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ABSTRACT Although vaccines play a major role in
the prevention of infectious bronchitis (IB), Anti-IB
drugs still have great potential in poultry production.
Radix Isatidis polysaccharide (RIP) is a crude extract
of Banlangen with antioxidant, antibacterial, antiviral,
and multiple immunomodulatory functions. The aim
of this study was to explore the innate immune mech-
anisms responsible for RIP-mediated alleviation of
infectious bronchitis virus (IBV)-induced kidney
lesions in chickens. Specific-pathogen-free (SPF)
chicken and chicken embryo kidney (CEK) cells cul-
tures were pretreated with RIP and then infected with
the QX-type IBV strain, Sczy3. Morbidity, mortality,
and tissue mean lesion scores were calculated for IBV-
infected chickens, and the viral loads, inflammatory
factor gene mRNA expression levels, and innate
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immune pathway gene mRNA expression levels in
infected chickens and CEK cell cultures were deter-
mined. The results show that RIP could alleviate
IBV-induced kidney damage, decrease CEK cells sus-
ceptibility to IBV infection, and reduce viral loads.
Additionally, RIP reduced the mRNA expression lev-
els of the inflammatory factors IL-6, IL-8, and IL-1b
by decreasing the mRNA expression level of NF-kB.
Conversely, the expression levels of MDA5, TLR3,
STING, Myd88, IRF7, and IFN-b were increased, indi-
cating that RIP conferred resistance to QX-type IBV
infection via the MDA5, TLR3, IRF7 signaling path-
way. These results provide a reference for both further
research into the antiviral mechanisms of RIP and the
development of preventative and therapeutic drugs for
IB.
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INTRODUCTION

Infectious bronchitis virus (IBV) belongs to the fam-
ily Coronaviridae, the genus Gammacoronavirus, and
has been classified into a number of different serotypes
that cause acute and highly contagious disease in chick-
ens, causing huge losses to the poultry industry
(Kong et al., 2021; Zamzam et al., 2022; Zhang et al.,
2022). Studies have shown that the main clinical signs of
infectious bronchitis (IB) include coughing, sneezing,
breathlessness, open-mouth breathing, rales, and depres-
sion, and that IBV can affect the respiratory tract, kid-
neys, oviducts, ovaries, heart, liver, and bursa of
chickens (Ganapathy, 2021; Al-Rasheed et al., 2022;
Gallardo et al., 2022). Due to incomplete proofreading
mechanism of the coronavirus’ RNA polymerase and
gene recombination during genome replication, new var-
iants or recombinant IBV strains are constantly emerg-
ing, complicating the development of appropriate
control programs. The search for drugs capable of pre-
venting or treating IBV has therefore become a research
priority.
Banlangen is the dried root of Isatis indigotica Fort, a

plant of the cruciferous family. It is used in traditional
medicine for its heat-clearing and blood detoxification
properties, and is used to treat fever of external origin,
incipient warmth, sore throat, warm spots, mumps,
dampness, carbuncles, and sores (Wang et al., 2021).
Radix Isatidis polysaccharide (RIP), extracted from
Banlangen, is an active protein polysaccharide with mul-
tiple physiological functions such as antioxidant, anti-
bacterial, antiviral, and various immunomodulatory
functions (Zhou and Zhang, 2013), and its non-toxic and
residue-free characteristics are increasingly becoming
the focus of medical research (Ni et al., 2009; Du et al.,
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Table 1. Primer sequences for qPCR.

cDNA Primer sequences cDNA Primer sequences

IL-6-F TCCCTCCTCG TLR3-F GCAACACTTCATTG
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2013; Liu et al., 2017). Studies have shown that RIP can
prevent hepatitis B virus infection of HepG2.2.15 cells
by activating the JAK/STAT signaling pathway and
inducing antiviral proteins, inhibiting the expression of
SOCS1 and SOCS3, and promoting the production of
IFN-a (Echeverría-Bugue~no et al., 2021). In addition,
RIP has been shown to significantly suppress the expres-
sions of proinflammatory molecules, such as IL-6, IP-10,
MIG, and CC chemokine motif ligand 5 (CCL-5) post
H1N1 infection by inhibiting the TLR3 signaling path-
way (Li et al., 2017). After LPS stimulation, RIP can
also inhibit the production of reactive oxygen species
(ROS), lipid peroxidation, nitric oxide (NO), prosta-
glandin E2 (PGE2), TNF-a, IL-6, and IL-8 in mouse
alveolar macrophages (Shin et al., 2010). RIP has also
been shown to enhance resistance to endotoxin and
increase the expression levels of IL-2 and IFN-g in
immunocompromised mice as well as improve hemolysin
levels and enhance the phagocytic activity of macro-
phages to promote adaptive immune responses in mice
(Li et al., 2007; Zhao et al., 2008). The abuse of antibiot-
ics has become a major concern in animal husbandry,
and it has become imperative to find safe and effective
alternatives to antibiotics for use as feed additives that
can enhance immunity to viral infections. However, few
studies have investigated the molecular mechanistic
effects of RIP in the prevention and treatment of corona-
virus.

