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ABSTRACT Aflatoxin B1 (AFB1) is a secondary
metabolite produced by Aspergillus flavus and parasitic
aspergillus, mainly existing in cereals, peanuts, corn,
and other crops, which seriously endanger poultry,
human health, and environment. Morin, a flavonoid
compound extracted from moraceae plants, possess anti-
oxidant, antibacterial, and anti-inflammatory effects.
However, whether morin has a protective effect on
AFB1-induced liver and kidney damage in chicks has
not been specifically reported. In this study, we mainly
confirmed the protective effect of morin on AFB1-
induced liver and kidney damage in chicks and clarified
its mechanism. It was found that morin can significantly
reduce the liver biochemical indicators of alanine amino-
transferase (ALT), aspartate aminotransferase (AST),
and kidney indicators of creatinine (CRE) and urea
nitrogen (BUN) levels. Meanwhile, histopathological
examination showed that morin effectively relieved
AFB1-caused liver damage, including hepatocyte dis-
ruption, swelling, and inflammatory cell infiltration, and
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effectively relieved kidney damage, including renal cell
necrosis, exfoliation, and vacuolization. Further investi-
gation of its mechanism demonstrated that morin signif-
icantly inhibited AFB1-induced heterophil extracellular
traps (HETs) release, and decreased the level of malon-
dialdehyde (MDA) but increased the levels of superox-
ide dismutase (SOD), glutathione peroxidase (GSH-
Px), and catalase (CAT) in vivo. Moreover, quantita-
tive real-time PCR (qRT-PCR) analysis showed that
morin also significantly decreased AFB1-induced
mRNA expressions of tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6) and interleukin-1b (IL-1b), induc-
ible nitric oxide synthase (iNOS), cyclooxygenase-2
(COX-2), caspase-1, caspase-3, and caspase-11. In con-
clusion, all results confirmed that morin could protect
AFB1-caused liver and kidney damage by inhibiting
HETs release, regulating oxidative stress, and inhibiting
inflammatory response, suggesting that morin can be
utilized as a potential drug for prevention and treatment
of aflatoxicosis in poultry breeding industry.
Key words:morin, aflatoxin B1, heterophil extracellular traps, inflammatory response, oxidative stress

2021 Poultry Science 100:101513
https://doi.org/10.1016/j.psj.2021.101513
INTRODUCTION

Aflatoxin is a type of secondary metabolite with high
toxicity and low molecular weight produced by fungi
such as Aspergillus flavus, Parasitic aspergillus and spe-
cific aspergillus, which have strong toxicity, mutagenic-
ity and carcinogenicity, among which aflatoxin B1
(AFB1) has the strongest toxicity (Rawal et al.,
2010). AFB1 pollution was related to feed safety, ani-
mal production and food safety, and even threatens
human health. Hence, it is an importance to solve the
contamination of AFB1 in feed and the residual prob-
lems in animals and livestock products. Exposure to
aflatoxins during pregnancy poses a threat to the
health of the fetus, which can be passed from mother to
fetus through umbilical cord blood and breast milk
(Denning et al., 1990). It has been reported that AFB1
level in serum of jaundice with 6-phosphoglucose dehy-
drogenase deficiency in newborns, and found that 58%
of newborns and 75% of mothers tested positive
(Raafat et al., 2021). As the most important hepatocel-
lular carcinogen, AFB1 is the main cause of hepatocel-
lular carcinoma (HCC) in the world and studies have
found that AFB1 and hepatitis B virus (HBV) work in
conjunction to further enhance the incidence of HCC
(Rushing and Selim, 2019). AFB1-induced oxidative
stress is one of the important ways in which its toxicity
is exerted (Abdel-Wahhab and Aly, 2003). But deeper
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Figure 1. Chemical structure of morin.
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mechanism underlying aflatoxicosis and more efficient
drugs for prevention and treatment still remain to be
investigated.

