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Effects of confinement on physiological and psychological 
responses and expression of interleukin 6 and brain derived 
neurotrophic factor mRNA in primiparous and multiparous 
weaning sows

Mingyue Zhang1, Xiang Li1, Jianhong Li2, Hanqing Sun1, Xiaohui Zhang1, and Jun Bao1,*

Objective: The present study aimed to investigate whether the long-lasting, recurrent restricting 
of sows leads to the physiological and psychological reaction of discomfort. 
Methods: Sows (Large White) that had experienced restricting for about 0.5 or 3 years and age-
matched sows kept in a group housing system (loose sows) were compared. Pupillary light reflex 
parameters were measured at the weaning stage. Immediately after slaughter, blood samples were 
taken to measure serum cortisol levels, and the brain was dissected, gene expression in the hippo-
campus, frontal cortex and hypothalamus was analyzed. 
Results: The serum cortisol levels were higher in the confined sows than in the loose sows. The 
full maturity, but not the young adolescent, confined sows had longer latency time in the onset 
of pupil constriction than their loose counterparts. Real-time polymerase chain reaction analyses 
revealed an increased expression of interleukin 6 mRNA in the hippocampus and decreased 
expression of brain derived neurotrophic factor mRNA in hippocampus and hypothalamus and 
to a lesser extent in the frontal cortex of the full maturity confined sows, compared with the full 
maturity loose sows. 
Conclusion: Taken together, these data indicated that recurrent restricting stress in full ma-
turity sows leads to the physiological and psychological reaction of discomfort.

Keywords: Confinement Sows; Pupillary Light Reflex; Brain Derived Neurotrophic Factor; 
Cotisol; Interleukin 6; Hippocampus

INTRODUCTION

In the modern pig production system, confinement such as gestation stalls are a chronic stressor 
to sows, because space restriction limits expression of innate behaviors of pregnant sows and does 
not meet their specific needs [1]. Previous studies have shown that long-lasting confinement of 
sows not only leads to abnormal behavioral responses and physiological reactions [2], but also 
negatively influences the psychology of sows, causing frustration or depression [3] and seriously 
affecting the welfare of pigs. From an animal welfare perspective, inappropriate treatment leads 
first to psychological discomfort, and then to physical discomfort (such as elevated cortisol con-
centrations) [3]. Mental discomfort can also lead to a decline in immunity; therefore, long-term 
chronic stress in livestock makes them susceptible to diseases due to the results of reduced immu-
nity [4]. Therefore, if the sow welfare situation is positive, they will be fully satisfied; if their 
individual physiological and immune status is at a normal level, the sows will be psychologically 
happy.
 Pupillary light reflex (PLR), the contraction response of the pupil to light stimulation [5], is 
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mainly controlled by the sympathetic and parasympathetic nerves 
of the autonomic nervous system; hence, pupil changes are not 
influenced by the external environment or psychological stress 
[6]. Clinical observation found that PLR parameters were differ-
ent between patients with mental depression and healthy people 
[7]. In general, the size and responsiveness of the human pupil 
were governed by the antagonistic action of the sphincter and the 
dilator muscles of the iris that were controlled by the parasym-
pathetic and the sympathetic nervous system, respectively [8]. 
The latency and relative contraction amplitude mainly reflected 
the parasympathetic function [9]. Conventional pupillary reflex 
studies were focused on the clinical studies of human disease [10], 
but few reported on animals. In our previous study, we first used 
the PLR method to evaluate sows' psychological status and found 
that confined sows had longer pupillary light reflex time (PLRT) 
than those of grouped sows [5]. Although the preliminary work 
had not yet confirmed that PLRT delay was the result of sows' 
psychological depression, a large number of human studies had 
shown that the latency time of the pupil constriction onset of 
depressive patients was significantly longer than that of normal 
subjects [11]. Therefore, the measurement of pupil latency time 
and dynamic parameters during the dilatation and contraction 
phase of the PLR could effectively determine the sympathetic and 
parasympathetic nerve function of the central nervous system 
[12].
 The aim of the present study was to investigate whether long-
lasting, recurrent confined stress in sows leads to physiological 
and psychological discomfort reaction. To this end, we researched 
sows that had experienced restraint for years at a commercial hog 
farm, together with age-matched animals from another commer-
cial hog farm where sows were kept in an indoor group housing 
system. The groups of sows had been restrained or loose during 
one and five of the same reproductive cycles, respectively. We 
evaluated the persistent effects of long-lasting stress in these sows 
by measuring the serum cortisol concentrations and the latency 
time of the pupil constriction, and by assessing interleukin 6 (IL-6) 
and brain derived neurotrophic factor (BDNF) expression in the 
hippocampus, frontal cortex and hypothalamus, regions that are 
considered to be involved in stress regulation, emotional memory, 
and mood disorders [13]. The comprehensive results will help 
to evaluate the difference in sows' physiological and psychological 
responses between loose and confined system and provide an 
important scientific basis for improving the welfare of sow pro-
duction.

