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ABSTRACT Less evidence is available currently to
reveal whether the immune system and productivity of
laying hens change under long periods of ammonia
exposure in hot climate. The present study was con-
ducted to determine the effects of chronic exposure to
high temperature and ammonia concentrations on
health, immune response, and reproductive hormones of
commercial laying hens. A total of five hundred and
seventy six 20-week-old laying hens (Hy-Line Brown)
were used in this study. Birds were housed in cages (4
birds per cage) and received 16-wk treatments in 6
artificial environmental chambers. Hens were allocated
to 6 treatments: treatment 1 (T1, 20�C, �5 ppm, con-
trol group), treatment 2 (T2, 20�C, 20 ppm), treatment
3 (T3, 20�C, 45 ppm), treatment 4 (T4, 35�C, �5 ppm),
treatment 5 (T5, 35�C, 20 ppm), and treatment 6 (T6,
35�C, 45 ppm). Blood samples were collected at 22, 26,
30, 34, and 38 wk of age and plasma IgG, IgM, IgA,
corticosterone (CORT), total antioxidant capacity
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(T-AOC), luteinizing hormone (LH), estradiol (E2),
and follicular stimulating hormone (FSH) were
measured. The results of this study showed that high
ambient temperature and excessive ammonia increased
the concentration of IgG but decreased the concentra-
tion of IgA, T-AOC, LH, FSH, and E2 of hens
compared with those of the control birds. From the age
of 34 wk, significantly increased concentrations of IgG
were observed in hens exposed to moderate and high
levels of ammonia. CORT level showed marked differ-
ences between the treatments only at the age of 26 wk.
In addition, LH and E2 of hens demonstrated signifi-
cant differences among the treatments in the middle
and later stages of the experiment, while FSH levels of
the control birds were significantly higher than the
others at the age of 38 wk. Excessive ammonia in high
temperature was a physiological stress factor that had a
negative effect, which inhibited immune function and
impacted the reproductive hormones.
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INTRODUCTION

Aerial ammonia is recognized as one of the most
noxious odors in poultry operations, and its negative
effect on the environment has been documented by
numerous studies (Koerkamp and Bleijenberg, 1998;
Koerkamp et al., 1998; Wheeler et al., 2000). Poultry
production industry, as the largest contributor to
ammonia emissions of all animal husbandry operations,
has undergone considerable surveillance from public
and regulatory agencies due to their environmental
impacts (Hale et al., 2010; Lin et al., 2017). Meanwhile,
poultry companies have to be concerned not only for
worker health, but also for poultry health because
elevated concentrations of atmospheric ammonia have
an adverse impact on bird physiology and productivity
(Carlile, 1984; Ritz et al., 2006; Almuhanna, 2011;
Almuhanna et al., 2011; Kearney et al., 2014; Nemer
et al., 2015). Ammonia is known as an irritant alkaline
air contaminant, with occupational limits set at 50 ppm
(OSHA, 2012) for the 8-h permissible exposure limit or
25 ppm (NIOSH, 2016), and a level of 300 ppm is
considered to be immediately dangerous to human life
and health (Wheeler et al., 2000).
Exposure of poultry to ammonia has led to significant

impacts on health and growth performance. Excessive
ammonia has been a physiological stress factor that
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Figure 1. Schematic diagram of cages arrangement in each experi-
mental chamber.
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reduced feed intake and stunt growth (Charles and
Payne, 1966; Deaton et al., 1984; Beker et al., 2004;
Miles et al., 2004, 2006; Wei et al., 2014), decreased
egg production significantly with 7-wk exposure to
ammonia at an ammonia concentration of 102 ppm
(Charles and Payne, 1966), and adversely affected egg
quality (Cotterill and Nordskog, 1954). Moreover, it
damaged the respiratory tract and lung atrial wall
(Nagaraja et al., 1983; Kristensen and Wathes, 2000),
and increased the incidence of diseases and secondary
infections such as Newcastle disease, airsacculitis, and
the prevalence of Mycoplasma gallisepticum (Anderson
et al.,1964; Sato et al., 1973; Oyetunde et al., 1978).
Controversial results indicated that excessive ammonia
exposure lowered the immunological response of birds,
which depended on bird age as well as ammonia level
and duration. For broiler chickens, the
hemagglutination inhibition antibody titer of
Newcastle disease virus was significantly lower when
exposed to 26 and 52 ppm ammonia compared to the
0 ppm treatment group for 21 D (Wang et al., 2010).
On the contrary, average body weights, air sac scores,
lung weights, relative bursa of Fabricius weights, and
carcass grades were not significantly different among
the birds exposed to ammonia concentration at 0, 25,
or 50 ppm for 49 D (Caveny et al., 1981).
Previous studies have reported that the ammonia level