Morin (the chemical structure is shown in Figure 1), is
a kind of natural pigment extracted from moriaceae
plants, which belongs to flavonoids and has biological
properties, including anti-inflammatory (Wei et al.,
2015), antibacterial (Li et al., 2020), and antioxidant
(Wei et al., 2015), antiatherosclerosis (Zhou et al.,
2017), lower blood sugar and antistress, and has been
widely used in clinical treatment of coronary heart dis-
ease, diabetes, and cancer. It is reported that that morin
can exert antibacterial effects on Staphylococcus aureus,
Bacillus and Micrococcus flavus by interfering with bac-
terial DNA synthesis and inhibiting the activity of aden-
osine triphosphate (ATPase) (Xu et al., 2001). Some
studies show that morin can inhibit TLR4/ NF-kB and
activate Nrf2 and HO-signaling pathways to protect
LPS-induced acute liver injury in mice (Tian et al.,
2017). Morin also can effectively improve diethyl ammo-
nium nitrate-induced the liver fibrosis in rats by moder-
ating Hippo/YAP and TGF-b1/Smad signal
transduction (Perumal et al., 2017). At present, it is
reported that a variety of compounds such as vitamins
A, C and E (Alpsoy and Yalvac, 2011), and eugenol, can
resist the oxidative stress response of AFB1. However,
as a traditional antioxidant drug, whether morin could
also play a protective role in liver and kidney injury in
chicks with aflatoxicosis has not been reported.

Neutrophil extracellular traps (NETs) are the
body's first line of defense against external pathogens
found in recent years. NETs are a network structure
with DNA as the skeleton and modified by citrulli-
nated histone 3 (citH3) and elastase (Wei et al.,
2019b), with antibacterial (Brinkmann et al., 2004),
antiviral (Saitoh et al., 2012), and antiparasitic
(Wei et al., 2016) effects. Heterophil extracellular
traps (HETs) have a similar function to NETs,
except that HETs do not have the expression of mye-
loperoxidase (MPO) (Chuammitri et al., 2009). It
has been demonstrated that N. caninum can induce
the release of canine NETs in vitro to resist infection
(Wei et al., 2016). Study also been confirmed that
abamectin (AVM) can reduce respiratory burst in
carp by inhibiting the activation of PI3K-ERK sig-
naling pathway, thus inhibiting the release of NETs
in carp (Zheng et al., 2020). Similar to abamectin,
morin is a recognized therapeutic drug, whether its
therapeutic effect is related to the release of NETs,
this requires us to further explore.
Therefore, the mechanism of morin on AFB1-induced

liver and kidney injury in chicks was investigated in our
study, and its protective effects were explored. It is
expected to supply experimental foundation for the vet-
erinary clinical implementation of morin and provide
experimental data and reference for the prevention and
control of mycotoxin poisoning.
MATERIALS AND METHODS

Reagents and Materials

AFB1 (A6636, purity ≥ 98%, Sigma-Aldrich [Shang-
hai] Trading Co., Ltd., Shanghai, China). Morin (purity
≥ 98%) was purchased from Chengdu Pusi Biological
Co., Ltd. (Chengdu, China). Pico Green dsDNA Assay
kit (Thermo Fisher Scientific, Waltham, MA). The kit
of AST, ALT, BUN, and CRE was obtained from the
Institute of Biological Engineering of Nanjing Jiancheng
(Nanjing, China). The kit of GSH-Px SOD, CAT, and
MDA was obtained from the Institute of Biological
Engineering of Nanjing Jiancheng (Nanjing, China).
RevertAid First Strand cDNA Synthesis kit was
obtained from Thermo. qPCR master mix was obtained
from Roche (Mannheim, Germany).
Establishment of Animal Models

Twenty-five one-day-old chicks were purchased from
Foshan breeding farm (Foshan, Guangdong), and the
chicks were fed adaptively for one day. The establishment
of the infected chick model was started on the second day.
The test chicks were randomly assigned into 5 groups:
control group, AFB1 group (5 mg/kg), morin treatment
group (20 mg/kg, 40 mg/kg, 80 mg/kg). On the first day
of modeling, the treatment group was intraperitoneally
injected with morin for prevention, and was injected
again 16 h later. Blood was collected 24 h later, the chicks
were killed and liver and kidney tissues were taken. All
implementation of the experiment was conducted in com-
pliance with the Foshan University Animal Research
Ethics Committee guidelines (FSUeae2019112501).
Detection of HETs in Serum