MATERIALS AND METHODS

Animals
The care and use of all sows in this experiment were approved 
by the Animal Care and Use Committee of the Institute of Animal 
Sciences, Institutional Animal Care and Ethics. The sows were 
purchased from two farms, all sows had been bred and delivered 

by Xinmin pigs (Xinmin Pig Breeding Farm, Harbin, China), i.e. 
they were from the same genetic line (Large White), bred and 
reared under the same highly standardized conditions. The study 
used 80 sows comprising of 40 primiparous sows and 40 high 
parity sows which were selected at random and average housed 
in two completely different conditions farms. Sows were grouped 
by parity, and the following four groups were compared: Young 
adolescent loose sows and young adolescent confined sows, ap-
proximately 0 parity; full maturity loose sows and full maturity 
confined sows, approximately 5 parity. 

Housing and management
Before entering the experimental stage, there was sufficient space 
at least 2.2 m2 floor space for the young adolescent sows before 
breeding (10 pigs in a pen at 2.5 m2/pig, pen size was 350 cm× 
715 cm). The young adolescent sows were transferred into loose 
crates or confined crates at approximately 200 days of age with a 
body weight of 90 to 120 kg. After weaning, the sows immediately 
returned to the original pens that they inhabited during the ges-
tation period and were prepared to be bred again after 1 to 2 days. 
In general, full maturity sows would be estrous on 9th day after 
weaning and start a new round of gestation. The young adolescent 
sows and full maturity sows from the same group experienced 
the same stage. In loose experiment, the farrowing pen size was 
2,600 cm (L)×1,700 cm (W)×1,500 cm (H), in confined experi-
ment, the farrowing pen size was 210 cm (L)×65 cm (W)×90 cm 
(H).
 At one farm, 20 young adolescent sows and 20 full maturity 
sows were group-housed during pregnancies, until approximately 
seven days before farrowing, when they were transferred to far-
rowing pens, in which straw was provided in the bedding area. 
The group pens were provided with solid barriers that permitted 
sows to avoid confrontations and to escape from fights, a measure 
that is expected to reduce stress during mixing and housing. How-
ever, deviating from this schedule, after weaning of the last litter 
and before transportation to the slaughterhouse, the loose sows 
were group-housed. 
 At the other farm, 20 young adolescent sows and 20 full ma-
turity sows were traditionally stall-housed during pregnancy in 
pens measuring (210 cm×65 cm×90 cm). The confined sows 
stayed in the farrowing crate in the period between weaning of 
the last litter and transportation to the slaughterhouse. The repro-
ductive cycle of confined sows is schematically shown in Figure 1.
 The sows were fed twice daily (at 07:30 and 16:00) during the 
pregnancy and lactation. The sows were fed 3 kg/d during all pre-
gnancy stage, and the quantity of feed was reduced by 0.5 kg/d 
in the week before farrowing. On the first day after delivery to 
farrowing crate, the sows were fed 0.5 kg and on the following 
days, each feed was increased by 0.5 kg until the sows could feed 
ad libitum. Water was available ad libitum in the trough after feed-
ing. All the sows were fed restrictively with complete feed. Room 
temperature and humidity ranged from 25°C to 32°C and 45% 
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to 55%, respectively, during the daytime. During the night, the 
room temperature varied between 18°C and 22°C, and the relative 
humidity was approximately 35%. The barn was ventilated through 
a natural ventilation system. (The feed contained 12.9 MJ meta-
bolizable energy, 185.0 g crude protein, 50.0 g crude fat, 80.0 g 
crude ash, and 12.0 g glycine, per kg of feed).
 The gestation and farrowing rooms were ventilated by natural 
ventilation. The temperature of the loose experiment room was 
20.9°C±1.1°C with a relative humidity of 86%±2% during gesta-
tion, and room temperature was 18.2°C±2.8°C, the humidity was 
66.5%±3.5% during farrowing and lactation. The confined experi-
ment room temperature was 18.4°C±2.2°C with a relative humidity 
of 65.2%±2.3% during gestation, and room temperature was 
21.5°C±3.2°C, the humidity was 80.5%±5.5% during farrowing 
and lactation. Free drinking and management were the same, as 
were the daily detection of room temperature and humidity and 
the regular inspection of the physical condition of all experimental 
sows. Disinfection was performed once a month.
 As the experimental cycle span was long, in view of the impact 
of ambient illumination on the PLR, it was necessary to disting-
uish the conditions of the ambient light illuminated by the PLR 
detection according to different months. The PLR testing time 
was between 8:30 h to 9:30 h in the morning from November to 
February and 7:30 h to 8:30 h during March and April. The am-
bient illumination of the room at this time was 1,621.4±10.1 lx 
(sunny side) and 801.5±5.7 lx (back sunny side). The pig eye illu-
mination in the gestation crate and parturition hut was 143.1± 
2.6 lx (the dark place of the sunny side), 261.3±8.9 lx (the light 
place of the sunny side), 40.5±3.6 lx (the dark place of the back 
sunny side), and 83.5±4.1 lx (the light place of the back sunny 
side). As the gestation crate was located adjacent to the parturi-
tion hut, the intensity of light was basically the same. Therefore, 
the test period was defined in the morning with illumination 
meeting the PLR conditions, and the sows at this time were rela-
tively quiet and in a state of lying; thus, the ambient light would 
not cause stress reactions.

