
  INTRODUCTION 
  Broilers are challenged by a variety of physiological 

stresses in modern intensive rearing systems, which can 
cause major economic losses for the poultry industry. 
Many stressors, including alteration in environmental 
conditions (Sohail et al., 2012), increased population 
density (Mashaly et al., 1984), and transport (Lèche 
et al., 2013), can activate the hypothalamic-pituitary 
adrenal (HPA) and cause release of glucocorticords. 

  Stimulation of the adrenal cortex by administration 
of adrenocorticotropin has been employed as a model to 
mimic physiological stress in poultry (Puvadolpirod and 
Thaxton, 2000a; Virden et al., 2007; Song et al., 2011). 
Physiological stress responses that occur in broilers 

following corticosterone (CS) treatment include poor 
performance (Virden et al., 2007), elevation of plasma 
CS, glucose (GLU), and uric acid (Puvadolpirod and 
Thaxton, 2000b; Yuan et al., 2008), depression of the 
immune system (Murray et al., 1987; Minozzi et al., 
2008), disorders of redox balance (Taniguchi et al., 
1999), and a decline in nutrient digestibility (Puvadol-
pirod and Thaxton, 2000d). 

Forsythia suspensa extract (FSE) has been reported 
to exert antiviral (Liu et al., 2004) and anti-inflam-
matory effects (Liu et al., 2004; Hu et al., 2007). Our 
laboratory has published a series of papers that collec-
tively demonstrate antioxidant properties (Piao et al., 
2008, 2009; Lu et al., 2010) as well as antihypersensitiv-
ity (Hao et al., 2010) and antibacterial functions (Han 
et al., 2012) for FSE. Furthermore, these studies have 
shown that FSE supplementation attenuated physi-
ological stress induced by high temperature (Wang et 
al., 2008) or high stocking density (Zhang et al., 2013) 
by reducing oxidative stress, promoting intestinal colo-
nization, and increasing nutrient digestibility. 
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  ABSTRACT   Forsythia suspensa extract (FSE) has 
been demonstrated to attenuate physiological stress in-
duced by high temperature or high stocking density. 
This experiment was conducted with 144 male Arbor 
Acre broilers (1-d-old, weighing 42.7 ± 1.7 g) to de-
termine the effects of FSE on performance, nutrient 
digestibility, antioxidant activities, serum metabolites, 
and immune parameters for birds treated with corticos-
terone (CS). The birds were randomly allotted to 1 of 
4 treatments in a 2 × 2 factorial arrangement that in-
cluded FSE supplementation (0 or 100 mg/kg) and CS 
administration (0 or 20 mg/kg of diet for 7 consecutive 
days starting on d 14). The feeding program consisted 
of a starter diet from d 1 to 21 and a finisher diet from 
d 22 to 42. Corticosterone administration decreased (P
< 0.01) ADG and impaired (P < 0.01) feed conversion 
ratio in both phases and overall, which were alleviated 
(P < 0.01) by dietary FSE supplementation in the fin-
isher phase and overall. At d 21, CS administration 

caused decreases (P < 0.05) in the apparent digest-
ibility of energy, relative weight of bursa and thymus, 
total antioxidant capacity, superoxide dismutase (SOD) 
activity, and antibody titers to Newcastle disease virus 
(NDV); however, serum malondialdehyde and uric acid 
were increased. All of these changes were attenuated (P
< 0.05) by dietary FSE supplementation. At d 42, FSE 
supplementation improved (P < 0.05) the apparent di-
gestibility of DM and CP, relative weights of bursa, 
SOD activity, and antibody titers to NDV, which were 
impaired by CS administration. Interactions (P < 0.05) 
were noted between CS and FSE for ADG and feed 
conversion ratio in the finisher phase and overall, as 
well as total antioxidant capacity, SOD activity, uric 
acid, and antibody titers to NDV at d 21, as well as rel-
ative weights of thymus at d 42. In conclusion, dietary 
FSE supplementation enhanced nutrient digestibility 
and performance of broiler possibly by reducing oxida-
tive stress and immune depression challenged by CS. 
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Considering the antioxidant activity and immune en-
hancement functions of FSE, we hypothesized that CS 
administration would result in decreased performance, 
metabolic changes, and harmful adaptive responses 
(i.e., decreased relative weights of bursa, thymus, and 
spleen and oxidative injury) in broilers, which could be 
partly or completely attenuated by dietary supplemen-
tation with FSE. Therefore, the aims of the present 
study were to investigate the effects of FSE on perfor-
mance, relative weights of the major immunobiological 
organs, antioxidant activities, and serum metabolite 
changes in male Arbor Acre broiler chickens subjected 
to CS administration.