To explore the potential mechanisms exerted by RIP
against IBV, chicken were infected with the QX-type
IBV, which has been the most common IBV genotype in
China in recent years. We selected the MDA5 and TLR3
signaling pathways, which are associated with antiviral
immunity, to study the effects of RIP on IBV infection.
Morbidity and tissue mean lesion scores (MLS) of kid-
neys were calculated for infected chickens, and the viral
loads and mRNA expression levels of inflammatory fac-
tor genes and antiviral signaling pathway genes in the
kidneys of IBV infected chickens and CEK cells were
determined. This study will provide a preliminary
understanding of how RIP can be used against IBV
infection and provides a reference for the future use of
RIP in IB control.
CCAATCT AATAGCCTTGAT
IL-6-R GGCCCTCACG

GTCTTCT
TLR3-R GCCAAACA-

GATTTCC
AATTGCATGT

IL-1b-F AACCCGACC
AGGTCAACA

STING-R CGTGGCAGA
ACTACTTTCAG

IL-1b-R CGGTACATAC
GAGATGGAAA

STING-F TGACCGAGAGC
TCCAAGAAG

IL-8-F CACTTATGGCC
AAGGCTCAG

Myd88-F TGGAGAACTCA-
TAG AAAGAAGG

IL-8-R2 ACCGATGTGGA
AGGTGGAAG

Myd88-R TGGGGAAAGAC
TAAGAGCAAAT

IFN-b-F TTCTCCTGCA
ACCATCTTC

NF-kB-F CGACCTGGATGTC
AGGGACT

IFN-b-R GAGGTGGAG
CCGTATTCT

NF-kB-R TGGAGACATGTA
TGGCCGTT

MDA5-F TAAGTGGAAATA
CAGGAGGA

IRF7-F AAGCCCAAGGA
GTCCAAGC

MDA5-R TCTTTCCAACAG
ATGTTTCCA

IRF7-R GCTGACGTTGCC
ACTGTTGA

b-actin-F CTGACTGACCG
CGTTACTCC

b-actin-R CATACCAACCAT
CACACCCT
MATERIALS AND METHODS

Virus, Medicines, and Chicken Embryos

The China/Sichuan/QX-like/Sczy3/200904 strain
(Sczy3, GenBank JF732903, hereafter referred to as
zy) was isolated from IBV infected broiler chickens
(Sichuan, China) in 2009, and found to be a GI-19/
QX-like IBV (Xia et al., 2018). The Traditional
Chinese medicines RIP, Andro, and Astragalus poly-
saccharides (APS) were purchased from Yangling-
ciyuan Biotechnology company (Xi’an, China).
Specific-pathogen-free (SPF) chicken embryos were
obtained from Beijing Boehringer Ingelheim Vital
Laboratory Animal Technology Co., Ltd. (Beijing,
China) and were hatched in our lab. The zy strain
was propagated in 10-day-old SPF chicken embryos
and identified.
Quantitative Real-Time RT-PCR Validation
(RT-qPCR)

Total RNA was extracted from the kidney with Trizol
reagent (Thermo Fisher) and reverse-transcribed with
the Reverse TranscRIPtion Kit (Takara, Japan). For
the real-time RT-qPCR assays, specific primer pairs
were designed to amplify the viral RNA of IBV, the
mRNA of the inflammatory factors IL-6, IL-8, IL-1b,
and NF-kB, the mRNA of the innate immune related
genes MDA5, TLR3, STING, Myd88, IRF7, and IFN-b,
as well as b-actin, using Primer Premier 5.0 software
(Premier Biosoft International) (Table 1). The proce-
dure for the quantification of viral load was performed
as described previously (Li et al., 2022).
Animal Test

SPF chickens were randomly divided into eight
groups, including control (n = 10 chicken), zy (n = 12),
Andro (n = 12), APS (n = 12), RIP (n = 12),
Andro + zy (n = 22), APS + zy (n = 22), and RIP + zy
groups (n = 22), and kept in a negative pressure isolator.
Chicken were held in separate biosafety level 2 (BSL2)
isolators with ad libitum access to food and water and
maintained under uniform standard conditions.
The Andro and Andro + zy groups were treated with

