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Abstract. This study aims to investigate the changes in the tissue structure, cell apoptosis, antioxidant activity,
and cytokine contents of the bursa of Fabricius (BF) in chicks under heat stress, and the regulation mechanism
of the protective effect of dietary y-aminobutyric acid (GABA) on BF in chicks. One-day-old male Wenchang
chicks were randomly divided into a control group (CK), heat stress group (HS), and GABA + HS group. The
index of BF, area of follicle, density of apoptosis, antioxidant activity (SOD, MDA, and GSH-PX), and cytokine
contents (IL-18, IL-6, TNF-«, and HSP70) in the BF tissue of chicks were determined at the end of week 1-6.
Results showed that HS group had significantly decreased index of BF and area of follicle, and significantly
increased density of apoptosis compared with CK group (P <0.05), while GABA + HS group had significantly
increased index of BF and area of follicle, and significantly decreased density of apoptosis compared with HS
group (P <0.05). There was no significant difference in the total SOD activity in the BF tissue among the three
groups, except that GABA + HS group had an increase in total SOD activity in week 6, which was significantly
different from that of CK and HS groups (P <0.05). The GSH-PX activity in the BF tissue was high in all groups
in the first 3 weeks, but decreased in week 4—-6. The MDA content in the BF tissue of HS and GABA + HS groups
was significantly increased compared with that of CK group (P <0.05). There was no significant difference in
the HSP70 content between HS and GABA + HS groups (P >0.05), both of which were significantly decreased
compared with that of CK group (P <0.05). The contents of IL-18, IL-6, and TNF-« in the BF tissue increased
with age in all three groups in week 1-6. In the later BF development, the content of IL-18 in HS group was
significantly decreased compared with that of CK group, whereas the content of IL-6 was significantly increased
(P <0.05), and no significant difference was observed in the content of TNF-«. In contrast, the content of 1L-6
in GABA + HS group was significantly decreased compared with that of CK group, and the content of TNF-«
was significantly increased (P <0.05). These results suggested that heat stress caused structural damage to the
BF tissue, increased cell apoptosis, and decreased antioxidant activity in the BF of chicks. GABA could alleviate
the negative effects of heat stress on the BF tissue and improve the structural and functional development of BF
in chicks, by increasing the antioxidant activity, down-regulating IL-6 content, and reducing cell apoptosis in the
BF tissue of chicks.
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1 Introduction

With the global warming, the impact of high temperature on
animals is of greater concern. Persistent high temperature in
summer induces heat stress in animals, leading to their body
dysfunction and even death (Sherwood and Huber, 2010). In
the poultry industry, domestic birds are susceptible to heat
stress because their body is covered with feathers and they
lack a sweat gland. Recent studies demonstrated that heat
stress causes severe damage to the intestinal tissue structure
of chickens and hinders the absorption and utilization of nu-
trients (Chen et al., 2014, 2015). This leads to reductions in
feed intake, feed conversion rate, and body weight of chick-
ens (Mujahid et al., 2005; Niu et al., 2009), which adversely
affects the growth of chickens. Moreover, it also has a se-
vere effect on the immune systems of chickens, resulting in
weight reduction of the immune organs and weakened anti-
body response (Bartlett and Smith, 2003).

Bursa of Fabricius (BF) is a specific central immune sys-
tem organ in poultry where B cells mature and differentiate.
The normal development of its physiological function is the
premise of the body’s immunity (Glick, 1994). If the phys-
iological function of BF is impaired, it affects not only the
body’s humoral immune reaction but also the physiological
function of the whole body. Studies have indicated that in the
heat stress conditions, the weight of avian BF is decreased,
the lymphocytes in the follicles are reduced, and there is se-
vere vacuolization (Liu et al., 2003; Tarek et al., 2013). Un-
der long-term heat stress, the apoptosis of lymphocytes in-
creases, causing early immunosuppression. Under continu-
ous immunosuppression, the regeneration of lymphocytes in
BF is insufficient to compensate for the damage, which will
affect the normal physiological function of the body (Ning
et al., 2004). Therefore, it is necessary to study the changes
in BF structure and immune function of chickens under heat
stress and to investigate the effect of heat stress on the body.