The collected blood was stationary, centrifuged at
12,000 rpm for 10 min, and the upper serum was
extracted, diluted 5-fold with TE dye, and then the
same amount of Pico Green was added. Finally, the
experimental results were observed with fluorescence
microplate reader.
Detection of ALT and AST in Serum

Measurement of levels of ALT and AST in serum with
the kit, and the experimental results were detected at
the wavelength of 510 nm by the microplate reader.
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Detection of BUN and CRE in Serum

CRE and BUN levels in serum were examined with
corresponding kits and the experimental results were
detected at the wavelength of 510 nm by the microplate
reader.
Histopathological Assessment of Liver and
Kidney Tissue

The collected liver and kidney tissue samples were
fixed in 10% formalin. Then, the tissue was dehydrated,
embedded, and stained with hematoxylin and eosin
(Wu et al., 2021). Finally, a revolve’s hybrid microscope
was used to observe pathological changes.
Detection of Oxidase Activity and
Antioxidant Enzyme Activity

Oxidase MDA and antioxidant oxidase GSH-Px, SOD
and CAT levels were detected examined with corre-
sponding kits (Guo et al., 2021). Among, SOD and CAT
were measured with serum, and MDA and GSH-Px were
measured with liver tissue. In addition, we need to use
TBD reagents for quantitative analysis of protein con-
centration in samples (Cao et al., 2020).
Quantitative Real-Time PCR Analysis

QRT-PCR was used to detect the mRNA expression
of inflammatory factors TNF-a, IL-1b, IL-6, inflamma-
tory mediator COX-2, iNOS and caspase signaling path-
way key factors caspase-1, caspase-3, and caspase-11.
CFX Connect Real-Time System instrument was used
to real-time PCR fluorescence quantification. The pri-
mers of the target gene are in Table 1. qRT-PCR detec-
tion adopts Roche 25 mL system, the condition was
50°C, 2 min; 95°C, 10 min; 95°C, 15 s; 60°C, 60 s, a total
of 40 cycles. GAPDH as the internal reference, and was
used the 2�DDCT method to process the data
(Qianru et al., 2021).
Table 1. The sequence of primers used in the experiment (chicks).

Gene Primer

GAPDH Sense G
Antisense C

IL-1b Sense A
Antisense G

TNF-a Sense C
Antisense A

IL-6 Sense G
Antisense A

COX-2 Sense T
Antisense T

iNOS Sense C
Antisense C

caspase-1 Sense G
Antisense C

caspase-3 Sense A
Antisense C

caspase-11 Sense C
Antisense G
Statistical Analysis

All date were calculated by GraphPad Prism 5.0 soft-
ware using one-way analysis of variance (ANOVA) with
Tukey multiple comparison test. Differences among
groups were regarded statistically significant at levels of
P < 0.05.
RESULTS

Change of Body Weight and Liver Coefficient
in Chicks

Body weight of each chick was recorded and calcu-
lated liver coefficient (liver coefficient = [liver weight/
body weight] £ 100). The results manifested that the
growth rate of body weight in the morin treatment
group (20 mg/kg, 80 mg/kg) was significantly increase
compared with the AFB1 group (Figure 2A), confirming
that morin has a certain effect on the weight of chicks.
However, the liver coefficient of each group of chicks did
not change significantly (Figure 2B).
Morin Significantly Reduces the Levels of
ALT and AST in Serum

ALT and AST are indicators of liver damage. The
date exhibited that AFB1 significantly boost ALT and
AST levels, while morin showed a completely opposite
trend compared with AFB1 (Figure 3A and B), which
preliminarily suggests that morin has a beneficial effect
on AFB1-induced liver injury in chicks.
Morin Significantly Alleviates AFB1-Induced
the Liver Damage in Chicks