MATERIALS AND METHODS

Preparation and Composition of FSE
Forsythia suspensa extract is derived from a climbing 

plant widely distributed in China, Japan, and Korea. 
The FSE was prepared using the methods described 
by Wang et al. (2008). In brief, dried fruits of Forsyth-
ia suspensa were purchased from the Tong Ren Tang 
Company (Beijing, China). The fruits were ground to 
powder (100 g), extracted with 500 mL of 80% meth-
anol, sonicated for 3 h, filtered, and extracted twice 
(500 mL each time). The filtrates were combined and 
dried by rotary vaporization (Büchi, Rotavapor R-124, 
Flawil, Switzerland). Lu et al. (2010) identified 3 com-
pounds (forsythoside A, forythialan A, and phillygenin) 
in FSE, which have been demonstrated to be the major 
antioxidant constituents in FSE.

Experimental Birds
The experimental protocols used in these experi-

ments were approved by the Institutional Animal Care 
and Use Committee of China Agricultural University 
(Beijing, China). A total of 144, one-day-old, male Ar-
bor Acre broiler chickens (weighing 42.7 ± 1.7 g) were 
purchased from Arbor Acres Poultry Breeding Com-
pany (Beijing, China). All birds were raised in wire-
floored cages in an environmentally controlled room 
with continuous light and had ad libitum access to feed 
and water. The ambient temperature was maintained 
at 34°C at the start of experiment and decreased as the 
birds progressed in age to ensure a final temperature of 
24°C at 35 d and thereafter. All birds were inoculated 
with inactivated infectious bursa disease vaccine on d 
14 and 21 and Newcastle disease vaccine on d 7 and 
28. The trial was conducted in 2 phases, consisting of a 
starter phase from d 1 to 21 and a finisher phase from 
d 22 to 42.

Experimental Design and Diets
The broilers chickens were randomly allotted to 1 

of 4 treatments in a 2 × 2 factorial arrangement that 
included FSE supplementation (0 or 100 mg/kg) and 

CS administration (0 or 20 mg/kg of diet for 7 consecu-
tive days starting on d 14). Six cages per treatment 
were used, with 6 birds per cage. From d 1 to 42, 12 
cages of birds received diets containing FSE, whereas 
12 cages did not. The supplementation level of FSE 
was based on previous work from our laboratory (Shen 
et al., 2010; Zhang et al., 2013) and the administration 
level of CS was based on Virden et al. (2007). From d 
14 to 21, birds received 1 of 4 dietary treatments: (1) 
a basal diet; (2) the basal diet plus 20 mg/kg of CS; 
(3) the basal diet plus 100 mg/kg of FSE without CS 
addition; and (4) the basal diet plus 100 mg/kg of FSE 
and 20 mg/kg of CS. All diets were fed in mash form 
and were based on corn-soybean meal (Table 1). All 
essential nutrients provided in the diets met or slightly 
exceeded NRC recommendations (NRC, 1994).

Sampling and Sample Processing 
Procedure

Excreta from each cage were collected from d 19 to 
21 and from d 40 to 42, weighed, and dried at 60°C for 
72 h. The feed and dried excreta samples were ground 
to pass through a 40-mm mesh screen and mixed thor-
oughly before analysis. The DM, CP, and crude fat con-
tent were determined according to AOAC (1990); gross 
energy content was measured using an Adiabatic Bomb 
Calorimeter (model 1281, Parr, Moline, IL).

