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The protective effects of resveratrol on antioxidant function and
the mRNA expression of inflammatory cytokines in the ovaries of
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ABSTRACT To investigate the etiopathogenesis of
fatty liver hemorrhagic syndrome (FLHS) and the pro-
tective effects of resveratrol (RSV) against FLHS in
laying hens, 144 healthy 90-day-old laying hens were
randomly divided into 4 groups including control (Con)
group, high-energy low-protein (HELP) group, RSV
group, andHELP1RSV group, each of which contained
36 hens with 3 replicates. Birds in the 4 groups were
fed a basal diet, HELPdiet, basal diet supplementedwith
400 mg/kg RSV, and HELP diet supplemented
with 400 mg/kg RSV. The histopathology of the
ovary lesions on day 120, egg production, antioxidative
function, and mRNA expression levels of inflammatory
cytokines on days 40, 80, and 120 were determined. The
lipid accumulation andhemorrhagingweremore severe in
the HELP group than those in the HELP1 RSV group.
The laying rate was markedly decreased in the HELP
group compared with that in the Con and HELP 1
RSV groups. Furthermore, the malondialdehyde
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concentration was significantly increased (P , 0.05),
while the levels of superoxide dismutase (SOD), catalase,
and glutathione were significantly decreased (P , 0.05)
in the HELP group compared with those in the Con and
HELP 1 RSV groups. The mRNA levels of antioxidant
genes (Nrf2, SOD-1, and HO-1) were markedly increased
(P , 0.05) in the HELP 1 RSV group compared with
those in theHELPgroup. In addition, themRNA levels of
inflammation-related genes (nuclear factor kappa B,
tumor necrosis factor-a, IL-1b, and IL-6) were signifi-
cantly increased (P, 0.05) in theHELP group compared
with those in the Con and HELP 1 RSV groups.
Collectively, these results indicate that oxidative
stress and inflammation are involved in the occurrence
and development of FLHS in the ovaries of laying
hens, but RSV effectively attenuates oxidative stress
and inflammation in hens with FLHS. Hence, RSV can
be used as an effective feed additive to protect against
FLHS.
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INTRODUCTION

Fatty liver hemorrhagic syndrome (FLHS) is a meta-
bolic disease mostly observed in female laying hens and
can be induced by genetic, environmental epigenetic, and
nutritional factors (Butler, 1976; Choi et al., 2012; Trott
et al., 2014). Lipid metabolism disorders and oxidative
stress are possible mechanisms associated with fatty liver
disease (Spurlock and Savage, 1993; Trott et al., 2014).
Numerous studies have shown that FLHS is a
multisystem disease syndrome that can result in
hemorrhage and lipid accumulation in the livers, ovaries,
kidneys, and intestines (Yeh et al., 2009; Trott et al.,
2014). In addition, the typical characteristics of FLHS
are a sudden drop in egg production and a shortened egg
production peak, which cause a devastating economic
toll on the poultry industry (Walzem et al., 1993). Ovaries
are important organs promoting ovulation and egg pro-
duction, and their dysfunction can lead to a significant
reduction in egg number and quality in hens (Liu et al.,
2014). Moreover, previous studies reported that FLHS
also induces follicular atresia, partial regression of the
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Table 1. Composition and nutrients levels of diets (air-dry
basis)%.

Composition of diet % Basic diet High-energy low-protein diet

Corn 64.00 70.00
Wheat bran 2.00 1.20
Soybean meal 24.00 14.58
Fat-soybean oil 0 4.22
Calcium 8.00 8.00
Premix1 2.00 2.00
Total 100.00 100.00
Nutrient level
CP 15.86 12.00
AP 0.51 0.46
Arg 1.03 0.74
Met 0.37 0.32
Val 0.77 0.58
Energy (kcal/kg) 2,678.99 3,100.00
Met 1 Cys 0.67 0.56

Abbreviations: AP, Calcium hydrogen phosphate; Arg, arginine; Cys,
cysteine; Met, methionine; Val, L-valine.

1Per kilogram of additives contained：Cu, 2.50 mg; Fe, 20.00 mg; Zn,
17.50 mg; Mn, 15.00 mg; KI, 4.00 mg; Na2SeO3, 6.00 mg; CoCl2$6H2O,
2.50 mg; C5H11NO2S, 50.00 mg; chromium picolinate, 2.00 mg; vitamins,
15.00 mg; phytase, 10.00 mg; kininase, 7.50 mg; antioxidant, 2.00 mg;
betaine, 15.00 mg; choline, 50.00 mg; salt, 200.00 mg; p-ca, 500.00 mg;
zeolite powder, 76.00 mg.
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oviduct, and ovarian hemorrhage (Squires and Leeson,
1988; Walzem et al., 1993; Shini et al., 2019).