inside poultry houses was affected by multiple factors,
such as housing system, ventilation, manure manage-
ment, bird density (Tasistro et al., 2007; David et al.,
2015; Zhao et al., 2015), and components of the aerial
environment including temperature, humidity, dust,
and pathogens. All these may interact with ammonia
(Koon et al., 1963; Dennis and Gee, 1973; Feddes
et al., 1985; Kristensen and Wathes, 2000). Wathes
et al. (1997) reported that the mean ammonia concentra-
tion of cage houses was as high as 24.2 ppm in summer.
Miles et al. (2011) found that the maximum ammonia
level was up to 7 times greater at 40.6�C vs. 18.3�C. A
study carried out in floor systems revealed that most
houses exceeded concentrations of 25 ppm ammonia,
and in some areas went up to 80 ppm (David et al.,
2015). All these studies indicated that high temperature
was an important factor resulting in excessive ammonia.
Additionally, both acute and chronic heat stress
(�35�C) have been documented to have an adverse in-
fluence on egg production and feed intake of laying
hens (Deaton et al., 1981; Mahmoud et al., 1996;
Mashaly et al., 2004). In terms of physiological health,
previous studies have shown that heat stress impaired
the activity of antioxidant enzymes and the redox
system of the bird (Altan et al., 2003; Lin et al., 2008).
Heat stress also resulted in the disruption of hormones
responsible for ovulation and a decrease in
responsiveness of granulosa cells to luteinizing hormone
(LH) (Donoghue et al., 1989; Novero et al., 1991).
Various parameters have been used to evaluate the

health and immune response in birds. Immunoglobulins
G, M, and A are the 3 major classical Ig secreted by im-
mune B-cells for the host against non-self antigens
(Mestecky et al., 1999; Suzuki et al., 2007; Gomes
et al., 2014). Total antioxidant capacity (T-AOC) was
considered as an important indicator of animal health
(Aslan et al., 2005; Gao et al., 2013; Zeng et al., 2014).

Laying hens live longer than broilers in poultry houses
and may develop different disorders when suffering from
extended periods of ammonia exposure (Beker et al.,
2004). Although there are a multitude of researches on
the adverse effects of ammonia on the health and perfor-
mance of poultry, currently less evidence is available to
reveal whether the immune system and productivity of
laying hens change under long periods of ammonia expo-
sure in hot climate. Therefore, this study was carried out
to evaluate the effects of heat stress and ammonia on
blood parameters and the interaction between them.
MATERIALS AND METHODS

Experimental Chambers

Six artificial environmental chambers (each 24.8 m2,
4.5! 5.5 m) in the College of Animal Science and Tech-
nology (Hebei Agricultural University, China) were used
for the experiment. Cages (50 ! 40 ! 40 cm,
L ! W ! H) were divided into 3 groups (8 cages per
group) and were set evenly in the chamber for hen rear-
ing (Figure 1). The chambers were computer pro-
grammed to keep the environmental conditions as
required. Sensors installed in these chambers were used
to monitor temperature, humidity, ammonia, and car-
bon dioxide concentration every 10 s, which were then
displayed on the computer screen for observation.

The supply system of ammonia gas has been studied in
detail earlier (Kristensen et al., 2000) in order to main-
tain the desired ammonia concentrations. Compressed
anhydrous ammonia was stored in a cylinder and its
flow rate was adjusted by a flow meter. This design
enabled each chamber to be filled with gaseous ammonia
independently of the others.