Measurement of pupillary light reflex parameters
All experimental sows were in good body condition with no ap-

parent signs of illness or lameness at the commencement of the 
experiment as assessed visually in line with standard farm proto-
cols. Five sows were obtained from different experiment groups 
on the third day after weaning, the PLR index of every group sow 
was measured by a new portable pupil detector (NeurOptics PLR- 
200 Pupillometer, NeurOptics Inc., Irvine, CA, USA). Bao et al 
[5] found that eye illumination was suitable for the detection of 
the sows' pupils under the condition of <250 lx, the pulse intensity 
was 180 uw, and the pulse duration was 802 ms. The operator kept 
the tested sow’s head from unintentionally shaking so that the 
lens of the pupil detector remained at the same level as the eye; 
if the sow's eyes were not open, the operator could skillfully open 
their eyelid for detection. The measurement was conducted by a 
single person, and all measurements were taken by the same per-
son throughout the experiment. 
 The pupillometer operation method was as follows: The user 
would press the LEFT scan button when detecting the left eye, 
and press the RIGHT scan button for the right eye. First, the user 
was required to hold the RIGHT or LEFT scan button down, po-
sition the pupillometer on the sow's eye, and center the sow's pupil 
in the center of the field of view as indicated by a blue rectangle; 
the pupillometer automatically detected the pupil. The pupil was 
marked with a green circle drawn around its perimeter. The user 
released the button when ready to initiate the actual measure-
ment. When the RIGHT or LEFT scan button was released, the 
actual pupil recording was initiated. The user kept the pupillo meter 
firmly on the sow's eye for the entire duration of the recording, 
which lasted 5 seconds; the user did not move or remove the 
device during this time. LAT is the latency of the pupil constric-
tion onset and it represents the time of the onset of the constriction.

Physiological analysis 
Each pig was immediately given a lethal injection of pentobar-
bital into the ear vein and was transported, deeply anesthetized, 
to the operating room. Five blood samples were obtained from 
different experiment groups on the fourth day after weaning, and 
the samples to measure cortisol concentrations were collected 
in anticoagulant-free tubes from each sow. The tubes were gently 
shaken and stored on ice until all animals had been killed. Then, 

Figure 1. Reproductive cycle in confined sows.
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all tubes were centrifuged to extract blood serum. They were kept 
at room temperature for 1 hour before serum was isolated (centri-
fugation at 2,000 rounds×10 min at 20°C). They were stored at 
–70°C until the assay. The cortisol concentrations were deter-
mined using commercial enzyme-linked immunosorbent assay 
kits (Cortisol Emax Immunoassay System, Invitrogen, Carlsbad, 
CA, USA).