On d 21 and 42, BW and feed intake were measured 
after a 12-h fast to determine ADG, ADFI, and feed 

Table 1. Ingredient and nutrient composition of the experimen-
tal basal diets (as-fed basis)1 

Item 0–21 d 22–42 d

Ingredient (%)
 Corn, yellow 54.70 59.36
 Soybean meal (CP, 46%) 34.52 29.30
 Fish meal (CP, 64%) 3.50 3.50
 Soybean oil 3.12 3.91
 Dicalcium phosphate 1.10 1.05
 Limestone 1.54 1.32
 Salt 0.35 0.35
 l-Lys HCl, 78% 0.02 0.14
 dl-Met hydroxy analog, 84% 0.15 0.07
 Premix2 1.00 1.00
Nutrient content3 (%, unless otherwise noted)   
 ME (kcal/kg) 3,000 3,080
 CP 21.4 19.5
 Ca 1.05 0.89
 P 0.61 0.62
 Available P 0.45 0.40
 Lys 1.28 1.12
 Met 0.58 0.48

1Forsythia suspensa extract (100 mg/kg) and corticosterone (20 mg/
kg) were directly mixed in the basal diet.

2The premix provided the following per kilogram of diet: zinc, 60 mg; 
iron, 100 mg; manganese, 80 mg; copper, 10 mg; iodine, 0.35 mg; sele-
nium, 0.3 mg; vitamin A, 10,000 IU; vitamin D3, 2,850 IU; vitamin E, 
30 IU; vitamin K3, 2 mg; vitamin B12, 12 µg; riboflavin, 6 mg; nicotinic 
acid, 40 mg; pantothenic acid, 12 mg; pyridoxine, 3 mg; biotin, 0.2 mg; 
and choline chloride, 800 mg.

3Crude protein, Ca, and P content were analyzed, whereas other nu-
trients were calculated.
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conversion ratio (FCR). The number of dead birds 
was recorded during the entire experimental period. 
One bird per cage was selected (weighing closest to 
the average BW for each cage) and killed for sampling. 
The liver, bursa, thymus, and spleen were immediate-
ly removed and weighed. The relative weights (ratio 
of organs weight to BW) were also calculated. Blood 
was collected (5 mL) by cardiac puncture into a 10-mL 
anticoagulant-free Vacutainer tube (Greiner Bio-One 
GmbH, Kremsmunster, Austria) and then centrifuged 
at 3,000 × g for 10 min at 4°C to obtain serum. The 
serum samples were stored at −20°C until analysis.

Antioxidant Indices
Assay kits for antioxidant indices were obtained from 

the Nanjing Jiancheng Bioengineering Institute (Nan-
jing, China) and used according to the instructions of 
the kits. The total antioxidant capacity (TAOC) was 
measured by the method of ferric reducing-antioxidant 
power assay (Benzie and Strain, 1996). Activity of su-
peroxide dismutase (SOD) was measured by the xan-
thine oxidase method, which monitors the inhibition of 
nitro blue tetrazolium reduction by the sample (Sun et 
al., 1988). Glutathione peroxidase activity was detected 
with 5,5′-dithiobis-p-nitrobenzoic acid and the change 
of absorbance at 412 nm was measured (Hafeman et 
al., 1974). The malondialdehyde (MDA) level was ana-
lyzed with 2-thiobarbituric acid, monitoring the change 
of absorbance at 532 nm with a spectrophotometer 
(Placer et al., 1996). Data are expressed as units per 
milliliter.

Serum Metabolites and Antibody Titers  
to Newcastle Disease Virus

Serum concentrations of GLU, uric acid, and non-
esterified fatty acids (NEFA) were measured using an 
Automated Biochemistry Analyzer (Hitachi 902 Auto-
matic Analyzer, Hitachi, Tokyo, Japan) using colori-
metric methods and following the instructions of the 
manufacturer of the corresponding reagent kit (Zhong-
sheng Biochemical Co., Ltd., Beijing, China). The 
concentration of CS was determined using an enzyme 
immunoassay (Enzyme Immunoassay, Oxford Biomedi-
cal Research, Rochester Hills, MI). Antibody titers to 
Newcastle disease virus (NDV) were measured by the 
method of Xie et al. (2008).

Statistical Analysis
All data were analyzed as a 2 × 2 factorial design 

using the GLM procedure of SAS (SAS Institute Inc., 
Cary, NC). The cage was the experimental unit for 
performance and digestibility and individual bird was 
the experimental unit for other parameters. The main 
effects included CS administration, FSE supplementa-
tion, and their interaction. Least squares means were 
derived for all treatments and were compared using 

the PDIFF (Adjust Tukey) and STDERR options of 
SAS. Results were expressed as least squares means 
and SEM. Probability values less than 0.05 were used 
as the criterion for statistical significance.