Light emitting diode lamps were fixed on the ceiling of
the chamber and could be adjusted to provide the
required light intensity. Temperature was adjusted
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automatically by an air conditioner, and air inlet and
outlet were trepanned for mechanical ventilation. Feeder
and drinker were provided in each chamber and video
cameras were fitted.
Bird Management and Experimental Design

A total of 576 Hy-Line Brown hens acquired from a
commercial farm were used for this study. The study
proposal was approved by the Laboratory Animal
Ethical Committee of China Agricultural University.
Birds were acclimatized for 2 wk in the chambers at
the age of 20 wk before treatment. There were a total
of 6 treatments of 3 ammonia concentration exposures
(�5, 20, and 45 ppm) under 2 temperatures (20 6 2�C,
35 6 2�C) as shown in Table 1. T1 was the control
group. Birds were randomly assigned to 6 groups and
were transferred to the cages (4 birds per cage). Each
treatment had 3 replications with 32 birds per replicate.

All birds were provided with a corn-soybean basal
diet; feed and water were provided ad libitum. Ambient
relative humidity was maintained at 40 to 60% and car-
bon dioxide level was kept below 1,000 ppm during the
experimental period.

The duration of light exposure during the growing
period from 20 wk of age was 13.5 h (4:00–17:30) per
day for hens in the first week and then stepped up grad-
ually per week until it reached 16 h (4:00–20:00) at 31 wk
of age. From then on, permanent illumination of 16 h
was employed from 32 to 38 wk of age. Besides, light in-
tensity of 30 lx was equalized at bird head level following
the Hy-Line Brown Layers Guide Manual (Hy-Line In-
ternational; http://www.hyline.com).
Sample Preparation and Collection

For each sampling, 4 birds were randomly selected
from each replicate and marked with tags for the
following operation. Wing venipuncture was performed
for blood collection after fasting for 12 h starting at
week 22, 26, 30, 34, and 38. Plasma was prepared after
centrifugation and stored at 220�C.
Measured Contents and Methods

The concentrations of plasma Ig (IgG, IgA, and IgM),
corticosterone (CORT), T-AOC, and reproductive hor-
mones (LH, estradiol [E2], and follicular stimulating hor-
mone [FSH]) were detected using commercially available
ELISA kits (Jianglai Biological Technology Co. Ltd.,
Shanghai, China).
Table 1. Experiment treatments.

Treatments2

Items1 T1 T2 T3 T4 T5 T6
T (�C) 20 20 20 35 35 35
AC (ppm) �5 20 45 �5 20 45

1T, temperature; AC, ammonia concentration.
2T1–T6 5 treatment 1 to treatment 6.
Statistical Analysis

All statistical analyses were performed using linear
mixed models parameterized with SPSS (IBM SPSS Sta-
tistics 25.0; IBM Corporation, Armonk, NY, USA). The
data were analyzed with fixed effects of temperature,
ammonia concentration, week of age, and the random ef-
fect of replicate. The model equation was as follows:

Yijku 5 m1Ti1ACj1WOAk1Ru1T!ACij1T

! WOAik 1 AC! WOAjk 1 εijku;

where AC 5 ammonia concentration; Yijku 5 parameters
investigated; m 5 model constant; Ti 5 effect of tempera-
ture (i 5 1–2); ACj 5 effect of ammonia concentration
(j 5 1–3); WOAk 5 effect of age (k 5 1–5); Ru 5 effect
of replicate (u 5 1–3); T ! ACij 5 effect of interaction be-
tween temperature and ammonia concentration;
T ! WOAik 5 effect of interaction between temperature
and week of age; AC ! WOAjk 5 effect of interaction be-
tween ammonia concentration and week of age; and
εijk 5 the residual error term.
Effects in the statistical model were tested simulta-

neously and they were removed from the original
model when they were not significant. When the effect
was statistically different (P , 0.05), further analysis
was needed. Duncan’s multiple range (least significant
difference) test was applied for post-hoc group
comparisons.
RESULTS

Statistical analysis showed that for all the blood pa-
rameters, the effect of replicate was not significant and
it was excluded from the original model.
Plasma Ig Concentrations