Andro at a dose of 20 mg/kg/d; the RIP and RIP + zy
groups were treated with RIP at a dose of 20 mg/kg/d;
the APS and APS+zy groups were treated with APS at
a dose of 20 mg/kg/d at 11 to 18 days of age. All treat-
ments were administered orally. At the same time, the
control and zy groups received the same volume of
ddH2O. At 19 d of age, the zy, Andro + zy, APS + zy,



Figure 1. Schematic diagram of the experimental design. Note: The Andro and Andro + zy groups were treated with Andro at a dose of 20 mg/
kg/d; the RIP and RIP + zy groups were treated with RIP at a dose of 20 mg/kg/d; the APS and APS + zy groups were treated with APS at a dose
of 20 mg/kg/d at 11 to 18 d of age. All treatments were administered orally. The control and zy groups received the same volume of ddH2O. At 19 d
of age, the zy, Andro + zy, APS + zy, and RIP + zy groups were infected with zy at a dose of 105 EID50 per chicken in 0.2 mL via the intraocular
and intranasal routes. The control, Andro, APS, and RIP groups received 0.2 mL of sterilized PBS.
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and RIP + zy groups were each infected with zy at a
dose of 105 EID50 per chicken in 0.2 mL via the intraocu-
lar and intranasal routes (Figure 1). The control, Andro,
APS and RIP groups received 0.2 mL of sterilized PBS.
Clinical signs were observed for 3 d and the morbidity
determined. At 3 and 5 d postinfection (dpi), 5 chickens
in each group were randomly selected and euthanized,
respectively. Then, the percentage of swollen kidneys
with tubules and ureters distended with urates at 5 dpi
were calculated. Moreover, mean lesion scores (MLS)
for the kidneys at 3 and 5 dpi were calculated. The gross
lesions of the kidneys were scored as follows: 0 points,
normal; 1 point, kidney swelling; and 2 points, mottled
kidney. The medicine that best suppressed clinical
symptoms and alleviated renal lesion development fol-
lowing IB infection was used in the subsequent study.
One kidney from each chicken was obtained and stored
in liquid nitrogen for subsequent RT-qPCR analysis,
while the other kidney was subjected to histopatholog-
ical analysis. Kidneys with different lesion scores were
collected and stored in 10% neutral formalin for 24 h,
embedded in paraffin, and stained with hematoxylin
and eosin (HE) before being observed under a standard
light microscope. Quantification of viral load and the
mRNA levels of the inflammatory factors and innate
immune related genes were performed as described
above.
Cell Infection Tests

CEK cells were prepared and cultured as previously
described (Li et al., 2007). Primary CEK cells were pre-
pared from the kidneys of 18 to 20-day-old SPF chicken
embryos and cultured in 48-well cell culture plates with
Dulbecco’s Modified Eagle Medium (DMEM; Gibco,
Grand Island, NY) supplemented with 10% fetal bovine
serum (FBS; Zhejiang Tianhang Biological Technology
Stock Co., Ltd., Zhejiang, China), penicillin (100 U/
mL), and streptomycin (100 mg/mL). The zy strain was
propagated in primary CEK cells cultured in DMEM
supplemented with 2% FBS at 37°C under 5% CO2.
The CEK cell cultures were divided into four groups
(control, RIP, zy, RIP + zy) when the confluency
reached 70 to 80%. The RIP and RIP + zy groups were
incubated with 200 mg/mL RIP dissolved in DMEM
containing 2% FBS and the other two groups were incu-
bated with DMEM containing 2% FBS. After 24 h, the
RIP was removed from the CEK cell cultures, and the
zy group and RIP + zy group CEK cells were infected
with 100 TCID50 of zy strain and cultured in DMEM
with 2% FBS, while the control and RIP groups were
not infected. The CEK cells were collected at 12, 24, 36
h postinfection (hpi) and subjected to RT-qPCR analy-
sis as described above.
Statistical Analysis

The data were analyzed using SPSS version 24 (Chi-
cago, IL) and expressed as the means § standard devia-
tions (SD). All the qPCR assays were repeated in
triplicate, and the relative expression levels were mea-
sured in terms of threshold cycle (Ct) values and normal-
ized via the formula 2�ΔΔCt. Differences between groups
were compared using one-way analysis of variance
(ANOVA) followed by Tukey’s honestly significant dif-
ference (HSD) test. Data were expressed as mean § SD.
The significant thresholds were; P < 0.05 was considered
significant, P < 0.01 was considered highly significant, P
< 0.001 was considered very highly significant, while P
< 0.0001 was considered very highly significant.
RESULTS