RESULTS

Growth Performance
Significant interactions (P < 0.05) were noted be-

tween CS and FSE inclusion for ADG in both phases 
and overall as well as for FCR in the finisher phase and 
overall (Table 2). Corticosterone administration caused 
decreased (P < 0.05) ADG in the starter phase and 
overall in the absence of FSE supplementation. How-
ever, the adverse effects were attenuated (P < 0.05) 
by dietary FSE supplementation. Furthermore, in the 
absence of FSE supplementation, birds without CS ad-
ministration had greater (P < 0.05) ADG in the fin-
isher phase and lower (P < 0.05) FCR in the finisher 
phase and overall compared with birds administrated 
CS. However, these parameters were not affected by CS 
administration in birds fed diets containing FSE. Cor-
ticosterone administration impaired (P < 0.01) FCR in 
the starter phase, where it was not affected by dietary 
FSE supplementation. No significant difference was ob-
served in the ADFI and mortality among treatments.

Apparent Nutrient Digestibility
No significant interaction was observed between CS 

and FSE inclusion for these parameters (Table 3). Cor-
ticosterone administration decreased (P < 0.05) the 
apparent digestibility of DM and CP at d 21 and 42, 
as well as the apparent digestibility of energy at d 21. 
The apparent digestibility of energy at d 21 was greater 
(P < 0.05) in FSE-supplemented birds, as well as the 
apparent digestibility of DM and CP at d 42. The ap-
parent digestibility of fat was not affected by dietary 
treatments.

Relative Organ Weights
Corticosterone administration caused decreased (P 

< 0.05) relative weight of thymus at d 42 in birds fed 
diets without FSE supplementation, but not in birds 
fed diets containing FSE (Table 4). This was indicated 
by significant interaction (P < 0.05) between CS and 
FSE inclusion. Corticosterone administration increased 
(P < 0.01) the relative weight of liver and decreased 
(P < 0.01) the relative weights of thymus, spleen, and 
bursa at d 21 and 42. However, FSE supplementation 
increased (P < 0.05) the relative weight of bursa at d 
21 and 42.

Serum Antioxidant Indices
Corticosterone administration caused decreased (P 

< 0.05) TAOC and SOD activity at d 21 in birds fed 
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Table 2. Effects of Forsythia suspensa extract (FSE) on performance of broilers challenged by corticosterone (CS)1,2 

Item

CS− CS+

SEM

P-value

FSE− FSE+ FSE− FSE+ CS FSE CS × FSE

Starter phase, d 1 to 21 of age         
 ADG (g) 31.9a 31.7a 26.7c 28.4b 0.43 <0.01 0.09 0.04
 ADFI (g) 43.7 43.7 44.5 45.0 0.82 0.22 0.78 0.73
 Feed conversion ratio 1.37b 1.38b 1.67a 1.58a 0.03 <0.01 0.21 0.18
Finisher phase, d 22 to 42 of age         
 ADG (g) 75.1a 76.2a 68.8b 74.1a 0.94 <0.01 <0.01 0.04
 ADFI (g) 142 143 138 139 2.97 0.51 0.77 0.64
 Feed conversion ratio 1.89b 1.87b 2.01a 1.88b 0.03 <0.01 <0.01 0.02
Overall, d 1 to 42 of age         
 ADG (g) 53.5a 54.0a 47.8c 51.3b 0.51 <0.01 <0.01 <0.01
 ADFI (g) 93.0 93.2 91.4 92.2 1.50 0.75 0.84 0.71
 Feed conversion ratio 1.74b 1.73b 1.91a 1.80b 0.02 <0.01 <0.01 <0.01
 Mortality (%) — — 2.78 — 1.39 0.33 0.33 0.33

a–cMeans in the same row with different superscripts differ (P < 0.05).
1Six replicate cages of 4 to 6 broilers per cage for performance data (as a result of mortality and bird removal).
2CS− = without corticosterone administration; CS+ = corticosterone administration for 7 consecutive days starting on d 14; FSE− = without FSE 

supplementation; FSE+ = 100 mg/kg FSE.