y-Aminobutyric acid (GABA) is a functional amino acid
widely present in the tissues of animals and plants. As the
major inhibitory neurotransmitter in animals, GABA has the
effect of stabilization, improving anxiety and functioning
as an antidepressant (Leventhal et al., 2003; Mombereau et
al., 2004). Currently, GABA has been widely used in food,
medicine, and agriculture industries as a new type of func-
tional factor (Akihiro et al., 2008; Schijins et al., 2015; Hu et
al., 2015). We have demonstrated in the earlier works that di-
etary supplementation of GABA can alleviate the damage in
the antioxidant system of intestinal mucosa in broiler chick-
ens caused by heat stress and can improve the intestinal di-
gestive enzyme activities (Chen et al., 2013, 2014), which
relieves the negative effect of heat stress in broiler chickens
and improves the growth of chickens (Chen et al., 2002). In
the present study, we aim to investigate the effects of GABA
on the structural and functional development of BF in chicks
reared under conditions of heat stress, by analyzing the index
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of BF, area of follicle, antioxidant activity, density of apop-
tosis, and cytokine levels in chicks.

2 Materials and methods

2.1 Animals and feeding management

Healthy male Wenchang chickens (n = 120; 1 day old) ob-
tained from Hainan YongJi Live Stock Co. Ltd, Hainan,
China, were used in the study. The birds were weighed,
coded, and randomly divided into three groups of 40 birds:
control group (CK), heat stress group (HS), and GABA + HS
group. There was no significant difference in body weight
and feed intake among the groups. The chicks from the CK
and HS groups were administered with 0.2 mL of physiolog-
ical saline solution daily, while those from the GABA + HS
group were administered with 0.2 mL of 50 mgkg~! GABA
solution (Sigma, USA) daily. Normal feeding was carried out
in each group, and chicks were given free access to diets and
distilled water. The feeding room (7 x 3.5 x 3.5m) had natu-
ral ventilation and illumination (L: D =14h:10h). The test
period was 6 weeks. The basic daily diet met the NRC stan-
dards (1994), and the chicks in each group were under rou-
tine management.

2.2 Heat stress treatment

Chicks from HS and GABA + HS groups were subjected to
heat stress treatment at 40 £0.5°C with a relative humid-
ity of 70-80% in LRH-800-GS artificial climate chamber
(Tomorrow Environmental Protection Instrument Co. LTD,
Shaoguan, China) for 2h (13:00-15:00 UTC +8) every day.
Chicks from CK group were placed in room temperature unit
for 2h every day. After the treatment, the chicks were put
back to the normal breeding cages (Ramnath et al., 2008;
Chenetal., 2014).

2.3 Sample collection

Six chicks were randomly chosen from each group and sac-
rificed, at the end of week 1, 2, 3, 4, 5, and 6. BF was cut
out immediately and weighed after the surface connective tis-
sue was removed. A portion of the bursa tissue was fixed by
Bouin’s fixation fluid for routine paraffin sections. The rest
of the tissue was kept at —20°C for tissue homogenate. All
procedures used in animal experiments were in compliance
with the Hainan Normal University Ethics Committee.

2.4 Determination of histomorphological index of BF

2.4.1 Index of BF

Body weights of chick were measured at the end of each
week. BF tissues were weighed after sacrificed. Index of
BF was calculated as index of BF (gkg~!) = wet weight of
BF / body weight x 100 %.
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Table 1. Effects of GABA on the histomorphology of the BF in chicks under heat stress.