Clinical Signs and Pathological Lesions

In the zy group, IB symptoms appeared 1 dpi and
spread rapidly to the entire group, becoming significantly
worse on 2 dpi. The chicken exhibited gasping, coughing,
sneezing, tracheal rales, and nasal discharge symptoms.
By 3 to 5 dpi, clinical signs such as depression, ruffled
feathers, white droppings and increased water intake
among infected chicken were obvious. Feed consumption
and weight gain were significantly reduced. Morbidity



Figure 2. Renal swelling and swollen kidney with tubules and ureters distended with urates under different treatments. (A) Control; (B) RIP;
(C) zy; and (D) RIP + zy.

Figure 3. The mean lesion scores for the kidneys of the zy and RIP
+zy groups at 3 and 5 dpi.
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rates for zy, Andro + zy, APS + zy, and RIP + zy groups
were 83.3% (10/12), 63.6% (14/22), 59.1% (13/22), and
31.8% (7/22), respectively. At 5 dpi, kidneys from zy-
infected chicken had swelled while the tubules and ureters
were enlarged with urates (Figure 2). In the zy,
Andro + zy, APS + zy, and RIP + zy groups, the percen-
tages of swollen kidneys with tubules and ureters dis-
tended with urates were 60.0% (3/5), 0%, 20.0% (1/5),
and 20.0% (1/5), respectively. Even though difference in
MLS values between zy challenge group and RIP + zy
group at 3 dpi was not significant, the RIP + IBV group
had the lowest MLS value compared to the Andro + IBV
and APS + IBV groups at 5 dpi (Figure 3).

The HE staining results showed that, in the zy infec-
tion group, vasodilatation, congestion, lymphocytic infil-
tration in kidneys, vacuolar degeneration, necrosis, and
shedding of tubular epithelial cells, glomerular capsule
dilation, necrosis and atrophy of glomeruli epithelial
cells were observed. In the RIP + zy group, cell arrange-
ment was neater and renal tubular epithelial cell struc-
tures were clearer, relative to the zy group. These
findings imply that RIP significantly suppressed degen-
eration, necrosis, as well as atrophy of glomerular epithe-
lial cells and lessened lymphocytic infiltration (Figure 4).
Viral Load Quantification in Kidneys of
Chickens Infected by IBV zy Strain

We quantified the viral loads in the kidneys of the
zy and RIP + zy groups. We found that the mean
viral load in the kidneys of the RIP + zy group was
Figure 4. The effect of RIP on the histopathological changes (lesions) of chicken kidneys exposed to zy (200 £ magnification). (A) Control; (B)
zy; and (C) RIP+zy.
significantly lower than that measured in the kidneys
of the zy group at 3 dpi and 5 dpi. The mean viral
load in the RIP + zy group was found to be 4 times
lower than that of the zy group at 5 dpi (Figure 5).
It was found that RIP reduced the viral load in zy-
infected kidneys at 3 and 5 dpi.
RIP Suppressed the Expressions of
Inflammatory Cytokines in the Kidneys of
Chickens Infected with IBV zy Strain

We measured the relative mRNA expression levels
of the major antiviral inflammatory factors IL-6, IL-
1b, IL-8, and IFN-b in the kidneys of the chickens
(Figure 6). The results showed that there were no



Figure 5. The viral loads in the kidneys of chickens in the zy and
RIP + zy groups at 3 dpi and 5 dpi. Data are expressed as the means §
SD, n = 5. *P < 0.05, **P < 0.01, ***P < 0.001.
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differences in the mRNA expression levels of IL-6, IL-
1b, and IL-8 between the control group and the RIP
group at 3 and 5 dpi. At 3 and 5 dpi, IL-6, and IL-1b
expression levels were significantly upregulated in the
zy group compared to the control group, whereas IL-
8 expression levels were significantly upregulated at 5
dpi. Conversely, IFN-b expression levels were signifi-
cantly downregulated in the zy group at 3 and 5 dpi
compared to the control group. This demonstrates
that IBV disrupts the homeostasis of the organism,
causing a significant upregulation of proinflammatory
factors and a decrease in the expression of antiviral
interferon. Expressions of IL-6, IL-1b, and IL-8 were
significantly downregulated in the RIP + zy group
compared to the zy group at 5 dpi. IFN-b expression
levels at 3 and 5 dpi were significantly upregulated in
the RIP + zy group, compared to the zy group.
Thus, RIP alleviated the increase in inflammatory
cytokines levels in zy-infected kidneys.
Figure 6. Effects of RIP on cytokines in chicken kidneys infected with z
(D) IFN-b. Data are expressed as the means § SD, n = 5. #P < 0.05, ##P <
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, compared to the zy group
RIP Conferred Resistance to Infection of
Chicken with IBV zy Strain via the MDA5/
TLR3/IRF7 Signaling Pathways