Oxidative stress occurs in an environment in which
the balance of pro-oxidant species to antioxidant species
is altered in favor of the former and is involved in
numerous pathophysiological processes of various dis-
eases, including arteriosclerosis, diabetes, and liver stea-
tosis (Kaplowitz, 2000; Bennett et al., 2009; Ghowsi
et al., 2018). The balance between hepatic synthesis
and secretion of lipids has been shown to be the key
point that regulates hepatic and extra hepatic fat
deposition in hens (Shini, 2014). Fat accumulation can
be increased by many factors, including nutrition, oxida-
tive stress, and inflammatory changes in the liver (Shini,
2014). In addition, oxidative stress can promote the acti-
vation of nuclear factor kappa B (NF-kB), which is a
redox-sensitive transcription factor that mediates the
transcription of a large number of inflammatory genes
coding for cytokines and adhesion molecules (Huang
et al., 2013; Chen et al., 2016). These cytokines are
known as proinflammatory cytokines and include IL-
1a, IL-1b, tumor necrosis factor-a (TNF-a), and IL-6
(Asrih and Jornayvaz, 2013); they coordinate the local
and systemic inflammatory responses to microbial path-
ogens (Dantzer et al., 2008).

Resveratrol (RSV, trans-3,5,4-trihydroxystilbene), a
natural plant polyphenol found in grapes and red wine,
is very popular for its betatrophin and antioxidant activ-
ities (Cheng et al., 2015). Thus, it has been used to pro-
tect against neurodegeneration, cardiovascular disease,
cancer, diabetes, and obesity-related disorders
(Ergenoglu et al., 2015). RSV could restrain oxidative
stress and alleviate inflammatory responses in a rat
model of polycystic ovary syndrome (Sadi et al., 2015).
It also plays several roles in antioxidative and anti-
inflammatory pathways and ameliorates metabolic syn-
drome (Javkhedkar et al., 2015). A previous study re-
ported that a diet packed with antioxidants could
reduce the morbidity of FLHS (Spurlock and Savage,
1993). RSV also could attenuate hepatic steatosis in
high-fat diet–fed mice by decreasing lipogenesis and
inflammation (Andrade et al., 2014). However, the ef-
fects of RSV on ovarian oxidative stress and inflamma-
tion in FLHS have not been fully elucidated.
Therefore, this study evaluated the protective effects of
RSV on the laying rate, ovarian antioxidant indices,
and the mRNA levels of antioxidative and inflammatory
genes in ovaries by constructing an FLHS model.
MATERIALS AND METHODS

Animals and Treatments

All experimental procedures were performed as per the
guidelines for the care and use of laboratory animals
from the Experimental Animal Care and Use Committee
of Jiangxi Agricultural University, and the ethics com-
mittee of Jiangxi Agricultural University specifically
approved this study. A total of 144 clinically healthy
90-day-old Hy-Line brown laying hens were randomly
assigned to 4 groups: control (Con) group, high-energy
low-protein (HELP) group, RSV group, and
HELP 1 RSV group. Birds in the 4 groups were fed
the basal diet, HELP diet, basal diet supplemented
with 400 mg/kg RSV, and HELP diet supplemented
with 400 mg/kg RSV. The experiment lasted for
120 days, and hens were given free access to standard
food and water. The basal diet for hens was prepared ac-
cording to the standard nutritional requirements of the
National Research Council (Dale, 1994), and the
HELP diet composition was different in only energy
and protein nutritional standards. The basal and
HELP diet composition is shown in Table 1.
Sample Collection

Ovary samples of 12 birds were immediately collected
randomly from each group after birds were euthanized
with an overdose via intravenous injection of sodium
pentobarbital (Nembutal; Abbott Laboratories, Chi-
cago, IL; 100 mg/kg) on days 40, 80, and 120. Each
ovary was collected and thoroughly washed with 0.9%
normal saline to rinse and remove the blood and sepa-
rated into 2 parts. One part of the ovary was placed
in freezing tubes, lyophilized in liquid nitrogen, and
stored at 280�C until used for determining the
mRNA expression levels of related genes. The other
part of the ovary was stored at 220�C for the detection
of antioxidant indices. The remaining ovary sections
were obtained on the 120th day to observe the patho-
logical damage.
Histopathological Examination

The ovary tissue specimens were washed with
normal saline and then fixed in formalin. After 1 wk,
formalin-fixed samples were routinely processed and



Table 2. Prime sequences.