As shown inTable 2, temperature, ammonia concentra-
tion, and bird age had significant effects on IgG and IgA
(P , 0.05). However, IgM was not affected by tempera-
ture, ammonia concentration, and bird age (P . 0.05).
The concentration of IgG was increased with increasing
temperature. However, the concentration of IgA was
decreased under 35�C treatment. Compared with the
treatment of low ammonia concentration (�5 ppm), the
level of IgG was significantly increased under ammonia
concentrations of 20 and 45ppm (P, 0.05), while the con-
centrations of IgAwere significantly decreased (P, 0.05).
Furthermore, IgG increased steadily with age (P, 0.05).
Less change was observed in the plasma concentration

of IgG and no significant difference was found among the
6 treatments from 22 to 30 wk of age (Figure 2). A signif-
icant increase of IgG occurred in all treatments at 34 wk
of age (P, 0.05), and this kept increasing until 38 wk of
age. Exposure to high temperature and ammonia
resulted in a significant elevation in IgG (P , 0.05).
At 34 wk of age, plasma IgG concentrations of hens in
T6, T5, and T3 were significantly higher than those of
T1 (P , 0.05), and the differences increased at 38 wk
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Table 2. Plasma Ig concentrations of laying hens at 22, 26, 30, 34,
and 38 WOA exposed to different ammonia concentrations under
20�C and 35�C.

Item1 IgG (mg/mL) IgM (mg/mL) IgA (mg/mL)

T (�C)
20 1,467.53 6 25.32a 465.74 6 4.91 217.18 6 2.64a

35 1,522.54 6 27.14b 476.44 6 5.00 202.31 6 3.27b

AC (ppm)
�5 1,350.32 6 20.48c 469.71 6 5.31 224.09 6 3.52a

20 1,512.02 6 29.85b 468.58 6 5.64 201.68 6 3.29b

45 1,622.76 6 38.75a 474.97 6 7.17 203.47 6 3.94b

WOA
22 1,274.80 6 23.54c 483.02 6 7.98 216.74 6 3.90a

26 1,308.15 6 23.99c 481.26 6 7.53 211.66 6 4.50a,b

30 1,342.49 6 23.80c 469.55 6 8.44 198.53 6 4.00b

34 1,674.38 6 30.10b 465.32 6 7.24 204.68 6 5.47a,b

38 1,875.34 6 46.28a 456.29 6 7.78 217.13 6 5.50a

P-value2

T ,0.05 NS ,0.05
AC ,0.05 NS ,0.05
WOA ,0.05 NS ,0.05
T ! AC NS ,0.05 ,0.05
T ! WOA NS NS ,0.05
AC ! WOA ,0.05 ,0.05 ,0.05

a–cMeans within main effects without a common letter differ (P, 0.05).
1T, temperature; AC, ammonia concentration; WOA, week of age.
2NS, no significance.
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of age (P, 0.05). IgM and IgA levels of birds varied from
22 to 38 wk of age. Compared to other treatments, the
IgA level in T6 was significantly lower at week 38
(P , 0.05).
Figure 2. (A) Plasma IgG, (B) IgM, and (C) IgA concentrations of
laying hens exposed to different temperatures and ammonia concen-
trations at 22, 26, 30, 34, and 38 wk of age. Data represent
mean 6 SE. a–dValues marked with different letters are significantly
different (P , 0.05).
Plasma CORT and T-AOC Levels

Table 3 shows that CORT level was affected by tem-
perature and week of age (P , 0.05) significantly and a
2-way interaction was found between them. All factors
significantly affected the levels of T-AOC (P , 0.05).
Levels of CORT andT-AOCwere significantly decreased
with increased temperature (P, 0.05). Furthermore, the
concentrations of T-AOC were significantly decreased
with increased ammonia concentrations (P , 0.05).
T-AOC increased with age and significant differences
were found (P , 0.05). Levels of CORT peaked
(73.06 ng/mL) at 26 wk of age (P , 0.05), compared to
that at 22 wk of age (63.37 ng/mL), and decreased
(62.51 ng/mL) until 38 wk of age.
Blood CORT and T-AOC concentrations of the laying

hens exposed to different ammonia concentrations and
temperatures are shown in Figure 3. An increase in
CORT was observed after 4 wk of treatment at the age
of 26 wk. Then, CORT levels decreased at 30 wk of age
and this was maintained until the end of the experiment
at 38 wk. Significant differences among the treatments
were found only at 26 wk of age (P, 0.05). Birds exposed
to high ammonia concentrations had significantly higher
CORT levels than birds in T1 (P , 0.05). Less change
was observed in plasma T-AOC at 22 and 26 wk of age.
Then, plasma T-AOC of T1 increased and was signifi-
cantly higher compared to the other groups at 30 wk of
age. At the age of 34 wk, the T-AOC levels of birds in
all treatments increased significantly and at 38 wk they
reached their maximum. From 30 wk of age, the plasma
T-AOC level of birds in T1 was significantly higher
(P , 0.05) compared to the high temperature and
ammonia treatments and the difference increased signif-
icantly with age.