99

Age (week)

Parameter Group 1 2 3 4 5 6

Body weight (g) CK 80.88+4.33°A  150.78£5.95PA  238.85+14.34B  42504+1567°C 62555+32.67°0  644.17 £57.24P
HS 69.62+3.44PA 12323452084  215854+6.128  317.12+£20.228C  474.92+27.87%0  622.60+36.32E
GABA+HS 57.15+£292%A 138.42+4572PB  221034+4.78C  399.604+12.05P°  457.42+43.0580  661.36 - 48.66E

BF weight (g) CK 0.20+0.02A 0.53+0.03A 1.0540.11bB 1.9240.179C 2.59+0.23PD 1.33+0.178
HS 0.18 +0.03 0.41+0.06" 0.67 +0.1028 1.27+£0.138 0.75+0.0728 0.84+0.12B
GABA+HS  0.14+0.02A 0.43 +0.04AB 0.67 +0.0825C 1.51 4+ 0.1730E 0.84 +0.188CD 1.16 +0.23PE

Index of BF (gkg™1) CK 2.4240.19°A 3.5240.208 4.3440.25°C 4.5340.38C 4.15+0.3288C 2.0440.15%A
HS 2.4940.298¢  3.30+0.46¢P 3.1040.42bCD 4.0540.40P 1.58 +-0.110AB 1.36 4 0.20PA
GABA+HS 2.29+033"B  313+0.358C 2.98+0.35PBC 3.754+0.32C 1.79+£0.27°A 1.71+0.25%A

Area of follicle CK 39.10+£1.78PA  115464+3.68®  169.854+14.380  167.944+7.09°0  173.23+£6.54°0  144.82 4 5.28°C

(x103 pm?) HS 30.01+£1.162A  57.90 +3.10%8 98.65+7.56%C  122.82+10.502°  65.49+4.678B  121.71+6.773D
GABA+HS 40.70+£1.96PA  81.694+3.54PB  108.94+11.14%C  123.024+9.27%C  123.60+£3.14°C  154.24 4+ 6.33°D

a—c. A—E Means within a column (lowercase superscripts) or a row (uppercase superscripts) and without a common superscript differ significantly (P <0.05, n = 6).

2.4.2 Area of follicle

The routine paraffin sections obtained from chicks (n = 6)
were stained with routine H. E staining. Three tissue sec-
tions from each chick and five follicles from each section
were randomly chosen for observation of structural change
in the BF tissue under microscope. The tissue sections were
also photographed with YD400C digital camera (Shangdong
Yichuang Electronics Ltd., Jinan, China). Area of follicle
was measured by Image-pro Plus 6.0 image analysis software
(Media Cybernetics, Inc., USA).

2.4.3 Cell apoptosis in BF and density of apoptosis

Experiments were conducted on the routine paraffin sections
with TUNEL cell apoptosis detection kit (coloration method)
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China) according to the manufacturer’s protocol. Three tis-
sue sections were randomly chosen from each sample with
five different visual fields for each section and photographed
with YD400C digital camera (Shandong Yichuang Electron-
ics Ltd., Jinan, China). The number of apoptotic cells and
area of visual field were measured by Image-pro Plus 6.0 im-
age analysis software (Media Cybernetics, Inc., USA), and
the density of apoptosis was obtained by dividing the num-
ber of apoptotic cells by the area of visual field.

2.4.4 Antioxidant activity

The bursa tissue was washed with ice-cold phosphate buffer
saline (PBS) to remove the blood and wiped dry with filter
paper. PBS (pH 7.4) was added at a ratio of 9:1 of the tis-
sue weight. The mixture was homogenized with cold glass
homogenizer in ice bath, until the cells were completely
broken and the color of the liquid was light and uniform.
Subsequently, the BF tissue homogenate was centrifuged at
3500 rpm for 10 min at 4 °C. The supernatant was collected
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and stored at —20°C, for measuring activity of GSH-PX
and SOD and MDA content. Measurements were done with
reagent kits from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China) according to the manufacturer’s protocol.