Table 3. Effects of Forsythia suspensa extract (FSE) on apparent nutrient digestibility of broilers challenged by corticosterone (CS)1,2 

Item (%)

CS− CS+

SEM

P-value

FSE− FSE+ FSE− FSE+ CS FSE CS × FSE

d 21         
 DM 75.7a 76.4a 66.8b 67.9b 0.58 <0.01 0.12 0.75
 Energy 80.9a 81.5a 73.7b 75.2b 0.51 <0.01 0.05 0.46
 CP 73.6a 72.8a 42.3b 44.0b 0.69 <0.01 0.58 0.07
 Fat 78.5 78.3 76.8 76.6 1.32 0.21 0.90 0.98
d 42         
 DM 76.5ab 78.0a 74.2c 76.1b 0.57 <0.01 <0.01 0.80
 Energy 81.7 82.4 80.7 81.9 0.64 0.27 0.16 0.70
 CP 72.7a 73.5a 71.3b 73.1a 0.44 0.05 <0.01 0.24
 Fat 82.1 83.0 82.2 83.4 1.42 0.84 0.48 0.92

a–cMeans in the same row with different superscripts differ (P < 0.05).
1Six replicate cages of 4 to 6 broilers per cage for digestibility data (as a result of mortality and bird removal).
2CS− = without corticosterone administration; CS+ = corticosterone administration for 7 consecutive days starting on d 14; FSE− = without FSE 

supplementation; FSE+ = 100 mg/kg FSE.

Table 4. Effects of Forsythia suspensa extract (FSE) on relative organ weights of broilers challenged by corticosterone (CS)1,2 

Item (g/kg)

CS− CS+

SEM

P-value

FSE− FSE+ FSE− FSE+ CS FSE CS × FSE

d 21         
 Liver 21.9b 22.7b 29.3a 27.9a 0.86 <0.01 0.76 0.24
 Thymus 2.90ab 2.99a 1.96c 2.29bc 0.23 <0.01 0.36 0.59
 Spleen 1.29a 1.23a 0.73b 0.85b 0.09 <0.01 0.99 0.23
 Bursa 2.53ab 2.74a 1.68c 2.15b 0.14 <0.01 0.03 0.38
d 42         
 Liver 19.4b 19.4b 22.3a 21.1ab 0.73 <0.01 0.42 0.38
 Thymus 2.13a 2.12a 1.60b 1.91a 0.08 <0.01 0.07 0.05
 Spleen 0.91ab 0.93a 0.72c 0.80bc 0.04 <0.01 0.20 0.54
 Bursa 1.84ab 1.97a 1.41c 1.69b 0.08 <0.01 0.02 0.38

a–cMeans in the same row with different superscripts differ (P < 0.05).
1Six broilers per treatment for organ weights data.
2CS− = without corticosterone administration; CS+ = corticosterone administration for 7 consecutive days starting on d 14; FSE− = without FSE 

supplementation; FSE+ = 100 mg/kg FSE.
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diets without FSE supplementation, but not in birds 
fed diet containing FSE (Table 5). These were indi-
cated by significant interactions (P < 0.05) between CS 
and FSE inclusion. Furthermore, FSE supplementation 
increased (P < 0.05) SOD activity at d 42 under CS 
challenge conditions, but not under unchallenged con-
ditions. Corticosterone administration caused lower (P 
< 0.05) glutathione peroxidase at d 21 and greater (P 
< 0.05) MDA at d 21 and 42. However, birds fed diets 
containing FSE had lower (P < 0.05) MDA levels at d 
21 and 42 compared with birds fed diets without FSE.

Serum Metabolites and Antibody Titers
At d 21, CS administration caused increased (P < 

0.05) serum uric acid and decreased (P < 0.05) serum 
level of antibody titers to NDV in the absence of FSE 
supplementation. However, the adverse effects were at-
tenuated (P < 0.05) by dietary FSE supplementation 
(Table 6). These were indicated by significant interac-

tions (P < 0.05) between CS and FSE inclusion. Cor-
ticosterone administration increased (P < 0.01) serum 
levels of CS, GLU, and NEFA, whereas these param-
eters were not affected by FSE supplementation.