Table 3. Plasma CORT and T-AOC levels of laying hens at 22, 26,
30, 34, and 38WOA exposed to different ammonia concentrations
under 20�C and 35�C.

Item1 CORT (ng/mL) T-AOC (U/mL)

T (�C)
20 68.09 6 1.03a 9.11 6 0.32a

35 66.56 6 0.86b 8.15 6 0.27b

AC (ppm)
�5 65.90 6 0.94 9.94 6 0.47a

20 65.14 6 1.05 8.53 6 0.33b

45 68.66 6 1.45 7.41 6 0.22c

WOA
22 63.37 6 1.36b 5.87 6 0.12c

26 73.06 6 1.56a 6.04 6 0.13c

30 69.84 6 1.31a 6.58 6 0.19c

34 64.05 6 1.59b 11.17 6 0.32b

38 62.51 6 1.34b 13.67 6 0.49a

P-value2

T ,0.05 ,0.05
AC NS ,0.05
WOA ,0.05 ,0.05
T ! AC NS ,0.05
T ! WOA NS ,0.05
AC ! WOA ,0.05 ,0.05

a–cMeans within main effects without a common letter differ (P, 0.05).
Abbreviations: CORT, corticosterone; T-AOC, total antioxidant

capacity.
1T, temperature; AC, ammonia concentration; WOA, week of age.
2NS, no significance.

Figure 3. (A) Plasma corticosterone (CORT) and (B) total antioxi-
dant capacity (T-AOC) levels of laying hens exposed to different tem-
peratures and ammonia concentrations at 22, 26, 30, 34, and 38 wk of
age. Data represent mean6 SE. a–eValues marked with different letters
are significantly different (P , 0.05).
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Plasma LH, E2, and FSH

As presented in Table 4, temperature, ammonia con-
centration, and age significantly affected the levels of
LH and E2 (P , 0.05). Temperature and ammonia con-
centration had a significant influence on FSH. Moreover,
LH, E2, and FSH levels were significantly decreased with
higher temperature (P , 0.05). High ammonia concen-
trations of 45 ppm significantly decreased the levels of
these 3 hormones compared to those at low ammonia
concentration (�5 ppm) (P , 0.05).

The change of plasma LH, FSH, and E2 concentra-
tions in different treatments with age of birds is shown
in Figure 4: A (LH), B (FSH), and C (E2). Significant
differences of LH levels between T1 and T6 were
observed at 30, 34, and 38 wk of age (P , 0.05).
Hens treated with high temperature and ammonia con-
centration presented decreased LH levels. Plasma FSH
of birds in T2 to T6 remained constant from 22 to
38 wk of age. In contrast, the FSH levels of birds in
the control group increased with age. As a result, birds
in the control group had a significantly higher level of
FSH than birds subjected to high temperature and
ammonia treatments at the age of 38 wk (P , 0.05).
E2 levels showed a similar trend to LH. At each sam-
pling week, T1 had the highest level of E2 in all treat-
ments while T6 had the lowest level of E2.
DISCUSSION

The effect of temperature and ammonia on immune
parameters and reproductive-related hormones of laying
hens was investigated in this study. The results showed
that the blood parameters of laying hens were affected
by high temperature, ammonia concentration, and age,
and there was an interaction between them.
Heat stress and ammonia exposure caused a signifi-

cant increase in plasma levels of IgG at the age of 34
and 38 wk of laying hens. Previous studies have indi-
cated that stressors, such as heat and ammonia, are
able to elevate IgG levels (Nasrin et al., 2013; Honda
et al., 2015; Wu et al., 2017), consistent with the
results of this study. On the other hand, increased
levels of IgM were observed at the age of 22 wk and it
decreased from 26 wk in high temperature and
ammonia treatments in this study. Honda et al. (2015)
reported that birds exposed to 19-D heat stress of 38�C
had higher plasma IgM levels. Meanwhile, Wu et al.
(2017) indicated that plasma IgM level reduced after
45 wk of 30-ppm ammonia pollution. The early increase
of IgM at the beginning of egg laying may have been
caused by high temperature and late reduction was
due to ammonia exposure. As the experiment went on,



Table 4. Plasma LH, FSH, and E2 levels of laying hens at 22, 26,
30, 34, and 38WOA exposed to different ammonia concentrations
under 20�C and 35�C.