2.4.5 Cytokine contents

The contents of IL-18, IL-6, TNF-«, and HSP70 in the su-
pernatant of BF tissue homogenate were measured with the
ELISA kit for chickens from Shanghai Yu Ping Biotechnol-
ogy Ltd. Co. (Shanghai, China) according to the manufac-
turer’s protocol. The absorbance (OD value) was measured
at 450 nm wavelength with a microplate reader, and the cy-
tokine levels were calculated based on the standard curve.

2.5 Statistical analysis

All data were represented as mean 4+ SEM. Experimental
data were analyzed using ANOVA with SPSS16.0 software
(SPSS Inc, Chicago, US) and using multiple comparisons
with Duncan’s method. P <0.05 was considered statistically
significant.

3 Results

3.1 Effect of GABA on the body weight, index of BF, and
BF tissue structure of chicks under heat stress

Table 1 shows that all three groups of chicks gained weight
rapidly after 3 weeks of age. In the first week, the body
weight of chicks in HS and GABA + HS groups was sig-
nificantly different from that in CK group (P <0.05). At 2—
4 weeks of age, chicks of CK group had the highest body
weight, followed by GABA + HS group and HS group. How-
ever, there was no significant difference in the body weight of
chicks between GABA + HS group and CK group (P >0.05).

Arch. Anim. Breed., 59, 97-105, 2016
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Figure 1. Effects of GABA on the tissue structure and cell apoptosis of the BF in 4-week-old chicks under heat stress. (a—c) The BF
tissue structure of chicks, bar = 100 um. (d-f) Cell apoptosis in the BF of chicks, bar = 50 um. (a, d) Control group; (b, €) HS group; (c, f)

GABA + HS group. Arrows: apoptotic cells.

At 6 weeks of age, GABA + HS group had a higher body
weight than CK group.

A significant difference in the index of BF among the three
groups was only observed from 3 weeks of age (P <0.05).
The index was highest in CK group, which was consistent
with the cumulative growth curve of the chicks. At 3-5 weeks
of age, the index of GABA + HS group was not significantly
different from that of HS group (P >0.05); while at 6 weeks
of age, the index of GABA + HS group was close to that of
CK group with no significant difference (P>0.05). The in-
dex of BF increased at first and then declined in all groups,
and BF of the Wenchang chicks gradually degenerated after
6 weeks of age (Table 1).

Observation of the BF tissue structure in chicks (Fig. 1a—c)
showed that HS group had markedly reduced area of follicle,
wider follicular space and obvious medullary vacuolization,
compared with CK group. Table 1 shows that at 1-2 weeks
of age, HS group had the smallest area of follicle, which
was significantly different from that of the other two groups
(P <0.05). At 3-4 weeks of age, there was no significant dif-
ference in the area of follicle between GABA + HS group
and HS group (P>0.05), both of which were significantly
different from that of CK group (P <0.05). At 6 weeks of
age, no significant difference was seen in the area of fol-
licle in GABA 4+ HS group when compared to CK group
(P>0.05), whereas the smallest area of follicle was seen in
HS group with a significant difference from that of the other
two groups (P <0.05). Among the three groups of chicks at
1-6 weeks of age, CK group had the largest area of follicle,
followed by GABA + HS group and HS group.

Arch. Anim. Breed., 59, 97-105, 2016

3.2 Effect of GABA on cell apoptosis in the BF tissue of
chicks under heat stress

Table 2 shows that during week 1-6, the density of apoptosis
in CK and GABA + HS groups first increased then declined
without significant changes. In contrast, the density of apop-
tosis increased with age in HS group with a remarkable rise
from 2 weeks of age. At 1 and 3 weeks of age, the density of
apoptosis in CK group was significantly lower than HS and
GABA + HS groups (P <0.05). At 4-6 weeks of age, there
was significant difference in the density of apoptosis among
the three groups, with the highest density of apoptosis ob-
served in HS group (P <0.05). At 6 weeks of age, the density
of apoptosis in GABA + HS group was close to that of CK

group (Fig. 1d—f).