RNA extraction, reverse transcriptase polymerase chain 
reaction amplification, and sequencing
Each experimental sows' brain were rapidly excised, the cerebel-
lum was removed, and the brain was transversely cut into left and 
right hemisphere. The hippocampus, frontal cortex and hypo-
thalamus were located, rapidly dissected and tissue collected. All 
the samples were snap-frozen in liquid nitrogen, and stored at 
–70°C until further use.
 For RNA extraction, equal amount tissues (1 g) were excised 
in cold RNase-free phosphate buffered saline to process tissue 
homogenate. The total cellular RNA was extracted from 100 μL 
aliquots of the respective tissue homogenate using TRIzol reagent 
(Invitrogen, Beijing, China) according to the manufacturer’s in-
structions. The RNA was air dried for 2 to 10 min, redissolved in 
20 L RNase-free water, and stored at –70°C until use. To evaluate 
RNA quality, the optical density (OD) of RNA at wavelength 260 
and 280 nm was examined, respectively. The ratio of OD260 to 
OD280 was within 1.8 to 2.2 (data not shown). Reverse transcrip-
tion was carried out in a 40 L reaction mixture containing 20 L 
RNA using oligo-dT primers. All of the process was conducted 
under RNasefree conditions. The AMP-specific cDNA was ampli-
fied by polymerase chain reaction (PCR) using Ex-Taq polymerase 
and primers designed internally from three sets of primers, respec-
tively. The PCR protocol was as follows: an initial denaturation 
for 5 min at 95°C followed by 30 cycles of denaturation at 94°C 
for 30 s, annealing at 50°C for 30 s, and polymerization at 72°C 
for 1 min. The final polymerization step was performed at 72°C 
for 10 min.

Real-time reverse transcription-polymerase chain reaction
A real-time PCR was performed to determine the content of IL-6 
and BDNF cDNA in tissues from sows of both reared in the loose 
and confined system with the real-time RT PCR method using 
SYBR Premix EX TaqTM (Takara Biotechnology, Dalian, China). 
The content of β-actin was measured to control for variation in 
RNA yield and RT-reaction conditions. Equal amounts of tissues 
(1 g) were used to process the tissue homogenate as described 
above. The total cellular RNAs were extracted, RNA quality was 
evaluated, and RT was performed as described above. Real-time 
PCR was performed with the LightCycler 480II Real-Time PCR 
system (Roche, Switzerland) according to previous studies [14]. 
T he following primers were used: 18S, forward primer (5′-GGC-
TACCACATCCAAGGAAG-3′), reverse primer (5′-TCCAAT 
GGATCCTCGCGGAA-3′), 149 bp (NR_002170); IL-6, forward 

primer (5′-AGATGCCAAAGGTGATGCCA-3′), reverse primer 
(5′- ACAAGACCGGTGGTGATTCTCA-3′), 257 bp (NM_214 
399); BDNF, forward primer (5′-GTTTCCCTCTGGTCATGGA 
A-3′), reverse primer (5′-GCTGGCGGTTCATAAGGATA-3′), 
251 bp (NM_214259). Mixtures underwent the following real-
time PCR protocol: A denaturation program (95°C for 10 min) 
and a three-segment amplification and quantification program 
(95°C for 10 s with a single fluorescence acquisition point, 72°C 
for 15 s) repeated for 40 cycles.

Statistical analysis
The collected test data are analyzed using the Statistic Package 
for Social Science (SPSS 23.0; IBM Institute Inc., Chicago, IL, 
USA). Data are expressed as the mean±standard error of the 
mean. Effects of restricting stress and age and their interaction 
were statistically evaluated by analysis of variance with the factors 
housing (loose vs confined) and age group (young adolescent 
sows vs full maturity sows). In case of statistical significance, Sidak 
post hoc comparisons were performed between housing condi-
tions for each age group separately. Statistical significance was 
set at p<0.05.

RESULTS

Cortisol concentration
All animals were slaughtered at approximately the same time after 
weaning of the last litter, i.e. the slaughter interval was not differ-
ent between the four groups (Young adolescent loose: Young 
adolescent confined: Full maturity loose: Young adolescent con-
fined = 14.7±2.3:15.1±1.1:15.4±1.6:14.9±2.1, p = 0.541). The full 
maturity and young adolescent loose sows had similar serum 
cortisol concentrations (p = 0.233; Figure 2A), but the full maturity 
confined sows were significant higher than those of the young 
adolescent confined sows (p<0.05; Figure 2A). Post hoc analysis 
revealed that serum cortisol concentrations in the full maturity 
confined sows were significant higher than that in the full matu-
rity loose sows (p<0.05; Figure 2A). 