Item1 LH (pg/mL) FSH (mIU/mL) E2 (pg/mL)

T (�C)
20 53.89 6 0.69a 8.34 6 0.16a 94.64 6 1.49a

35 45.48 6 0.80b 7.68 6 0.14b 81.95 6 1.30b

AC (ppm)
�5 51.99 6 1.02a 8.55 6 0.20a 99.32 6 0.78a

20 49.88 6 0.90a,b 7.87 6 0.17b 86.64 6 1.50b

45 47.19 6 1.02b 7.61 6 0.17b 78.92 6 1.60c

WOA
22 49.37 6 0.95b 7.80 6 0.23 84.09 6 1.74c

26 55.49 6 0.96a 8.15 6 0.22 85.08 6 1.89b,c

30 49.62 6 1.37b 7.63 6 0.22 91.38 6 2.29a,b

34 48.38 6 1.37b,c 8.17 6 0.23 93.53 6 2.64a

38 45.58 6 1.40c 8.31 6 0.27 87.39 6 2.76a,b,c

P-value2

T ,0.05 ,0.05 ,0.05
AC ,0.05 ,0.05 ,0.05
WOA ,0.05 NS ,0.05
T ! AC ,0.05 ,0.05 NS
T ! WOA ,0.05 NS ,0.05
AC ! WOA ,0.05 NS NS

a–cMeans within main effects without a common letter differ (P, 0.05).
Abbreviations: E2, estradiol; FSH, follicular stimulating hormone; LH,

luteinizing hormone.
1T, temperature; AC, ammonia concentration; WOA, week of age.
2NS, no significance.

Figure 4. (A) Plasma luteinizing hormone (LH), (B) follicular stim-
ulating hormone (FSH), and (C) estradiol (E2) levels of laying hens
exposed to different temperatures and ammonia concentrations at 22,
26, 30, 34, and 38 wk of age. Data represent mean 6 SE. a–dValues
marked with different letters are significantly different (P , 0.05).
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ammonia concentration had a greater effect on IgM than
that of high temperature at peak egg production. The
decrease of IgA caused by ammonia and heat stress
may be explained by the result reported by Nasrin
et al. (2013), who showed that heat stress and Newcastle
disease virus resulted in increased IgA concentrations in
the trachea, cecal tonsils, and Harderian gland. In other
words, the concentration of IgA in stressed birds
increased in lymphoid organs, where immune system
activation occurs, but not in the peripheral blood. There-
fore, the different changes of Ig (IgG, IgM, and IgA) may
be determined by the type of stress and its intensity and
duration. In addition, different types of stress had
different effects on different periods of egg laying. Over-
all, the present study showed that heat and ammonia
stress in the early laying period of laying hens impacts
the immune system and activity for a long period of time.
Corticosterone is a common hormone that is released

in many stress situations by the hypothalamus–pitui-
tary–adrenal axis. It is a glucocorticoid that has been re-
ported to dysregulate immune responses and is
potentially harmful to the health of animals if it remains
at a high level for a long period of time (Post et al., 2003).
Shini et al. (2009) demonstrated that oral CORT treat-
ment affected the physiology of hens, reduced perfor-
mance, and may model the effects of production
stressors. Negative correlation between plasma CORT
levels and immune response under heat stress has been
reported in birds (Elenkov et al., 2000; Quinteiro-Filho
et al., 2010; Calefi et al., 2014). In our study, high
temperature and ammonia exposure significantly
increased the plasma level of CORT after 4-wk treat-
ment, which indicated that both were stressors during
the growth of laying hens. However, there were no
statistically significant changes of measured CORT level
in laying hens from 30 wk of age, which suggested that
hens may have the capability to adapt to moderate
and high levels of chronic ammonia stimulation and
heat stress after a certain period of time. Therefore,
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CORT was not considered to be a stress indicator during
prolonged exposure of high temperatures and ammonia
from the age of 30 wk until the end of the experiment.
The SEMs of CORT were relatively large, which may
indicate that CORT varied widely among individuals.
Oxidative stress was part of the stress response of birds
to heat exposure and other stressors (Dr€oge et al.,
2002; Lin et al., 2006). Devi et al. (2000) and Thomas
et al. (2000) reported that increased activities of antiox-
idant enzymes were considered to be a protective
response against oxidative stress. In the present study,
the T-AOC of layer hens in the control group was signif-
icantly higher than that of other treatments at 30 wk of
age. It indicated that stress suppressed the T-AOC
release of birds under chronic treatment. This result is
in agreement with a research in ducks which mainly
involved acute stress of 28 D and a lower concentration
of T-AOC was found under 34�C treatment compared
to the control group of 23�C (Ma et al., 2014). Earlier
and current studies indicate that the antioxidant sys-
tems in the plasma of ammonia and heat-stressed birds
are compromised as compared with those of the control
birds.