3.3 Effect of GABA on the antioxidant activity and
HSP70 content in the BF tissue of chicks under heat
stress

Figure 2a shows that the total SOD activity in the BF tis-
sue of all groups increased with age. At 6 weeks of age,
the total SOD activity of GABA + HS group was signifi-
cantly higher than that of CK and HS group (P <0.05). Fig-
ure 2b shows that the GSH-PX activity in the BF tissue was
high in all groups in the first 3 weeks, but decreased after
4 weeks of age. At 3 weeks of age, the GSH-PX activity of
GABA + HS group was significantly higher than that of CK
and HS group (P <0.05). At 5 weeks of age, the GSH-PX
activity of HS group was significantly higher than that of CK
group (P <0.05). Figure 2c shows that the MDA content in
the BF tissue of HS and GABA + HS groups was higher than
that of CK group with a significant difference in week 2, 3,
and 6 (P <0.05). Figure 2d shows that the HSP70 content
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Table 2. The effect of GABA on the density of apoptosis in the BF of chicks under heat stress.

Age (week)
Group 1 2 3 4 5 6
CK 21.37+£3.28%A  31.044+3.268AB 4077 +4.1638 40.49 + 43738 64.91 + 8.832C 33.38 4 2.273AB
HS 45414+ 4.25PA 4413459722 180.354+11.51°B  299.45+27.69°C  335.43+14.23C  388.52 + 35.70PD
GABA+HS 56.74+4.01PA  056948.49PA  187.484+21.34%B  180.01+£21.74°B 15015+ 242008 6651 £ 5998

a—¢, A=D Means within a column (lowercase superscripts) or a row (uppercase superscripts) and without a common superscript differ significantly (P <0.05, x10~5 pm=2, n = 6).
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Figure 2. Effects of GABA on the activity of SOD and GSH-PX and the content of MDA and HSP70 in the BF of chicks under heat stress
(n = 6). (a) The change of total SOD activity in the BF of chicks under heat stress. (b) The change of GSH-PX activity in the BF of chicks
under heat stress. (c) The change of MDA content in the BF of chicks under heat stress. (d) The change of HSP70 content in the BF of chicks

under heat stress.

in the BF tissue of HS and GABA + HS groups was signifi-
cantly lower than that of CK group (P <0.05) in week 1-6.

3.4 Effects of GABA on the cytokine level in BF of
chicks under heat stress

Table 3 shows that the content of IL-18 in BF increased with
age in all three groups in week 1-6. At 1 week of age, HS
group had the highest content of IL-18 (P <0.05). At 2—
3 weeks of age, there was no significant difference in the
content of IL-18 among the three groups (P>0.05). At 4-
6 weeks of age, CK group had the highest content of IL-18
(P <0.05). Compared with CK group, the content of IL-18
in BF of HS group was significantly different in week 1 and
4 only (P <0.05). The content of IL-6 in BF increased with
age in all three groups in week 1-6. The content of IL-6 in
HS group was significantly increased compared with that in
CK group (P <0.05). The content of IL-6 in GABA + HS
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group was significantly decreased compared with that in the
other two groups (P <0.05). The content of TNF-« in BF
of GABA + HS group was significantly increased compared
with that of CK and HS groups in all weeks (P <0.05).

4 Discussion

Wenchang chicks were reported to gain body weight slowly
in the first 3 weeks and enter a rapid growth stage after that
(Zhou et al., 2015). In this study, we found that at 3—4 weeks
of age, chicks of CK group had the highest body weight, fol-
lowed by GABA + HS group and HS group. This was possi-
bly because the internal organs of the chicks were in a rapid
growth stage after 3 weeks; however, the body of chicks in
HS and GABA + HS groups consumed more energy to com-
pensate for the cumulative damage induced by heat stress,
instead of growth. As a result, the weight gain of these two

Arch. Anim. Breed., 59, 97-105, 2016
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Table 3. Effects of GABA on the contents of IL-13, IL-6, and TNF-« in the BF of chicks under heat stress.