Latency time
The LAT time of the full maturity sows were significant longer 
than those of the young adolescent sows (age group: p<0.05; Fig-
ure 2B). Housing conditions affected the time of the LAT (housing: 
p<0.01; housing by age-group interaction: p<0.05; Figure 2B), 
with full maturity confined sows having significant longer LAT 
time than young adolescent confined sows or full maturity and 
young adolescent loose sows (p<0.05; Figure 2B), as confirmed 
by Sidak post-hoc comparisons.

Effects of space-restricting stress on mRNA expression of 
IL-6 and BDNF
Results indicate that the expression of BDNF mRNA in the hi-
ppocampus and frontal cortex sample were higher in the full 
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maturity confined sows than in the other sows (p<0.05; Figure 
3A), but this difference was no longer seen in the hypothalamus. 
While the level of expression of IL-6 mRNA in the hippocampus 
and frontal cortex in young adolescent and full maturity confined 
sows was higher than that of the loose sows (p<0.05; Figure 3B), 
and in the hypothalamus tissue, the level of expression of IL-6 
mRNA in full maturity confined sows was higher than young 
adolescent confined sows or full maturity loose and young adole-
scent sows (p<0.05; Figure 3B).

DISCUSSION

The confinement crates during pregnancy stage were a serious 
source of stress for sows [15], and in this study, we found that 
the young adolescent loose and confined sows had similar serum 
cortisol concentrations (Figure 2A). This indicated that the sows 
could gradually adapt to the stress environment when space-
limited stress has not reached a serious or long-term effect. That 
is, the acute stress-induced activation of the hypothalamic-pitu-
itary-adrenal (HPA) axis is the adaptive response of the animal’s 
body to external stimuli, which would result in short-term ex-
citement of the monoamine neurotransmitter system, such as the 
glucocorticoids, the locus coeruleus, the raphe nucleus and sub-
stantia nigra neurons [16]. The sows would become bored with 
the restraining environment as the confinement duration increased 
and would show a failure response pattern characterized by the 
activation of the HPA system [17]. This was the reason for the 
significant increase in serum cortisol concentrations in full ma-
turity confined sows, similar to the results of studies by Van der 
Staay et al, Möstl and Palme [3,18]. Throughout the space 
confi nement period, the full maturity sows’ serum cortisol con-
centrations were higher than those of young sows (Figure 2A), 

and the results were similar to the findings of Van der Staay et 
al [3], suggesting that repeated restriction stress can enhance the 
effect of adverse events on HPA axis activity [19]. It had also been 
suggested that early confinement experience might improve the 
release of the glucocorticosteroid levels [20]. Several studies also 
suggested that since the cortisol could pass through the blood-
brain barrier on the HPA axis and affect the regulation of the 
brain's emotional region [21], the increase in circulating levels 
was thus associated with depression and stress [22].
 On the basis of previous experiments, the PLR indices of the 
confined and loose sows with different ages at the weaning stage 
were recorded using the NeurOptics PLR-200 pupillometer (Neur 
Optics Inc., USA). The results showed that the long-term space 
constraints had significant effects on the time of LAT in different 
births. This showed that long-term space constraints had a serious 
psychological impact on the sows and might lead to the occur-
rence of depression. In this study, the time of LAT in the full 
maturity sows was significantly longer than that of other age 
groups (Figure 2B), which might indicate that the high parity 
sows that experienced repetitive space constraints were more 
likely to develop discomfort or that their pupil sensitivity to light 
stimulation decreased with aging. Bar et al also found that the 
time of latency in depressive patients was significantly longer than 
that of healthy subjects [11]. This was consistent with the LAT 
findings in high parity sows, indicating that long-term and recur-
rent space constraints might seriously affect the sows’ mental 
health and produce depression symptoms, causing changes in 
LAT that are closely related to the pupillary contraction [12,23]. 
Bitsios et al reported that the increase in latency and the decrease 
in amplitude and velocity of the PLR in the elderly might be re-
lated to increasing age and caused by the decline in the function 
of the autonomic nerve [24]. In addition, prenatal stress can also 