Lin et al. (2004a,b) reported that broilers fed with a
diet supplemented with 30 mg CORT/kg showed an
increased nonenzymatic antioxidant such as T-AOC
during a 14-D treatment, revealing that CORT can be
an inducer of oxidative stress. According to previous
and ongoing studies, ammonia and heat stress may
cause oxidative stress in hens. Meanwhile, the possible
influence of CORT should not be excluded in the
induction of oxidative stress by chronic heat and
ammonia exposure.

Levels of LH and hypothalamic gonadotropin-
releasing hormone-I were negatively influenced by heat
stress of 35�C (Donoghue et al., 1989; Novero et al.,
1991), and additionally, a reduction of progesterone
was found (Novero, et al., 1991). In this study, except
the control group, the LH levels of all other treatments
showed a declining trend from 26 wk of age, which sug-
gested that chronic exposure to high temperature and
ammonia may affect the LH level by influencing the
function of hypophysis. Here, FSH increased steadily in
the control birds to 11.30 mIU/mL, which was signifi-
cantly higher compared to birds with other treatments
where FSH was maintained around 7 to 8 mIU/mL.
This suggested that there was no significant effect of
heat stress and ammonia on hypophysis function of
secreting FSH at the early and middle stages of treat-
ments from 22 to 34 wk of age, which agreed with the
studies of Rozenboim et al. (2007) in laying hens treated
at temperatures of 42 (63)�C for 15 D. However, at
38 wk of age, the control birds had a markedly higher
(29.7–34.7%) FSH level than the birds in other treat-
ments, which may be explained by the inhibitory effect
of ammonia and temperature on the secretion of FSH
that only emerged over a long period of accumulation.
Rozenboim et al. (2007) also reported a decrease of E2
in heat-stressed hens with a 42�C treatment of 15 D
and a small increase that was observed in the control
group. Under long-term treatment of heat stress and
ammonia, the plasma level of E2 in T6 was significantly
lower than the control group, which may have been
caused by depressing ovarian functions due to the
decreased secretion of LH and FSH (Youngren et al.,
1991; You et al., 1995; Rozenboim et al., 2007).
Another possible mechanism for the reduction of
ovarian function might be that heat stress can cause a
reduction in blood flow to the ovary of cattle
(Wolfenson et al., 1981, 1997), which may be another
explanation for the result of our study. All these
results of the 3 reproductive hormones may have an
influence on ovarian function, and then may result in a
decrease in reproductive performance or reproductive
failure.
This study indicated that heat stress and high concen-

tration of ammonia were negative factors for the immune
system and increased the incidence of diseases. Based on
the changes of IgG, ammonia concentration and temper-
ature should be more strictly controlled during peak egg
production. In addition, according to the indication of
Ig, a normal temperature at the beginning of the laying
process should be maintained, while ammonia concen-
tration should be focused on during peak egg production.
The difference of CORT concentration in 6 treatments
indicated that high temperature and ammonia concen-
tration would increase the stress of laying hens, which
is not conducive to the health of laying hens. Only in
the middle and late stages of this experiment, the blood
T-AOC concentrations of laying hens showed significant
differences, which indicated that under heat stress, the
hen’s antioxidant capacity decreased significantly with
ammonia concentration increasing after long periods of
treatment. The reproductive hormone data presented
in this study suggested that potential reproductive fail-
ure associated with high environmental temperature
and ammonia concentration might be caused directly
by depressing ovarian functions or decreasing the related
hormones secreted by hypophysis.
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