Wemeasured the mRNA expression levels of the genes
involved in the MDA5 and TLR3 signaling pathways
(Figure 7). It was found that TLR3, STING, MyD88,
and NF-kB expression levels did not differ significantly
between the control and RIP groups at 3 and 5 dpi.
MDA5 and IRF7 expression levels were significantly
increased in the zy group compared to the control group
at 3 and 5 dpi, whereas STING expression levels were
significantly upregulated at 5 dpi. No significant differ-
ence in Myd88 expression levels was found between the
zy group and the control group at 3 dpi but they were
significantly downregulated at 5 dpi. The mRNA expres-
sion levels of NF-kB in the zy group showed significant
downregulation at 3 dpi compared to the control group,
but significant upregulation at 5 dpi. Compared to the
zy group, mRNA expressions of MDA5, TLR3, STING,
MyD88, and IRF7 in the RIP + zy group were signifi-
cantly upregulated at 3 and 5 dpi. The mRNA expres-
sion levels of NF-kB were significantly downregulated in
the RIP + zy group compared to the zy group at 5 dpi.
These results show that RIP inhibited zy-infection of
chicken via the MDA5/TLR3/IRF7 signaling pathways.
Principal Component Analysis

To observe the relationship between the mRNA
expression levels of inflammatory factors, innate
immune factors and the antiviral effect of RIP, a princi-
pal component analysis was performed. First, 3 principal
components were extracted, each with an eigenvalue of
greater than one and with 93.546% of the variance of the
y. Relative mRNA expression levels of (A) IL-6, (B) IL-1b, (C) IL-8, and
0.01, ###P < 0.001, ####P < 0.0001, compared to the control group;
.



Figure 7. Effects of IPR on MDA5/TLR3 and downstream signaling pathways in the kidneys of chickens infected with zy. Relative mRNA
expression levels of (A) MDA5, (B) TLR3, (C) STING, (D) Myd88, (E) NF-kB, and (F) IRF7. Data are expressed as the means § SD, n = 5. #P <
0.05, ##P < 0.01, ###P < 0.001, ####P < 0.0001, compared to the control group; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, compared
to the zy group.

Table 2. Principal components and extracted sums of variance
for the chickens.

Component Total % of Variance Cumulative %

1 6.544 65.444 65.444
2 1.589 15.887 81.332
3 1.221 12.215 93.546
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3 principal components. Therefore the 3 principal com-
ponents represent most of the variance of the results
(Table 2).

Next, a rotated component matrix analysis was per-
formed. The results showed that principal component 1
had a greater positive correlation with IL-8, MDA5,
TLR3, STING, Myd88, and IRF7, and a greater nega-
tive correlation with NF-kB. Interestingly, principal
component 2 had a greater positive correlation with IL-
b, IFN-b, and TLR3, while principle component 3 had a
greater positive correlation with IL-6 (Table 3).
Table 3. The rotated component matrix.

Indicators Component 1 Component 2 Component 3

Relative mRNA expres-
sion of IL-6

�0.137 �0.092 0.973

Relative mRNA expres-
sion of IL-1b

0.497 0.841 0.095

Relative mRNA expres-
sion of IL-8

0.877 �0.068 �0.249

Relative mRNA expres-
sion of IFN-b

�0.033 0.871 �0.170

Relative mRNA expres-
sion of MDA5

0.895 0.413 �0.057

Relative mRNA expres-
sion of TLR3

0.668 0.710 �0.014

Relative mRNA expres-
sion of STING

0.898 0.360 �0.177

Relative mRNA expres-
sion of MyD88

0.835 0.464 0.258

Relative mRNA expres-
sion of NF-kB

-0.809 �0.031 �0.578

Relative mRNA expres-
sion of IRF7

0.750 0.604 0.055
The scores for each principal component were then
calculated (Table 4). First, the scores for the inflam-
matory factors were calculated and the results
showed that the RIP group and the zy group had a
greater effect on principal component 1 and that
these two groups showed an opposing state. It is
worth noting that the zy group had a greater effect
on principal component 3. Additionally, the scores
for the control, RIP + zy, and RIP groups were simi-
lar, indicating that the influence of these two groups
on the three principal components was similar, while
the difference between the zy group and the other 3
groups was greater, indicating that the influence of
zy on the 3 principal components was very different
from the other three groups.
The scores for each of the three principal compo-

nents were then used to calculate the group-specific
scores for each principal component to calculate the
scores for the innate immune factors (Table 5). The
results showed that RIP + zy had a greater effect on
principal component 1 and the control group had a
greater effect on principal component 2. The control,
RIP + zy, and RIP groups differed significantly from
the zy group in their scores for the three principal
components, demonstrating that the effect of zy on
these 3 principal components differed significantly
from the other 3 groups.
RIP Suppressed the Viral Load in CEKs after
Infection of IBV zy Strain

