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Abstract
Kidney, as an important excretory organ in the body, is easily affected by various pathogenic factors. This
research aimed to explore the mechanism of mitigative role of salvia miltiorrhiza polysaccharides SMPs
on Florfenicol-caused renal injury in chickens. Kidney histological study and uric acid UA creatinine (Cr)
urea nitrogen (BUN) contents in serum was performed to assess the effects of FFC and SMPs on kidneys.
The expression of  key factors in NF-κB pathway were detected by RT-PCR and Western blot. We also
used ELISA to detect the expression of in�ammatory cytokines TNF-α, IL-1β and IL-6 in the kidney. The
results showed that SMPs could reduce the levels of UA, Cr, BUN and renal pathology of FFC-induced
kidney injury, and reduce the expressions of TNF-α, IL-1β and IL-6 in the kidney of broilers (P<0.05). 5.00
g/L SMPs inhibited the expression of NF-κBp65 and IκKβ in renal tissue, and the expression of IκBα was
increased (P<0.05). Conclusion: SMPs treatment can protect kidney injury of broilers by inhibiting NF-κB
signaling pathway.

Introduction
Kidney plays a major role in the excretion of metabolic waste and the regulation of extracellular �uid
volume electrolyte composition and acid-base balance. In addition, the kidneys also synthesize and
release many hormones (Sharma et al. 2020). In the broiler production process, Mycotoxin (Saleemi et al.
2020), high protein diet (Hong et al. 2020) and heat stress (Tang et al. 2020) can cause kidney injury.
These can cause damage and do not lead to immediate death of broilers, but can lead to impaired kidney
function, slow growth, reduced economic bene�ts, and no guarantee of food safety. These phenomena
are not to be sniffed at.

Salvia miltiorrhiza is a traditional Chinese medicine, which has the effect of activating meridians,
promoting blood circulation and dissipating blood stasis (Wang et al. 2017). The research of using salvia
miltiorrhiza to alleviate kidney injury has made great progress in modern times. Salvia miltiorrhiza can
reduce BUN and Cr levels in mice with lead poisoning (Han et al. 2021). Salvia miltiorrhiza can
signi�cantly improve the in�ltration of in�ammatory cells in SAP and OJ rats, protect glomerular
capillaries, and reduce the shedding and necrosis of renal tubular epithelial cells (Li et al. 2014). A large
number of experiments have shown that the polysaccharides of Salvia miltiorrhiza exhibit strong anti-
in�ammatory effects. Preliminarily proved that SMPs protected the in�ammatory response of RAW 264.7
cells induced by LPS by signi�cantly inhibiting the transcription of TNF-α, IL-6 and COX-2 mRNA, and the
expression of NF-κB, p-p65 and p-IκBα proteins (Han et al. 2018). Through the study of liver injury caused
by LPS/D-GalN combination, it was found that SMPs could effectively inhibit the TLR4/MyD88
in�ammatory signaling pathway and inhibit excessive in�ammatory response in the liver (Wang et al.
2019). SMPs can treat colitis in mice by inhibiting TLR4, mTOR, p-mTOR, NF-κBp65 (Peng et al. 2020).

With the deepening of clinical and experimental studies, more and more researchers have begun to realize
that the prevention of multiple organ injury is one of the key measures to shorten the course of disease
and reduce the mortality rate, among which the kidney is particularly important. Studies have shown that
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continuous feeding 0.15 g/L FFC from 1 to 6 days of age can cause renal injury (Wang et al. 2021).
Based on the important role of NF-κB in tissue injury, we speculated that the effective in�ammatory
response induced by FFC was due to the activation of NF-κB. In this study, the expression of NF-κB
pathway and its downstream genes in renal tissues of broilers treated with SMPs were detected. Hence, in
this study, we wanted to investigate mitigative effect of FFC on renal damage in a SMPs-treated chicken
model in order to provide a theoretical basis for the study of renal toxicity of FFC and the mitigation of
kidney in�ammation caused by FFC with SMPs.

Materials And Methods

2.1 Drugs and chemicals
Flufenicol solution (≥ 10% purity) were purchased from Shandong Shenniu Animal Pharmaceutical Co.,
Ltd.; Hematoxylin and eosin dyeing solution was purchased from Beijing Boaotuoda Technology Co., Ltd.;
UA, BUN, CRE was purchased from Nanjing Jiancheng Institute of Biological Engineering;IL-6, IL-1β, TNF-α
ELISA Kit was purchased from Shanghai Enzyme-Linked Biotechnology Co., Ltd.; EASTEP ® Super Total
RNA Extraction Kit, Go Taq ® PCR Master Mix; Go Script TM Reverse Transcription System was
purchased from Promega; BCA protein detection kit was purchased from Vazyme Biotech Co., Ltd; anti-β-
actin, anti-IκBα was purchased from Cell Signaling Technology; rabbit anti-p65, rabbit anti-IκKβ was
purchased from Bioss, anti-mouse or anti-rabbit was purchased from Beyotime.