To further confirm the effects of morin on AFB1-
caused liver injury, histopathological examination was
carried out. As showed in Figure 4, AFB1 treatment
induced hepatocyte swelling, fragmentation, and inflam-
matory cell infiltration in liver, but the morin (20, 40,
Sequence 50 > 30 bp (size)

GCACTGTCAAGGCTGAGAA 23
ACCTGCATCTGCCCATTTG
CTGGGCATCAAGGGCTA 20
GTAGAAGATGAAGCGGGTC
AGGACAGCCTATGCCAACA 20
CAGCCAAGTCAACGCTCCT
CAGGACGAGATGTGCAAGA 20
TTTCTCCTCGTCGAAGCCG
GTCCTTTCACTGCTTTCCAT 21
TCCATTGCTGTGTTTGAGGT
CTGGAGGTCCTGGAAGAGT 20
CTGGGTTTCAGAAGTGGC
ATACGTGACTCCATCGACCC 21
TTCTTCAGCATTGTAGTCC
AGGCTCCTGGTTTATTC 18
TGCCACTCTGCGATTTAC
CCCCACCATCTCAACAAGT 20
TCCCTGAACAGTTCCCACA



Figure 2. Changes of body weight and liver coefficient in chicks. (A) Changes of body weight. (B) Changes of liver coefficient. The date were
expressed with mean § SEM. (*P < 0.05, **P < 0.01).
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80 mg/kg) effectively alleviated the liver tissue damage,
which further confirmed that morin has a mitigating
effect on AFB1-induced liver damage in chicks.
Morin Significantly Reduces the Levels of
BUN and CRE in Serum

BUN and CRE as important indicators of kidney
injury, we found that AFB1 significantly increased BUN
and CRE levels compared with the control group, while
Figure 3. Detection of liver index. (A) ALT level in serum of chicks. (B
SEM. (*P < 0.05, **P < 0.01, ***P < 0.001).
morin showed a completely opposite trend compared
with AFB1 (Figure 5A and B), which also preliminarily
suggests that morin has a beneficial effect on AFB1-
caused kidney injury in chicks.
Morin Significantly Alleviates AFB1-Induced
the Kidney Injury in Chicks

To further confirm the effects of morin on AFB1-
caused kidney injury, histopathological examination
) AST level in serum of chicks. The date were expressed with mean §



Figure 4. Histopathological changes of liver tissues. (A) Control. (B) AFB1 (5 mg/kg). (C) AFB1 + morin (20 mg/kg). (D) AFB1 + morin
(40 mg/kg). (E) AFB1 + morin (80 mg/kg). The black arrows indicate cells rupture and inflammatory cell infiltration.
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was carried out. The kidney of the AFB1 treatment
group showed renal cell necrosis, exfoliation and vacuoli-
zation, while the morin treatment group, with the
increase of the morin concentration (20, 40, 80 mg/kg),
effectively alleviated the kidney tissue injury (Figure 6),
which further confirmed morin has a mitigating effect on
AFB1-caused kidney injury in chicks.
Morin Significantly Reduced the Level of
AFB1-Induced HETs in Serum

To investigate the mechanism underlying the protec-
tive of morin on AFB1-induced tissue injury, HETs
released in serum were detected by Pico Green. Blood
samples were collected to detect the level of HETs in
Figure 5. Changes of kidney index. (A) BUN level in serum. (B) CRE
**P < 0.01, ***P < 0.001).
serum. The experimental result indicated that AFB1
markedly induced the generation of HETs in serum,
while morin significantly inhibited the generation of
HETs compared with the AFB1 group (Figure 7). Thus,
we first confirmed that morin alleviated AFB1-caused
liver and kidney injury by inhibiting the release of
HETs.
Morin Significantly Alleviates AFB1-Caused
Oxidative Stress in Chicks

It is reported that oxidative stress is a crucial mecha-
nism in the toxic effects of AFB1, the function of morin
on AFB1-caused oxidative stress was detected. The
result indicated that AFB1 markedly added the level of
level in serum. The date were expressed with mean § SEM. (*P < 0.05,