Gene name Accession number Primers sequences (50-30)

Nrf2 NM_205117 F: ATCACCTCTTCTGCACCGAA
R: GCTTTCTCCCGCTCTTTCTG

HO-1 NM_205344 F: CTTCGCACAAGGAGTGTTAAC
R: CATCCTGCTTGTCCTCTCAC

SOD-1 NM_205064 F: GGTGCTCACTTTAATCCTG
R: CTACTTCTGCCACTCCTCC

NF-kB NM_205134 F: TCAACGCAGGACCTAAAGACAT
R: GCAGATAGCCAAGTTCAGGATG

TNF-a NM_204267 F: GCCCTTCCTGTAACCAGATG
R: ACACGACAGCCAAGTCAACG

IL-1b NM_204524 F: ACTGGGCATCAAGGGCTA
R: GGTAGAAGATGAAGCGGGTC

IL-6 NM_204628 F: AGGACGAGATGTGCAAGAAGT
R: TTGGGCAGGTTGAGGTTGTT

GAPDH NM_204305 F: AGAACATCATCCCAGCGTCC
R: CGGCAGGTCAGGTCAACAAC

Abbreviations: F, forward primer; GAPDH, glyceraldehyde-3-phosphate dehy-
drogenase; NF-kB, nuclear factor kappa B; R, reverse primer; TNF-a, tumor necrosis
factor-a.
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embedded in paraffin. Then, the tissue was sliced into
thin sections (5 mm) and stained with hematoxylin and
eosin (H&E). Afterward, pathological sections were
observed using an optical microscope, and photographs
were taken.

Determination of Laying Rate

The average daily egg production was recorded every
day.

Determination of the Antioxidant Indices in
Ovary Tissues

The levels of malondialdehyde (MDA), glutathione
(GSH), catalase (CAT), and superoxide dismutase
(SOD) were assessed by using kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) based on the
manufacturer’s instructions.

Quantitative Real-Time Polymerase Chain
Reaction Analysis

For the measurement of target gene expression, total
RNA was isolated using TRIzol reagent (Takara, Shiga,
Japan) and then reverse-transcribed into cDNA using a
PrimeScript RT reagent kit (Takara, Shiga, Japan) ac-
cording to the manufacturer’s protocol. Primers target-
ing Nrf2, HO-1, SOD-1, NF-kB, TNF-a, IL-1b, IL-6,
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
genes were designed using the Primer Premier Software
(PREMIER Biosoft International, Palo Alto, CA) and
Net primer (PREMIER Biosoft International, Palo
Alto, CA) software. The GenBank accession numbers
and primer sequences are shown in Table 2. Quantitative
reverse transcription-polymerase chain reaction was per-
formed using a One-Step SYBR PrimeScriptTM RT-
PCR Kit II (Takara, Shiga, Japan) on a Real-time
PCR Detection System (Thermo Fisher, Beijing,
China). Relative changes in mRNA levels of genes
were assessed using the 2-OOCT method and normalized
to the housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH).
Statistical Analysis

All data were analyzed by using SPSS version 17.0
(SPSS Inc., Chicago, IL) and GraphPad Prism 5.01
(GraphPad Inc., La Jolla, CA). Differences between
means were assessed by using a one-way ANOVA
followed by Dunnett’s test for multiple comparisons. Dif-
ferences were considered significant at levels of P, 0.05.
RESULTS

Histopathology

The pathological observation results are shown in
Figure 1. The H&E staining showed that the structure
of follicular cells was normal in the control group
(Figure 1a). However, we found extensive tissue infiltra-
tion with fat droplets and erythrocytes in the HELP
group (Figure 1b). Compared with those in the HELP
group, the fat droplet and erythrocyte numbers were
notably reduced in the HELP 1 RSV group
(Figure 1c). Moreover, no follicular cell structural abnor-
malities were observed in the RSV group (Figure 1d).
The relative concentrations of lipid droplets are shown
in Figure 2. The relative lipid droplet concentrations in
the HELP group were markedly increased (P , 0.05)
compared with those in the control group. The relative
lipid droplet concentration was significantly decreased
(P , 0.05) in the HELP 1 RSV group throughout the
whole experiment compared with that in the HELP
group. In addition, the relative lipid droplet concentra-
tion in the RSV group was lower than that in the control
group (P . 0.05).
Laying Rate