To confirm that RIP can inhibit zy proliferation
in CEK cells, we quantified the viral loads in the
zy and RIP + zy groups at 12, 24, and 36 hpi
(Figure 8). The RIP + zy group exhibited a signifi-
cant decreasing trend when compared to the zy
group at 24 and 36 hpi. These results imply that
RIP suppressed the viral load in zy-infected CEKs
at 24 and 36 hpi.



Table 5. Scores for the four chicken groups for the four innate immune pathway gene principal components.

Group Component 1 Component 2 Component 3 Total Bankin

Control �0.369132199 0.865 �0.086906822 0.408960979 2
RIP �0.130260379 �0.448284608 0.118196837 �0.46034815 3
zy �0.25320086 �0.491950364 0.100341776 �0.644809448 4
RIP+zy 0.644041209 0.275781946 �0.116720267 0.803102888 1

Table 4. Scores for the four chicken groups for the three inflammatory factor principal components.

Group Component 1 Component 2 Component 3 Total Bankin

Control 0.002329686 �0.047242835 �0.056655986 �0.101569135 4
RIP 0.489855036 �0.233999923 �0.213982664 0.041872448 2
zy -0.787009462 0.17004884 0.684338753 0.06737813 1
RIP+zy 0.373432717 �0.105605499 �0.357759171 �0.089931953 3

RIP RESISTS THE INFECTION OF IBV 7
RIP Alleviated the Increase in Inflammatory
Cytokine Levels in CEK Cells Infected with zy
Strain

To investigate whether RIP can reduce inflammatory
factors in vitro, we examined the mRNA expression lev-
els of IL-6, IL-1b, IL-8, and IFN-b in CEK cell cultures
at 12, 24, and 36 hpi (Figure 9). The results show that in
the zy group, IL-6, IL-1b, and IL-8 levels were signifi-
cantly increased at 24 and 36 hpi, compared to the con-
trol group. Compared to the zy group, IL-6, IL-1b, and
IL-8 expressions were significantly decreased at 24 and
36 hpi in the RIP + zy group. At 12 and 24 hpi, the
IFN-b expression levels significantly increased in the zy
group compared to the control group, and compared to
the zy group, the IFN-b expression levels significantly
increased in the RIP + zy group. These results show
that RIP alleviated the increase in inflammatory cyto-
kines levels in CEK cells infected with zy strain.
RIP Conferred Resistance to Infection of
CEK cells with zy Strain via the MDA5/TLR3/
IRF7 Signaling Pathways

To investigate the expression of the signaling path-
ways induced by zy infection in CEK cells by RIP, we
examined the mRNA expression levels of MDA5, TLR3,
STING, MyD88, NF-kB, and IRF7 in CEK cell cultures
Figure 8. The mRNA expression of viral load in the zy and
RIP + zy groups at 12 and 24 hpi. Data are expressed as the means §
SD, n = 5, *P < 0.05, **P < 0.01, ***P < 0.001.
at 12, 24, and 36 hpi (Figure 10). The results show that
the mRNA expression levels of MDA5, TLR3, STING,
MyD88, NF-kB, and IRF7 in the zy group were signifi-
cantly increased at 24 and 36 hpi, compared to the con-
trol group. Expression levels of MDA5 in the RIP + zy
group significantly increased at 24 hpi compared to the
zy group, with no significant changes observed at the
other time points. Compared to the zy group, expression
levels of TLR3, STING, MyD88, and IRF7 were signifi-
cantly elevated in the RIP + zy group at 12, 24, and 36
hpi. Compared to the zy group, NF-kB expressions in
the RIP + zy group were significantly suppressed at 24
and 36 hpi. These results show that RIP inhibited zy
infection of CEK cells via the MDA5/TLR3/IRF7 sig-
naling Pathways
DISCUSSION