Figure 6. Histopathological changes of kidney tissues. (A) Control. (B) AFB1 (5 mg/kg). (C) AFB1 + morin (20 mg/kg). (D) AFB1 + morin
(40 mg/kg). (E) AFB1 + Morin (80 mg/kg). The black arrows indicate cells necrosis, exfoliation, and vacuolization.
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oxidase MDA, while markedly reduced the levels of anti-
oxidant enzyme GSH-Px, SOD and CAT. However,
compared with AFB1, morin effectively alleviated the
imbalance between oxidase and antioxidant enzyme
(Figure 8).
Morin Significantly Inhibited the mRNA
Levels of AFB1-Induced Inflammatory
Mediators and Inflammatory Factors in Liver

Inflammatory response is an important mechanism in
the toxic effects of AFB1; the effect of morin on AFB1-
caused inflammatory responses was examined. qRT-
PCR analysis was utilized to detect the expression of
inflammatory mediators COX-2 and iNOS, and
Figure 7. The release of HETs in serum. Pico Green was used to
detect the release of HETs. The date were expressed with mean §
SEM. (***P < 0.001).
inflammatory factors TNF-a, IL-1b, IL-6. The experi-
mental results indicated that AFB1 notably improved
the expression levels of these cytokines, while morin
markedly inhibited the expression of these cytokines
(Figure 9).
Morin Significantly Inhibited AFB1-Induced
the mRNA Expression of Caspase-1,
Caspase-3, and Caspase-11

Caspase signaling pathway has also been reported to
be involving in the process of oxidative stress and
inflammatory responses. ROS can induce damage to the
mitochondrial membrane, leading to cytochrome c
efflux, and activating the caspase signaling pathway.
Therefore, we detected the mRNA expression of key fac-
tors of the caspase signaling pathway. The result con-
firmed that AFB1 markedly increased the mRNA
expression of caspase-1, caspase-3 and caspase-11, while
morin markedly decreased the expression of these factors
(Figure 10).
DISCUSSION

AFB1, as the most toxic mycotoxin, which is the main
cause of aspergillosis. There have been lots of studies on
the toxicity of AFB1, including hepatotoxicity, neuro-
toxicity, and carcinogenicity. Liver, as the main detoxifi-
cation organ and the main site of substance metabolism
transformation in animals, is extremely vulnerable to
AFB1 damage, which is mainly mediated by 4 mecha-
nisms: cytochrome P450 (CYP450) enzyme system,
mitochondria, immune system, and free radicals. After
AFB1 enters the body, it is absorbed from the duode-
num of the digestive tract and enters the liver through
the portal venous, where it is transformed into AFBO
by CYP1A2 and CYP3A4 in the phase I metabolism
enzyme CYP450 enzyme system in hepatocytes
(Yang et al., 2013). The above process is the most signif-
icant reason why AFB1 causes body disorders, and



Figure 8. Changes of oxidative stress. (A) Level of MDA in liver. (A) Level of SOD in serum. (A) Level of CAT in serum. (A) Level of GSH-Px
in liver. The date were expressed with mean § SEM. (*P < 0.05, **P < 0.01, ***P < 0.001).
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produces toxicity and carcinogenic effects. AFB1 also
can induce hepatocyte apoptosis through up-regulating
the expression of death receptors FAS and TNFR1, and
down-regulating the expression of antiapoptotic recep-
tors XIAP and Bcl-2 (Mughal et al., 2017). In the previ-
ous experiments, we have confirmed that AFB1 can
cause liver and kidney damage in chicks and preliminary
elucidated the mechanism.

