weaning stress and improved antioxidative
enzymes activity in weaned piglets. The diets containing
500-1000 mg kg™' chitosan had a better regulative action
on stress hormones and antioxidative enzymes activity in
piglets compared with other dietary treatments. However,
this positive effect of chitosan tended to be suppressed
when the additional dose of chitosan was increased to
2000 mg kg~ which suggested that the effect of chitosan
on the stress hommones and antioxidative enzymes
activity was dose-dependent in weaned piglets.
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