Age (week)

Parameter

(ngL™Y)  Group 1 2 3 4 5 6

IL-18 CK 76.61+3.87%" 106.71+4.838  109.88+3.03®  133.63+293°CD  126.65+2.86°C  138.08 +2.67°°
HS 97.06+4.14°A  10950+£4.458  12042+3.30C  121.4443.413¢  118.14+1.718PBC 134 14+ 2 50bD
GABA+HS 80.20+273°% 9765+2178  109.414+4.45BC 11312 +4.743C 112.86+6.058C  118.91 +4.06%C

IL-6 cK 20.47+0.82°A  2653+1.74PB  31.17+0.90PC  3355+0.64°CD  33.79+1.55PCD  36.97 +1.34PD
HS 25.09+0.31°A  31.50+1.26°B  38.43+1.60°C 39.57 +0.96¢C 38.17 +£0.85C 44,73 +£1.430
GABA+HS 17.894+0.522A 2227405188 22104 0.5228 24.43 £ 0.60%C 25.06 4 0.472C 25.16 4 0.663C

TNF-o CK 59.48+1.043A 67.08+1.98%8  70.92+1.1328 77.22 4£0.943C 77.25+1.243C 80.95 =+ 1.443C
HS 62.76+0.94%A  69.68+£2.21%B  71.82+1.03%BC  76.31+1.85%° 75.35+1.233¢D 8205+ 0.87%F
GABA+HS 78.34+£4.80°A 088512068 958811608 97.26 4 1.76"B 98.11 4+ 1.89B 94.40 4+ 1.70°B

a—¢, A=D Means within a column (lowercase superscripts) or a row (uppercase superscripts) and without a common superscript differ significantly (P <0.05, n = 6).

groups was less than that of CK group. GABA + HS group
had a higher body weight than HS group, suggesting that the
addition of GABA might alleviate part of the damage caused
by heat stress, and therefore the body weight of GABA + HS
group was close to or higher than that of CK group.

We found that in week 1-6, the index of BF in all three
groups of Wenchang chicks had a downward trend after the
first increase. The index of BF in white Leghorn chicks has
also been reported with the similar trend at 1-60 days of
age (Zhang et al., 2006; Tang and Chen, 2015). Mashaly
et al. (2004) also reported that heat stress inhibited the to-
tal white blood cell counts and antibody production in com-
mercial laying hens, and lymphocytes of heat-stressed hens
had the least activity at 1 week following treatment. This
might be related to the gradual degradation of BF function
due to the maturation of B lymphocytes in BF and their mi-
gration to the peripheral tissues and organs at this stage. In
the early several weeks, there was no significant difference
in the index of BF among the three groups, and significant
difference was only seen in week 5-6, likely because the dif-
ference in the index of BF among the groups was not obvi-
ous in the initial stage of BF development with a slow body
weight gain. At 5-6 weeks of age, the BF tissues of HS and
GABA + HS groups are incompletely developed due to the
cumulative attack of heat stress, and the damage caused by
heat stress is more severe in the BF tissue than in other tissues
(Tarek et al., 2013). Therefore, the index of BF in these two
groups was lower than that of CK group. GABA + HS group
showed an index of BF higher than HS group and close to
CK group, implying the alleviation effect of GABA. How-
ever, Santin et al. (2003) reported that NDV and IBDV an-
tibody titers in broiler chicks under three different tempera-
tures (18 £2, 24+ 2, and 32 42 °C) were not significantly
different (P>0.05). This was probably due to the different
high temperatures tested (32 vs. 40 °C).