The laying rates on days 40, 80, and 120 are shown in
Figure 3. The laying rate in the HELP group on days 40,



Figure 1. Pathological observation of the ovaries in laying hens. (A) Con group: normal follicular cell structure. (B) HELP group: extensive tissue
infiltration by fat droplets and erythrocytes. (C) HELP 1 RSV group: fewer fat droplets and erythrocytes than the pathological group. (D) RSV
group: no obvious lipid vacuoles. The red arrow indicates the lipid vacuolization and the yellow arrow indicates erythrocytes inside the ovary
(H&E stain, using 400 ! magnification). Abbreviations: H&E, hematoxylin and eosin; HELP, high-energy low-protein; RSV, resveratrol.
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80, and 120 was significantly decreased (P , 0.05)
compared with that in the Con group. The laying rate
was markedly decreased (P , 0.05) in the HELP group
on days 40, 80, and 120 compared with that in the
HELP 1 RSV group. Moreover, on days 40 and 80,
the laying rate did not differ significantly (P . 0.05) be-
tween the Con and RSV groups, whereas it was
increased in the RSV group compared with that in the
Con group on day 120 (P , 0.05).
Figure 2. The relative counts of fat droplets in the H&E stained sec-
tions. Values are the mean of 3 replicates, with the standard deviation
represented by vertical bars. On bars, the same small superscript letters
indicate no significant difference (P . 0.05); different small superscript
letters indicate significant difference (P, 0.05). The data are presented
as means 6 SD (n 5 3 per group). Abbreviations: Co, control; H&E,
hematoxylin and eosin; HELP, high-energy low-protein; RSV, resvera-
trol; SD, standard deviation.
The Levels of MDA, CAT, SOD, and GSH in
Ovaries

The levels of MDA, CAT, SOD, and GSH in ovaries
on days 40, 80, and 120 are shown in Figure 4. MDA con-
centration on days 40, 80, and 120 was significantly
increased (P , 0.05) in the HELP group compared
with that in the Con group. Nevertheless, in the
HELP 1 RSV group, the concentration of MDA was
significantly decreased (P , 0.05) compared with that
in the HELP group on days 40, 80, and 120
(Figure 4a). The activity of CAT, SOD, and GSH was
Figure 3. Laying rate on days 40, 80, and 120. On bars, the same
small superscript letters indicate no significant difference (P . 0.05);
different small superscript letters indicate significant difference
(P , 0.05). Abbreviations: Con, control; HELP, high-energy low-
protein; RSV, resveratrol.



Figure 4. Determination of (A) MDA, (B) CAT, (C) SOD, and (D) GSH activity in hen ovaries on days 40, 80, and 120. On bars, the same small
superscript letters indicate no significant difference (P . 0.05); different small superscript letters indicate significant difference (P , 0.05). Abbrevi-
ations: CAT, catalase; Con, control; GSH, glutathione; HELP, high-energy low-protein; MDA, malondialdehyde; RSV, resveratrol; SOD, superoxide
dismutase.
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obviously increased (P, 0.05) in the Con group on days
40, 80, and 120 compared with that in the HELP group
(Figure 4b-d). In addition, the activity of CAT, SOD,
and GSH was significantly increased (P , 0.05) in the
HELP 1 RSV group compared with that in the HELP
group on days 40, 80, and 120. The activity of CAT,
SOD, and GSH was obviously decreased (P , 0.05) in
the HELP group on days 40, 80, and 120 compared
with that in the RSV group.

The mRNA Expression Levels of Nrf2, HO-1,
and SOD-1 in Ovaries

The alterations in the mRNA expression levels of
Nrf2, HO-1, and SOD-1 in the ovaries of hens are
described in Figure 5. The mRNA expression levels of
Nrf2, HO-1, and SOD-1 were decreased in the Con group
at all experimental time points compared with those in
the HELP group (Figure 5a–c). Nevertheless, the
mRNA expression levels in the HELP 1 RSV group
were higher than those in the HELP group on days 40,
80, and 120. In addition, the mRNA expression level of
Nrf2 was notably increased (P, 0.05) in the RSV group
compared with that in the Con group on days 80 and 120
(Figure 5a). The HO-1 mRNA expression level in the
Con group was significantly increased (P , 0.05) on
day 120 compared with that in the RSV group
(Figure 5b).
The mRNA Expression Levels of NF-kB,
TNF-a, IL-1b, and IL-6 in Ovaries