IBV is an economically significant poultry disease that
severely affects the respiratory tract, kidneys, and ovi-
ducts of poultry (Abaidullah et al., 2021). With the
emergence of new IBV variant strains and the lack of
cross-protective immunity between different IBV sero-
types (Bande et al., 2015; Feng et al., 2015), immune
failure is a frequent occurrence. In China, IBV strains
can be classified into at least seven genotypes: QX, TW,
4/91, Mass, HN08, LDT3, and Tc07-2, and QX geno-
type is still the dominant epidemic strain in China
(Lee et al., 2021; Zhang et al., 2022).
In this study, we selected RIP for further investigation

on the basis of the clinical observations and lesion scores.
It was demonstrated that at 3 and 5 dpi, the RIP + zy
group had a significantly lower viral load compared to
the zy group. A high correlation between viral load and
the MLS value was observed. The main pathological
changes seen include the detachment of renal tubular
epithelial cells, vacuolar degeneration, vasodilatation,
and congestion in the zy group. Conversely, in the
RIP + zy group, the main pathological changes, includ-
ing glomerular epithelial cell degeneration, necrosis and
lymphocytic infiltration were reduced. Studies have
shown that the ameliorative effect of RIP on IBV-
induced tissue damage is consistent with the anti-IBV



Figure 9. Effects of RIP on cytokine levels in CEK cells treated with zy. Relative mRNA expression levels of (A) IL-6, (B) IL-1b, (C) IL-8, and
(D) IFN-b. Data are expressed as the means § SD, n = 5; #P < 0.05, ##P < 0.01, ###P < 0.001, ####P < 0.0001, compared to the control group;
*P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001, compared to the zy group.
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effect of other herbal extracts (Zhang et al., 2017;
Chen et al., 2019a; b; Wang et al., 2021).

Cytokines play an important role in disease preven-
tion and treatment, particularly in infection, inflamma-
tion, and cancer (Guo et al., 2012; Li et al., 2017;
Fan et al., 2019; Meng et al., 2019). Inflammatory fac-
tors are significantly elevated in IBV-infected cells, pro-
moting tissue lesion and inducing apoptosis. Therefore,
inflammatory factors play an important role in inhibi-
tion of IBV infections (Zhang et al., 2021). The SARS-
CoV infection is known to increase the expressions of
inflammatory factors, including IL-1, IL-6, and IL-8,
and IBV is similar (Dos Santos et al., 2022). Studies
have shown that IBV infection is followed by a signifi-
cant upregulation of the body’s inflammatory factors,
Figure 10. Effects of IPR on MDA5/TLR3 and downstream signal path
levels of (A) MDA5, (B) TLR3, (C) STING, (D) Myd88, (E) NF-kB, and (F
0.01, ###P < 0.001, ####P < 0.0001, compared to the control group; *P < 0
including IL-1, IL-6, IL-1b, TNF-a, and MIP-1b
(Xiao et al., 2008; Liao et al., 2011; Dar et al., 2014;
Zhu et al., 2021; Tang et al., 2022). The results of our
study show the same trend and are thus consistent with
previous studies. NF-kB can inhibit the production of
antiviral interferon and promote the secretion of inflam-
matory factors that lead to epithelial tissue damage fol-
lowing coronavirus infection (Abaidullah et al., 2021).
Some medicines can suppress inflammatory factor
expressions by inhibiting the NF-kB signaling pathway.
For instance, Licl has been shown to suppress the inflam-
matory response induced by IBV by downregulating the
inflammation-related genes NF-kB, NLRP3, TNF-a,
and IL-1b (Liu et al., 2022). The Chinese medicines
Astragalus polysaccharide, forsythoside A, chlorogenic
ways in CEK cells cultures treated with zy. Relative mRNA expression
) IRF7. Data are expressed as the means § SD, n = 5; #P < 0.05, ##P <
.05, **P < 0.01, ***P < 0.001,****P < 0.0001, compared to the zy group.
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acid, Shegandilong Granule, and Doxycycline was found
to modulate the inflammatory response induced by IBV
by suppressing NF-kB expression and thus the expres-
sion levels of inflammatory factors (Li et al., 2011;
Zhang et al., 2017; Abaidullah et al., 2021; Feng et al.,
2021). The present study showed that RIP could reduce
the expression levels of the inflammatory factors IL-6,
IL-8, and IL-1b by decreasing the expression levels of
NF-kB, similar to previous studies (Li et al., 2011;
Feng et al., 2021).