Follicle development is the basis of BF development;
hence, the development of BF can be reflected to a certain
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extent by measuring the area of follicle. We found that HS
group had the smallest area of follicle in BF compared with
CK group in week 1-6. Oznurlu et al. (2010) also reported
that the development of thymus and BF in chicks from heat
stressed eggs (exposed continuously to 38.8°C from 10th
day of incubation) was retarded, and the lymphocyte levels
of heat-stressed animals were lower than in the controls. This
could be attributed to the follicular dysplasia of HS group
starting from the first week due to the damage in BF caused
by heat stress. In contrast, the area of follicle in GABA + HS
group was not statistically different from that in CK group
in the first week, possibly because the damage caused by
heat stress was not sufficient to affect the normal develop-
ment of BF follicles under the action of GABA. However, in
week 2-5, the area of follicle in GABA + HS group could
not return to normal due to the cumulative damage induced
by heat stress, which was the most severe in week 3 and 4 for
both HS and GABA + HS groups. It was possibly because
this was the rapid development period of the BF follicles that
requires a large amount of energy. However, due to the accu-
mulation of heat stress, the body had to consume excessive
energy to alleviate heat stress-induced damage instead of us-
ing the energy for development. In week 6, the area of follicle
in GABA + HS group was close to that in CK group, possibly
because the long-term action of GABA alleviated the heat-
stress-induced damage and allowed the recovery of follicular
development. This was in accordance with the changes in the
index of BF.

Cell apoptosis is an important life phenomenon in multi-
cellular organisms, which plays an essential role in the nor-
mal development of the organism. In week 1-6, the apoptosis
of BF cells in CK group first increased then declined with-
out significant change. The density of apoptosis reached the
maximum in week 5 and returned to the level of week 2 in
week 6. A possible reason is that the development of BF was
the most vigorous in week 5, so the number of natural apop-
totic cells also increased. The decrease in cell apoptosis in

www.arch-anim-breed.net/59/97/2016/
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week 6 might be associated with the slow-down development
and gradual degeneration of BF during the period, which was
consistent with the trend of change in the index of BF and
area of follicle. The BF cell apoptosis in HS group was at a
low level in week 1 and 2 but increased remarkably in week
3-6. A possible explanation could be that the damage caused
by heat stress was not sufficient to cause disturbance of apop-
tosis in the first 2 weeks. However, from week 3, the rapid
growth of chicks and accumulation of heat stress in BF re-
sulted in a substantial increase in the apoptosis of BF cells.
GABA + HS group had a high level of BF cell apoptosis in
week 3, which gradually decreased after that and was close
to that of CK group in week 6. This could be attributed to the
alleviation of heat stress by GABA.

An oxidant-antioxidant system is present in normal organ-
isms, the homeostasis of which maintains the normal devel-
opment of tissues. Studies have indicated that the body can
produce reactive oxygen species under heat stress (Khar et
al., 2006; Del Vesco and Gasparino, 2013), and the antioxi-
dant activity of tissues can be determined by measuring the
activity of SOD and GSH-PX, and MDA content in tissues
(Wang et al., 2008; Starrs et al., 2001). In this study, we
found a significant difference in the total SOD activity in the
BF tissue among the three groups in week 3 and 6 only. In
week 3, the total SOD activity in the BF tissue of HS and
GABA + HS groups was higher than that of CK group, be-
cause the BF tissue of HS and GABA + HS groups was un-
der the heat attack in week 3, leading to excessive production
of reactive oxygen species in BF cells. As a result, the body
upregulated the SOD activity by a compensatory mechanism
in order to maintain the oxidant-antioxidant balance in the
BF tissue. In week 6, the total SOD activity in the BF tissue
of GABA + HS group was higher than that of CK and HS
groups, possibly because of long-term addition of GABA,
which increased SOD activity and therefore the antioxidant
capacity of the BF tissue in chicks (Chen et al., 2013).