Figure 2. Effects of space-restricting stress on serum cortisol concentration (A) and latency time (B) in different age sows, housed either loosely or confined. Young, primiparous 
sows; Old, 5 parity sows. The data are presented as the mean±standard error of the mean. n = 8 per group, and the data were analyzed using SPSS 23.0. * p<0.05; ** p<0.01.
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cause stress closer to delivery and then weaken the human PLR 
response [25], significantly lowering the pupillary contraction 
amplitude [26]. This study found that long-term space constraints 
led to a significant prolonged latency of the PLR in sows, and the 
latency of the PLR in high parity sows that had undergone multi-
ple space constraints during gestation was significantly higher 
than that of young sows (Figure 2B). This was consistent with 
the phenomenon of prolonged latency of the PLR in sows that 
had been studied in our earlier experiments [5].
 The main finding of this study was that changes in BDNF 
mRNA levels did not correlate with changes in age and restrict 
experience which reared in loose condition, but in confined 
condition the BDNF mRNA levels of full maturity sows were 
significantly lower than those of young adolescent controls (Fig-
ure 3A). In addition, the space-restricting stress during gestation 

and lactation period might significantly decrease the BDNF mRNA 
levels of old sows which experienced the recurrent space-restrict-
ing stress before, but did not significantly impact primiparous 
sows as they first experienced space-restricting stress. This matches 
previous human depression research data [27] that supports the 
hypothesis of neurotrophic factor deficits in the confined sows 
that would have a negative correlation of serum BDNF levels with 
the length of restrict stress. However, we did not find such a cor-
relation between BDNF mRNA levels and ages in the group-
housed sows. Some studies reported a negative correlation of 
serum BDNF levels with the severity of depression [27]. Since 
the neurotrophic hypothesis of depression is supported by robust 
evidence of reduced BDNF in patients with depression [28], we 
consider long-lasting and recurrent space restricting stress on 
breeding sows had a serious psychological damage, and might 

Figure 3. Relative concentrations of interleukin-6 (A) and brain derived neurotrophic factor (B) mRNA in the hippocampus, frontal cortex and hypothalamus of different age sows, 
housed either loosely or confined. The cDNA copy number was measured by real time reverse transcription-polymerase chain reaction and the results were expressed finally for each 
sample as the copy number of each target cDNA normalized to 108 times the copy number of the reference gene 18S rRNA, using the following formula: (target gene cDNA copy 
number/18S rRNA cDNA copy number)×108. All assays were performed in four independent experiments with three replicates per experiment, and each bar is the mean±standard 
deviation.
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be inducing depression disease. 
 The mechanism by which increased BDNF expression could 
improve depression is unclear. Duman and colleagues have hy-
pothesized that BDNF induces neuronal sprouting in brain regions 
like the hippocampus and frontal cortex and improves synaptic 
connectivity and function of neural circuits involved in mood 
regulation [28]. The hippocampus is one of several limbic struc-
tures that have been implicated in mood disorders. there were 
reports that stress can cause damage and atrophy of neurons in 
certain brain structures, most notably the hippocampus, which 
expresses high levels of receptors for glucocorticoids and disturbed 
the HPA axis, the major stress reactive adrenal steroid and thereby 
contribute to other major symptoms of depression [29]. 
 We also found that the expression of IL-6 mRNA in the hippo-
campus, frontal cortex and hypothalamus sample were higher 
in the full maturity confined sows than in the other sows (Figure 
3B), indicating that space constraints stress had a serious impact 
on the sows' psychological condition. Furthermore, the level of 
expression of IL-6 mRNA in the full maturity confined sows was 
higher than that of the young adolescent confined sows (Figure 
3B), which indicated that long-term and repeated environment 
constraints would aggravate the sows’ psychological stress. There 
was also a belief that long-term stress states will have an inhibitory 
effect on the immune system [30]. In other words, the proinflam-
matory cytokines could not only activate the HPA axis effectively, 
but also prevent the negative feedback of corticosteroids to the 
HPA axis, resulting in persistent hyperactivity of the HPA axis. 
It had been reported that the negative emotional state of depres-
sion can cause a significant increase in IL-6 concentrations [28]. 
Moreover, the abnormality of HPA axis and the abnormality of 
cytokine and APP concentrations were the apparent symptoms 
of chronic stress-induced depression [29].

CONCLUSION

In this study, we initially measured the variable regularity of sows' 
physiological and psychological indexes and cytokine and BDNF 
gene expression when they were under conditions of confinement 
stress stimulation. From the results, we observed that the long-
term and recurrent space-restraint stress significantly reduced 
the sows' latency time of the onset of the pupil constriction and 
the serum cortisol levels, and it produced a significant changes 
at the gene-expression level that are consistent with a depression-
like symptomatology. We believe that the long-term and repeated 
confinement stress caused serious psychological trauma to sows, 
destroying the activity of the HPA axis making sows' environ-
mental adaptation very poor and causing serious psychological 
stress. 
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