The mRNA expression levels of NF-kB, TNF-a, IL-1b,
and IL-6 in the ovaries of hens are shown in Figure 6.
The mRNA expression levels of NF-kB, TNF-a, IL-1b,
and IL-6 were significantly elevated (P , 0.05) in the
HELP group compared with those in the Con group at
all experimental time points (Figure 6a–d). In addition,
on days 40, 80, and 120, the mRNA levels of NF-kB,
TNF-a, IL-1b, and IL-6 were decreased in the Con group
comparedwith those in theRSVgroup, but the differences
were not significant (P . 0.05). Nevertheless, the mRNA
expression levels of NF-kB, IL-1b, and IL-6 in the
HELP 1 RSV group were obviously decreased
(P , 0.05) compared with those in the HELP group at
all the experimental time points (Figure 6a, c, d). In addi-
tion, the TNF-a expression level in the HELP 1 RSV
group was significantly decreased (P , 0.05) compared
with that in the HELP group on days 80 and 120
(Figure 6b). Moreover, the mRNA level of TNF-a in the
RSV group was markedly reduced (P , 0.05) compared
with that in the Con group on day 120 (Figure 6b).
DISCUSSION

FLHS is a metabolic disorder disease presumably
related to oxidative stress and is characterized by a



Figure 5. Determination of the mRNA expression levels of (A) Nrf2, (B) HO-1, and (C) SOD-1 in hen ovaries on days 40, 80, and 120. On bars, the
same small superscript letters indicate no significant difference (P. 0.05); different small superscript letters indicate significant difference (P, 0.05).
Abbreviations: Con, control; HELP, high-energy low-protein; RSV, resveratrol; SOD, superoxide dismutase.
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sudden drop in egg production and an increase in mortal-
ity among adult layers (Yang et al., 2017; Shini et al.,
2019). Previous reports have shown that administering
exogenous oestradiol or HELP diets dramatically
increase the incidence of FLHS, which stops egg
production and causes rapid regression of the oviduct
and ovaries (Haghighi-Rad and Polin, 1981; Rozenboim
et al., 2016). In this study, we used a HELP diet
combined with caged feeding technology and high
temperature in summer to construct an FLHS model,
which is the same approach as that used by Yang
(Yang et al., 2017). The results indicated that the laying
rate was significantly decreased in the HELP group
compared with that in the Con group, which was consis-
tent with previous FLHS reports (Trott et al., 2014; Shini
et al., 2019). Moreover, it was evident that ovary in the
pathology group had fatty degeneration and
hemorrhaging. Hence, animal models of FLHS were
established successfully.

Previous studies have indicated that abnormal antiox-
idant (MDA, SOD, and GSH) and inflammatory cyto-
kine (TNF-a, IL-6 IL-1, SAAL1, and iNOS2)
production plays a role in the pathogenesis of FLHS
(Guo, 2010; Shini, 2014). MDA, a product of lipid
peroxidation, is a commonly known marker of
oxidative stress and antioxidant status (Shen et al.,
2016). The results of the present study revealed that
the MDA concentration was significantly increased in
the HELP group compared with that in the Con group.
Squires and Wu also reported that hens with severe liver
hemorrhagic scores had increased MDA level in the liver
(Squires and Wu, 1992). This finding may be due to an
increase in free radicals, causing the overproduction of
MDA. In addition, our results showed that the activity
of SOD, CAT, and GSH was decreased in ovaries in
the HELP group compared with that in the Con group.
SOD, CAT, and GSH, 3 important endogenous free
radical scavengers, play a crucial role in maintaining
the oxidative and antioxidative balance of the body, as
they scavenge free radicals and protect cells from oxida-
tive damage (Shen et al., 2016). The reduced of SOD,
CAT, and GSH activity shows that the antioxidant sys-
tem was damaged by free radicals. As a pivotal regulator
of the antioxidant response element, Nrf2 has attracted
great attention for its role in preventing the development
of oxidative stress by regulating Nrf2-related antioxi-
dant activity (Liu et al., 2015). Nrf2 is a significant tran-
scription factor that plays a role in the transcription of
enzymes (HO-1 and SOD-1) by binding to DNA se-
quences called antioxidant-response elements (Zhang
et al., 2013). HO-1 is an important Nrf2-regulated anti-
oxidant enzyme that regulates intracellular ROS levels
in response to diverse stimuli (Bao et al., 2018). The re-
sults of the present study revealed that the mRNA tran-
scription levels of Nrf2, HO-1, and SOD-1 in ovaries were
significantly increased in the HELP group compared
with those in the Con group. The results from the pre-
sent study revealed increased Nrf2, HO-1, and SOD-1
mRNA expression levels in FLHS models, which indi-
cated that the oxidative stress might be involved in