Regarding the antiviral mechanisms of RIP, we postu-
lated that the anti-IBV effect of RIP may be related to
the TLR3, TLR7, and MDA5 signaling pathways, since
TLRs, MDA5, and adapter molecules are involved in
the recognition of IBV RNA (Xu et al., 2015;
Jahan et al., 2020; He et al., 2022). MDA5 consists of
two N-terminal cysteine/aspartate protease (caspase)
and activation recruitment domain (CARD) structural
domains (Dias Junior et al., 2019; Jahan et al., 2020).
Upon sensing double-stranded RNA, a conformational
change occurs, oligomerizing and exposing the N-termi-
nal CARD structural domain and interacting with the
CARD structural domain of the signal adaptor, mito-
chondrial antiviral signaling protein MAVS (Yu et al.,
2017). MAVS then signals downstream to activate the
IkB-associated kinases, TBK1, and IKKe
(Kowalinski et al., 2011), which phosphorylate and
induce IRF7 and NF-kB translocation, leading to the
production of interferons (IFNs) and inflammatory fac-
tors (Belgnaoui et al., 2011; Zhou et al., 2020). STING,
a molecule downstream of MDA5, is a central adaptor
molecule that links the DNA and RNA-sensing pathway
and activates IFN-b production, and interacts with
MAVS and forms a stable complex in response to viral
infection (Ishikawa and Barber, 2008; Nazmi et al.,
2012). Other traditional Chinese medicines have also
been shown to exert their antiviral effects through simi-
lar mechanisms. Hypericum perforatum L. was shown to
affect IBV replication by upregulating MDA5, MAVS,
IFN-a, IFN-b, and downregulating NF-kB, IL-6, and
TNF-a in CEK cells, the trachea, and the kidney
(Chen et al., 2019). Chlorogenic acid affects IBV replica-
tion by upregulating MDA5, MAVS, TLR7, MyD88,
IRF7, IFN-a, and IFN-b in the trachea and lung
(Abaidullah et al., 2021). Myricetin exerts antiviral
effects on IBV by enhancing ubiquitin modifications of
TRAF3 and TRAF6, which PLpro inhibits, and upregu-
lating the activation of the IRF7 signaling pathway
(Peng et al., 2022). The present study shows that RIP
increased the downstream expression of IFN-b via
increasing the MDA5, TLR3, STING, MyD88, and
IRF7 signaling pathways in the kidney and CEK cells to
resist viral infection, similar to the results of previous
studies.

RIP inhibits the production of inflammatory factors
by suppressing the NF-kB signaling pathway and acti-
vating the MDA5 and TLR3 signal pathways to fight
the virus. This suggests a correlation between the ability
of RIP to modulate inflammatory factors and the innate
immune pathways in RIP-treated and zy-infected
kidneys. Therefore, we used principal component analy-
sis to analyze the correlation between the inflammatory
factors and the genes related to the immune pathways
that are modulated by RIP (Chen et al., 2017; Li et al.,
2017; Tan et al., 2017; Xing et al., 2018). The results
show that principal component 1 had a large positive
correlation with IL-8, MDA5, TLR3, STING, Myd88,
and IRF7, suggesting that component 1 may represent
components associated with the body’s resistance to
viral invasion. In contrast, components 2 and 3 showed
a greater correlation with IL-6 and IL-8, and it is possi-
ble that these components are more relevant to inflam-
mation. Based on the three principal component
inflammatory factor scores, the RIP and zy groups had a
greater effect on principal component 1, and the scores
of the control, RIP + zy, and RIP groups were similar,
while the differences between the zy group and the other
three groups were greater, indicating that the effect of
zy on the three principal components differed signifi-
cantly from the other 3 groups. According to the three
main components of antiviral natural immune pathway
genes, the effect of zy + RIP on principle component 1
was greater and positively correlated, suggesting that
RIP is responsible for increasing the expressions of genes
associated with innate immune pathways, enhancing
resistance to viral invasions. Scores of the control,
RIP + zy, and RIP groups differed more from the zy
group in the three main components, proving that the
effect of zy on these three main components was very dif-
ferent from the other three groups. This indicates that
RIP treatment can attenuate zy-induced inflammatory
kidney injury and zy viral invasion in chickens.
CONCLUSION

In conclusion, this study demonstrates that the anti-
IBV properties of RIP may be linked to an inhibition of
proinflammatory cytokines, including IL-1b, IL-6, and
IL-8 via the NF-kB signaling pathway, and to an upre-
gulation of IFN-b levels via the TLR3 and MDA5 signal-
ing pathways. RIP alleviates kidney enlargement and
kidney cell tissue damage while reducing viral load. Fur-
ther studies are required to elucidate the additional
molecular mechanisms to gain a deeper insight into the
anti-IBV properties of RIP.
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