Morin is a kind of natural flavonoids, which have a
natural antioxidant structure. The quinone formed by
its oxidation has a strong antioxidant activity, which
can protect the unsaturated fatty acids on the cell
membrane from oxidation (Xie et al., 2003). Studies
have confirmed that morin can play a certain protective
role on IFOS-caused liver damage in mice by inhibiting
oxidative stress, inflammation as well as cell apoptosis
(€Ozdemir et al., 2020). Morin also can alleviate LPS-
caused mastitis by inhibiting PI3K/ AKT, MAPK, NF-
kB, and NLRP3 signaling pathways (Jiang et al., 2020).
However, related to protective effects of morin on
AFB1-caused damage remain unknown. Therefore, in
this experimental, mainly explored the protective effects
of morin on AFB1-caused liver and kidney damage and
elucidated its mechanism.



Figure 9. The expression of inflammatory mediators COX-2 and iNOS, and inflammatory factors TNF-a, IL-1b and IL-6 in liver. Extracted
liver tissue, homogenized, and analyzed by real-time quantitative PCR. The date were expressed with mean § SEM. (**P < 0.01, ***P < 0.001).
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Based on more accurate assessment of the dosage and
effects of morin, intraperitoneal injection was selected.
Moreover, the method of administration with morin was
consistent with that in mice and rats (Jiang et al., 2020;
Figure 10. The expression of caspase-1, caspase-3, and caspase-11 in liv
***P < 0.001).
Khamchai et al., 2020). First, the levels of AST, ALT,
BUN, and CRE in serum were examined to confirm that
AFB1 toxicity model was successfully established. The
liver and kidney damage indexes of AFB1 group were
er. The date were expressed with mean § SEM. (*P < 0.05, **P < 0.01,
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significantly increased, while morin groups markedly
inhibited the expression of these enzymes, which prelim-
inarily confirmed the role of morin in protecting against
AFB1-caused liver and kidney damage in chicks. At the
same time, we found that although there was no remark-
able difference in liver index between the groups, the
growth rate of weight was markedly improved in the
morin treatment group (20 mg/kg, 80 mg/kg), confirm-
ing the effect of morin on the weight of chicks. Further-
more, histopathological examination confirmed that
morin effectively relieved AFB1-caused hepatocyte dis-
ruption, swelling, and inflammatory cell infiltration, and
renal cell necrosis, exfoliation, and vacuolization, which
further confirmed the protective effects of morin on liver
and kidney damage in chicks. Next, we researched the
protective mechanism of morin against AFB1-caused
liver and kidney injury in chicks.

NETs, as the first line of defense for innate immunity,
are a double-edged sword for the organism. On the one
hand, it plays an important role in the body's defense
against pathogens. On the other hand, it will cause tis-
sue damage and participate in the formation of some dis-
eases, such as atherosclerosis and thrombosis
(Moschonas and Tselepis, 2019). Study confirmed that
NETs and histones play an important role in the injury
of bovine mammary epithelial cells (BMEC), and inhib-
iting the formation of excessive NETs can alleviate mas-
tities-related injury (Wei et al., 2019a). We also have
found that AFB1 could cause liver and kidney damage
in chicks through inducing the release of HETs. Whether
the protective effect of morin on AFB1 caused injury in
chicks is related to HETs is also an important aim of our
experiment. HETs work as the vital innate immune
responses of chicken, and the best time to detect HETs
in serum is within 24 h, thus the timing of the study was
selected. It is found that morin significantly reduced the
formation of HETs in serum, and it was first confirmed
that morin alleviated AFB1-caused injury in chicks by
inhibiting the release of HETs.