At d 42, serum metabolites of stressed birds (includ-
ing CS, GLU, uric acid, and NEFA) were returned to 
normal levels compared with unchallenged birds. How-
ever, the level of serum antibody titers to NDV was still 
lower (P < 0.01) in birds fed diets with CS administra-
tion, which was increased (P < 0.05) in birds fed diets 
with FSE inclusion.

DISCUSSION
As expected, continuous administration of CS at 20 

mg/kg for 7 d caused increases (P < 0.01) in serum 
levels of CS, GLU, NEFA, and uric acid at d 21 and 
decreases (P < 0.05) in ADG, apparent digestibility of 
energy, and CP, and the relative weights of the major 
immunobiological organs (i.e., spleen, thymus, and bur-

Table 5. Effects of Forsythia suspensa extract (FSE) on serum redox balance of broilers challenged by corticosterone (CS)1,2 

Item

CS− CS+

SEM

P-value

FSE− FSE+ FSE− FSE+ CS FSE CS × FSE

d 21         
 Total antioxidant capacity (U/mL) 36.8a 39.0a 28.5b 36.8a 1.36 <0.01 <0.01 0.04
 Superoxide dismutase (U/mL) 134a 144a 110b 141a 3.35 <0.01 <0.01 <0.01
 Glutathione peroxidase (U/mL) 175 176 162 168 4.24 0.03 0.49 0.59
 Malondialdehyde (nmol/mL) 7.74b 7.11b 10.24a 8.63ab 0.49 <0.01 0.03 0.32
d 42         
 Total antioxidant capacity (U/mL) 28.4ab 29.4a 23.4b 27.3ab 1.30 0.01 0.07 0.29
 Superoxide dismutase (U/mL) 145bc 153ab 137c 157a 3.04 0.47 <0.01 0.05
 Glutathione peroxidase (U/mL) 179 184 170 180 5.17 0.20 0.16 0.56
 Malondialdehyde (nmol/mL) 5.64ab 5.13b 6.94a 5.47b 0.35 0.03 <0.01 0.18

a–cMeans in the same row with different superscripts differ (P < 0.05).
1Six broilers per treatment for serum redox balance data.
2CS− = without corticosterone administration; CS+ = corticosterone administration for 7 consecutive days starting on d 14; FSE− = without FSE 

supplementation; FSE+ = 100 mg/kg FSE.

Table 6. Effects of Forsythia suspensa extract (FSE) on serum metabolite and antibody titers of broilers challenged by corticosterone 
(CS)1,2 

Item

CS− CS+

SEM

P-value

FSE− FSE+ FSE− FSE+ CS FSE CS × FSE

d 21         
 Corticosterone (ng/mL) 0.92b 0.89b 13.47a 13.34a 0.25 <0.01 0.75 0.83
 Glucose (mg/dL) 254b 258b 894a 892a 3.03 <0.01 0.74 0.48
 Uric acid (mg/L) 4.84c 4.74c 9.08a 7.36b 0.37 <0.01 0.02 0.04
 Nonesterified fatty acids (nmol/mL) 268b 273b 407a 405a 20.9 <0.01 0.93 0.87
 Antibody titers to NDV3 3.97a 4.07a 2.10c 2.81b 0.13 <0.01 <0.01 0.03
d 42         
 Corticosterone (ng/mL) 0.89 0.85 0.95 0.88 0.03 0.20 0.13 0.73
 Glucose (mg/dL) 243 243 244 245 0.89 0.13 0.78 0.93
 Uric acid (mg/L) 4.62 4.67 5.23 4.91 0.23 0.07 0.54 0.42
 Nonesterified fatty acids (nmol/mL) 289 286 296 295 15.3 0.62 0.88 0.94
 Antibody titers to NDV 3.90ab 4.22a 3.04c 3.54b 0.16 <0.01 0.02 0.60

a–cMeans in the same row with different superscripts differ (P < 0.05).
1Six broilers per treatment for serum metabolite and antibody titers data.
2CS− = without corticosterone administration; CS+ = corticosterone administration for 7 consecutive days starting on d 14; FSE− = without FSE 

supplementation; FSE+ = 100 mg/kg FSE.
3NDV = Newcastle disease virus.
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sa) at d 21 and 42, which agrees with previous reports 
(Puvadolpirod and Thaxton, 2000a,b,c; Virden et al., 
2007). Physiological stress responses that occur most 
frequently in broilers following exogenous administra-
tion of steroid moieties include increased circulating CS 
levels (Puvadolpirod and Thaxton, 2000a,b), alteration 
of metabolic processes (Siegel, 1995), immunosuppres-
sion of humoral and cell-mediated immune responses 
(Siegel et al., 1983; Murray et al., 1987), and oxidative 
stress (Lin et al., 2004a,b).