The GSH-PX activity of all groups was high in the first 3
weeks but became relatively low after week 4. Since rapid
growth of chicks occurred after 3 weeks, it was speculated
that GSH-PX had a great effect on the early development of
BF tissue in chicks. The decreased GSH-PX activity in week
4-6 might be related to the degeneration of BF in chicks.
In addition, the content of MDA in BF tissue of both HS
and GABA + HS groups was higher than that in CK group
from week 2. It suggested that the BF tissue was damaged
by cumulative heat stress, leading to excessive production of
MDA in BF cells; GABA did not effectively remove MDA
in the BF tissue. This was in disagreement with the view that
GABA can significantly remove MDA in intestinal tissues of
chickens (Chen et al., 2013). It might be related to the dose
of GABA to produce the effect, as it was easier for GABA to
get into the small intestine than the BF tissue with the same
dose of GABA administered.

HSP70 is a member of the heat shock protein family, the
content of which increases significantly under stress. There-
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fore, the content of HSP70 is often used as a specific indica-
tor of stress. Zulkifli et al. (2000) found that early age feed-
ing restriction may improve heat tolerance in female broiler
chickens from 35 to 41 days of age during which all birds
were exposed to 38° for 2hday 1. The results indicate that
the 60% feed restriction was beneficial for alleviating the
detrimental effects of heat stress in female broiler chick-
ens. This experiment implied that the 60 % feed restriction
at 4, 5, and 6 days of age, a mild stressor, may enhance the
formation of heat shock proteins for resistance to 38° am-
bient temperature in female broiler chickens. However, our
results showed that the content of HSP70 in both HS and
GABA + HS groups was lower than that of CK group in
week 1-6, and there was no significant difference between
GABA + HS group and HS group. This was similar to the
finding reported by Zhou et al. (2010), who found that the ex-
pression level of HSP70 decreased significantly in the spleen
of laying ducks with longer period of heat stress. A possi-
ble explanation is that the damage in the BF tissue caused
by cumulative heat stress was too severe, and the ability of
chicks to synthesize HSP70 in this period was insufficient,
leading to impeded synthesis and secretion of HSP70 in the
BF tissue. Besides, the effect of GABA to relieve heat stress
was insufficient to offset the impaired synthesis of HSP70 in
chicks caused by heat stress, resulting in the insignificant dif-
ference in HSP70 content between GABA + HS group and
HS group. It will be more interesting whether the 60 % feed
restriction and GABA co-feeding may alleviate significantly
the detrimental effects of heat stress.

Abnormalities in metabolism and endocrine in animals in-
duced by stress, which will lead to reduced growth and im-
paired immunity, were caused by the inhibitory effect of in-
flammatory cytokines such as IL-18, IL-6, and TNF-« (John-
son, 1997). In this study, we found a significant increase
in the content of IL-6 in the BF tissue of HS group com-
pared with that of CK group and no significant change in the
content of TNF-«. In contrast, GABA + HS group showed a
significantly decreased content of IL-6 and a significant in-
creased content of TNF-« in the BF tissue, compared with
CK group. It suggested that heat stress caused increased pro-
duction of IL-6 in the BF tissue of chicks, which hindered
the development of BF. This was consistent with the earlier
studies that reported stress causes a significant increase in
the contents of IL-6 and TNF-« in the plasma of piglets and
serum of layers (Webel et al., 1997; Gao et al., 2006). GABA
alleviated the damage in BF of chicks caused by heat stress
through inhibiting the level of IL-6 in the BF. However, it
was hard to explain why the content of TNF-« remained
unchanged in HS group, and was significantly increased in
GABA + HS group. We suspected that it might be related to
the different tissue studied and dose of GABA received by
the BF tissue, which would be the focus of our future inves-
tigation.
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5 Conclusions

Heat stress hindered the structural development of BF tis-
sue in chicks and caused increased cell apoptosis, decreased
antioxidant activity, and imbalance of cytokine secretion in
BF, which adversely affected the functional development of
BF in chicks. We demonstrated that GABA could be used
as an additive to alleviate the negative effects of heat stress
on the tissue structure and functional development of BF
in chicks, and to improve the internal environment of heat-
stressed chicks for the normal development of BF.
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