In the normal metabolic process of the body, redox
is in dynamic equilibrium, but when the production
of reactive oxygen species (ROS) in the body exceeds
the amounts of antioxidants, oxidative stress will
occur. Oxidative stress is involved in many liver dis-
eases, such as hepatic fibroproliferative disease, alco-
holic liver disease, and nonalcoholic fatty liver disease
(Cicho _z-Lach and Michalak, 2014). MDA is the final
products of lipid peroxidation produced by ROS, and
can independently reflect the degree of damage to the
membrane system and the degree of attack by free
radicals on cells, so it is considered a good marker for
evaluating oxidative stress (Wang et al., 2019). SOD
is a specific antioxidant enzyme that scavenges super-
oxide anion in ROS free radicals, which indirectly
view of the body’s ability to remove oxygen free radi-
cals, and has an extremely crucial function in the
study of liver injury (Zhang et al., 2018). GSH-Px as
an important indicator to measure the redox state of
cells, which can counteract the toxicity of oxygen
radicals by directly supplying H+, and reducing
oxidative damage to the liver. CAT, exist in various
tissues of animals, especially in the liver at high con-
centrations, which can effectively break down hydro-
gen peroxide into carbon dioxide and water to
protect cells from oxidative damage (Alfonso-Prieto
et al., 2009). The result indicated that AFB1
markedly reduced the levels of antioxidant enzymes
GSH-Px, SOD and CAT, also increased the level of
antioxidant enzymes MDA, while the morin group
showed the opposite trend, effectively alleviating the
imbalance between oxidase and antioxidant enzymes,
indicating that morin can effectively inhibit AFB1-
caused oxidative stress.
It is reported that ROS can cause the expression of

inflammatory cytokines and the activation of nuclear
factor kappa B (NF-kB) and mitogen-activated protein
kinase (MAPK) pathways (Li et al., 2014). NF-kB pro-
tein usually forms homo/heterodimers from p65 and
p50, and is in an inactive state in the cytoplasm due to
the formation of a trimer complex with the inhibitory
protein IkB (Pantano et al., 2006). After being stimu-
lated by the pathogen, IkB is dissociated from the tri-
mer, and the NF-kB dimer is exposed to nuclear
localization sequences (NLS), which rapidly enter the
nucleus from the cytoplasm and bind to specific sequen-
ces on the nuclear DNA, and promoting the transcrip-
tion of related genes (Zhang and Ghosh, 2001). TNF-a
is the most important proinflammatory cytokine
involved in the activation of NF-kB, inducing the
expression of IL-1b, IL-6, COX-2, iNOS, and other
downstream inflammatory mediators (Rajendran et al.,
2018). Our results exhibited that AFB1 significantly
promoted the mRNA expression of inflammatory factors
TNF-a, IL-1b, IL-6 and inflammatory mediators COX-2
and iNOS, but the morin group significantly inhibited
the expression of these factors, indicating that morin
could effectively inhibit AFB1-induced inflammatory
response in chicks.
Studies have shown that oxidative stress is one of the

apoptosis-inducing factors (Chandra et al., 2000), and
many substances that induce apoptosis are generally
oxidants or stimuli in cell oxidative metabolism. The
activated of NF-kB may drive the transcription of proa-
poptotic factor genes or inhibit the expression of antia-
poptotic proteins. Meanwhile, caspase signaling
pathway and inflammatory response are in tandem. Cas-
pase-1 plays an important role in Il-1b secretion and cas-
pase-11 is a homology of human inflammatory caspase-
family members caspase-4 and caspase-5
(Van Opdenbosch and Lamkanfi, 2019). We confirmed
that AFB1 markedly boost the expression of caspase-1,
caspase-3, and caspase-11, while morin significantly
decreased the expression of these factors, confirming
that morin can effectively inhibit the activation of
AFB1-induced caspase signaling pathway in chicks.
Based on the above results, we confirmed that morin

can effectively alleviate AFB1-caused liver and kidney
damage in chicks, which can provide experimental basis
and theoretical reference for the practical application of
morin. In next research, the feeding mode with morin
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should be choose, such as drinking water, and more
chicks and older chicken are need to confirm the effect of
morin in poultry farming.
CONCLUSION

Morin, as a natural compound commonly found in
Chinese herbal medicines and dietary supplements, has
been fully researched and confirmed for its safety and
has received satisfactory results. Our experiments fur-
ther demonstrated that morin could effectively alleviate
AFB1-caused liver and kidney damage by inhibiting the
release of HETs, oxidative stress, inflammatory
response. Therefore, this study shows that morin has the
potential as a feed additive to protect the liver and kid-
ney of poultry, prevent of harmful substances in fodder
and improve the performance of poultry.
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