Exogenous administration of CS has been shown to 
result in adaptive responses (i.e., elevated serum levels 
of CS, uric acid, and GLU) at d 4, whereas all of these 
parameters were returned to a normal range (compared 
with control birds) 1 wk after cessation of CS adminis-
tration (Puvadolpirod and Thaxton, 2000c; Lin et al., 
2004b). However, Virden et al. (2007) reported that 
continuous administration of CS at 20 mg/kg of diet 
for 7 d resulted in reduced BW and feed efficiency 2 
wk after cessation of CS administration. Similar results 
were observed by Puvadolpirod and Thaxton (2000d). 
The results of the present study also demonstrated the 
absence of compensatory growth 3 wk after cessation 
of CS administration. This may be partly explained by 
the losses in skeletal muscle induced by prolonged glu-
coneogenesis and the poor health status measured by 
increased serum MDA level and depressed immunologi-
cal organ weights.

It has been suggested that antioxidants can reduce 
the physiological response to stress in chicks (Mckee 
and Harrison, 1995; Taniguchi et al., 1999). Therefore, 
the requirements for antioxidants, such as vitamin E 
(Puthpongsiriporn et al., 2001) and polyphenols (Eid et 
al., 2003), would increase to protect chicks from oxida-
tive injury under stressful conditions.

In the present study, FSE was used as a natural 
source of antioxidants. It has been reported to contain 
antioxidant components, called phenylethanoid glyco-
sides (such as forsythoside A and forsythoside B) and 
lignans (such as phillyrin, forsythialan A, forsythialan 
B, phillygenin, and 8-hydroxypinoresinol; Piao et al., 
2008; Qu et al., 2008). Therefore, FSE possess a free-
radical scavenging effect determined by reduced 1,1-di-
phenyl-2-picryl-hydrazyl activity (Wang et al., 2008). 
Studies have demonstrated that FSE alleviated the 
growth inhibition induced by various physical stresses 
by reducing oxidative stress, promoting intestinal colo-
nization, and increasing nutrient digestibility (Wang et 
al., 2008; Lu et al., 2010; Zhang et al., 2013). This 
experiment showed interactions (P < 0.05) between CS 
and FSE inclusion in ADG and FCR during the finisher 
phase and the overall experiment. This implies that di-
etary supplementation of FSE improved performance 
in a more robust way under stressful conditions rather 
than under unchallenged conditions.

The present study demonstrated that dietary supple-
mentation of FSE improved performance (ADG and 
FCR) of birds under CS administration stress, possibly 
due to improvement of nutrient digestibility (DM, CP, 

and energy) and enhancement of health status, which 
is in line with the results of Wang et al. (2008). Corti-
costerone administration decreased the digestibility of 
DM, CP, and energy in broiler chickens, which may be 
caused by an alteration in small intestinal morphology 
and inhibition of intestinal nutrient transporter mRNA 
of broilers (Hu and Guo, 2008; Hu et al., 2010). Simi-
lar results were observed by Puvadolpirod and Thax-
ton (2000d). Han et al. (2012) reported that dietary 
FSE supplementation improved villus height and villus 
height-to-crypt depth ratios in both the duodenum and 
ileum in weaned pigs. This indicates that FSE supple-
mentation may fix the impaired intestinal function and 
thereby improve nutrient digestibility.

In the present study, CS administration caused de-
creases (P < 0.01) in the relative weights of thymus, 
spleen, and bursa at d 21 and 42, which is in line with 
the results of Puvadolpirod and Thaxton (2000a) and 
Post et al. (2003), who reported that exogenous admin-
istration of CS reduced the relative weights of spleen, 
thymus, and bursa in broilers. Zhang et al. (2013) re-
ported dietary FSE supplementation alleviated bursa 
atrophy of broilers induced by high stocking density, 
which is consistent with our result that FSE supple-
mentation increased (P < 0.05) the relative weights of 
thymus and bursa at d 42.