Figure 6. Determination of the mRNA expression levels of (A) NF-kB, (B) TNF-a, (C) IL-1b, and (D) IL-6 in hen ovaries on days 40, 80, and 120.
On bars, the same small superscript letters indicate no significant difference (P. 0.05); different small superscript letters indicate significant difference
(P , 0.05). Abbreviations: Con, control; HELP, high-energy low-protein; NF-kB, nuclear factor kappa B; RSV, resveratrol; TNF-a, tumor necrosis
factor-a.
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triggering ovary injuries in FLHS hens. A previous study
showed that the activation of NF-kB signaling is medi-
ated by the upstream kinase inhibitor of kappaB kinase
which is triggered by hypoxia, ROS, and several inflam-
matory mediators (Lan et al., 2016). NF-kB is an impor-
tant transcription factor that plays a critical role in the
regulation of a variety of important genes in cellular re-
sponses (Liu et al., 2008). Whenever it is activated, NF-
kB regulates the expression of a wide array of inflamma-
tory mediators, such as IL-1b, cyclooxygenase-2, TNF-a,
IL-6, inducible nitric oxide synthase, and matrix
metalloproteinase-9, all of which play crucial roles in
fatty liver damage (Shini, 2012; Li et al., 2018).
Herein, the results showed that the mRNA
transcription levels of NF-kB, TNF-a, IL-1b, and IL-6
in ovaries were significantly increased in the HELP
group compared with those in the Con group which is
in consistent with a previous inflammation and nonalco-
holic fatty liver disease study (Asrih and Jornayvaz,
2013).
Growing evidence suggests that RSV plays a role in

the prevention of pathologies such as inflammation,
oxidative stress, carcinogenesis, and cardiovascular dis-
ease (Fremont et al., 1999; Zhang et al., 2016). In
addition, researchers have indicated that RSV reduces
or inhibits the generation of ROS, inhibits lipid
peroxidation, and regulates the activity of antioxidant
enzyme (Breinholt et al., 2003). In this study, there
were fewer lipid vacuoles and erythrocytes in the
HELP 1 RSV group than those in the HELP group,
assessed by H&E staining. Furthermore, the laying
rate was increased in the HELP1 RSV group compared
with that in the HELP group. In the HELP 1 RSV
group, the level of MDA was significantly decreased. In
contrast, the activity of SOD, CAT, and GSH was signif-
icantly increased in the HELP 1 RSV group compared
with that in the HELP group. Ergenoglu et al. also re-
ported the effects of RSV supplementation on alleviating
oxidative damage in ovaries with age-associated infer-
tility disorder in mice (Ergenoglu et al., 2015). Taken
together, these findings suggest that RSV pretreatment
attenuates oxidative damage in ovaries. Moreover, we
found that the mRNA expression levels of Nrf2, SOD,
and HO-1 were significantly increased in the
HELP 1 RSV group compared with those in the
HELP group. The anti-inflammatory capability of
RSV is associated with its capacity to reduce the activa-
tion of NF-kB and TNF-a (Elisabetta Ferrero and
Ferrero, 2005). Andrade reported that RSV supplemen-
tation attenuated hepatic steatosis in high-fat fed mice



XING ET AL.1026
by decreasing lipogenesis and inflammation (Andrade
et al., 2014). In the present study, the mRNA levels of
NF-kB, TNF-a, IL-1b, and IL-6 in ovaries were found
to be significantly decreased in the HELP 1 RSV group
compared with those in HELP group. Considering that
RSV plays an important role in antioxidative stress
and anti-inflammatory processes, we conclude that the
FLHS-induced damage in hen ovaries may be alleviated
by RSV.
CONCLUSION

Taken together, our findings show that FLHS induces
oxidative stress and inflammation in the ovaries of
hens, but this induction is compromised by RSV
supplementation.
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