In accordance with the results of Lin et al. (2004a,b), 
the significantly increased serum MDA in broiler chick-
ens with CS administration indicates an increased lipid 
peroxidation and oxidative stress induced by chronic 
CS treatment, which may cause intestinal impairment 
and immune response depression (Zhao and Shen, 2005; 
Costantini and Møller, 2009). This result is in line with 
findings in chicks with physiological stress (Lin et al., 
2000; Altan et al., 2003; Zhang et al., 2013). The oxida-
tive injury induced by CS administration is supported 
further by significantly decreased TAOC and SOD ac-
tivity, which was alleviated by FSE supplementation. It 
is interesting to find interactions between CS and FSE 
inclusion for TAOC and SOD activity at d 21, which 
indicates that FSE exerts more robust protective ef-
fects under stressful conditions (unbalance redox) than 
under unchallenged conditions.

It is well documented that physiological stress in-
duced by exogenous CS administration activates the 
HPA axis and induces proteolysis and gluconeogenesis, 
as well as increasing the flux of fatty acids (Puvadol-
pirod and Thaxton, 2000a; Lin et al., 2006; Yuan et al., 
2008). As the final effector of the HPA axis, CS evokes 
a series of physiological responses related to metabolic 
processes (Siegel, 1995), which are indicated by the 
blood level of GLU, uric acid, and NEFA. In the pres-
ent study, CS administration caused an elevation (P 
< 0.01) of serum GLU, uric acid, and NEFA during 
the stress period (d 21), which returned to the normal 
range during the poststress period (d 42). It has been 
reported that high levels of GLU or NEFA may cause 
increased production of free radicals and induce oxida-
tive stress, which play an important role in dysfunc-
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tion and apoptosis of cells (Ceriello et al., 1996; Piro et 
al., 2002). In the present study, although FSE supple-
mentation failed to fully attenuate the alternation of 
the metabolic process induced by CS administration, 
the detrimental effects may be partly attenuated by 
reduced oxidative stress, as FSE has demonstrated high 
antioxidative capacity. The elevated uric acid induced 
by CS administration indicated accelerated proteolysis 
(Dong et al., 2007), which has an important role as an 
oxidative stress marker and could extinguish reactive 
oxygen species in poultry as a powerful antioxidant (Si-
moyi et al., 2002; Glantzounis et al., 2005).

In the present study, FSE supplementation decreased 
(P < 0.05) the high level of serum uric acid induced by 
CS administration. This may be partly explained by re-
duced oxidative stress in broiler chickens fed diets with 
FSE inclusion, as FSE supplementation increased the 
serum TAOC and subsequently reduced the require-
ment for uric acid in its role as antioxidant under con-
ditions of unbalanced redox. This speculation is sup-
ported by the review of Glantzounis et al. (2005), which 
suggested that a lower serum level of uric acid exerts 
protective effects in situations associated with oxidative 
stress (i.e., ischemia-reperfusion injury, cardiovascular 
disease).

In the present study, the level of serum antibody ti-
ters to NDV was depressed by CS administration dur-
ing the stress period (d 21) and poststress period (d 
42). This result is consistent with the decreased (P < 
0.01) relative bursa and thymus weight in broiler chick-
ens following CS administration. Post et al. (2003) also 
reported a depressed immune response for broilers un-
der stressful conditions. However, FSE supplementation 
improved the level of serum antibody titers to NDV in 
broiler chickens with CS administration. This result is 
in line with Niu et al. (2009), who reported that anti-
body responses of broilers could be improved by dietary 
antioxidant (vitamin E) supplementation under stress.

In conclusion, FSE alleviated CS-induced growth in-
hibition, impairment of nutrient digestibility, oxidative 
stress, and immune depression, and exerted more ro-
bust positive effects under stressful conditions rather 
than unchallenged conditions in broiler chickens. How-
ever, the metabolic changes (serum GLU and NFEA) 
induced by CS administration were not affected by FSE 
supplementation. Additional studies are in progress to 
investigate whether FSE interferes with protein and 
lipid metabolism changes during the recovery period (1 
wk after challenge) of CS induced stress.
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