2.2 Animal treatment and experimental design
180 one-day-old broilers were randomly divided into six groups (n = 30): the control group (A), the FFC
group (B), the SMPs control group (C), the FFC + 1.25 g/L SMPs (D), the FFC + 2.50 g/L SMPs (E) and the
FFC + 5.00 g/L SMPs (F)(Table 1).

Table 1
Experiment animal groups and treatment

Groups 0.15g /L FFC SMPs Concentration

A - -

B 0.15g /L FFC -

C - 5.00 g/L SMPs

D 0.15g /L FFC 1.25 g/L SMPs

E 0.15g /L FFC 2.50 g/L SMPs

F 0.15g /L FFC 5.00 g/L SMPs

At weeks 6, respectively, ten birds from each group were randomly chosen to euthanize. Blood was
collected from hearts to separate serum with a centrifuge at 4℃ and 3500 r/min for 10 min. Kidneys
were collected and were rinsed with physiological saline. Part of the kidney tissue was �xed with 4%
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formaldehyde solution, and part was cryopreserved in -80℃ refrigerator. The protocols of animals were
permitted by the Council for Animal Care in Hebei province.

2.3 Renal function indexes in chicken serum
The separated serum was operated according to the biochemical kit of UA, BUN and Cr according to the
instructions, and the content of each index in the serum was calculated.

2.4 Histological analysis
Renal tissues �xed in formaldehyde solution were dehydrated with alcohol at gradient concentration,
transparent with xylene, para�n impregnation, embedded, sectioning, and hematoxylin-eosin (H&E)
staining. The morphological and structural changes of renal tissue were observed under light microscope.

2.5 Detection of in�ammatory factors
10% renal tissue homogenate was prepared, and the contents of in�ammatory factors in renal tissue
were calculated according to IL-6, IL-1β, TNF-α ELISA kit.

2.6 Relative mRNA expressions
Total RNA of the kidney was extracted using total RNA extraction kit. The total RNA extracted by 1ul was
absorbed and detected on the RNA measuring instrument. The contamination and degradation of RNA
quality were identi�ed according to the value of OD260 nm/OD280 nm and OD260 nm/OD230 nm.
According to the measured data, the cDNA was synthesized using the reverse transcription kit. The
transcription levels of p65, IκBα and IκKβ genes were detected by RT-QPCR using β-Action as the
reference gene. The primers were designed and synthesized by Takara (Dalian, China). The setup
procedure of Light Cycler® 96 automatic quantitative �uorescence PCR instrument was as follows: pre-
denaturation at 95℃ for 30s, and 5s at 95℃;55 ℃ for 30 s;4 cycles of 72℃ 30s ampli�cation. 2−ΔΔCt

was used to calculate the transcription level of each target gene (Table 2).
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Table 2
Gene sequence and primers

Target Gene Primer sequence(5′-3′)

β-action Forward5′-ATTGTCCACCGCAAATGCTTC-3′

Reversed 5′-AAATAAAGCCATGCCAATCTCGTC-3′

IκBα Forward 5′-GTCCTGCAGGCCACCAACTA-3′

Reversed 5′-AGGTATTCGACAACAGCCAGGTATC-3′

IκKβ Forward 5′-CTGCCCGTGATGTTCCTGA-3′

Reversed 5′-CAGCAATGCTCCAGCTGATTC-3′

p65 Forward 5′-TGAACGGATCCGCACCAATA-3′

Reversed 5′-CGTTCACCCACACCTGGAAG-3′

2.7 Relative protein expressions
Extraction of Total Protein from Kidney Tissue 100mg of kidney was homogenized in 1ml RIPA lysate at
low temperature using a tissue homogenizer. The above renal tissue homogenate was transferred into a
centrifuge tube and centrifuged at a low temperature of 4℃ for 12000×g for 2min. The supernatant was
collected and a small amount of the supernatant was taken for the determination of protein content. After
SDS-PAGE electrophoresis, the protein samples were separated with 12% separation gel and 15%
concentrate gel. The sample size was 10 µL. After the gel electrophoresis, the proteins were transferred to
NC �lm, closed with 5% skimmed milk at 37°C for 2h, then brie�y rinsed with PBST, and incubated with
primary antibody at 4°C overnight. Wash the �lm with 1×PBST for 4 times, 15 min each, dilute secondary
antibody, incubate at 37°C for 2h, wash the �lm with 1×PBST for 4 times, 15min each, and use ECL
chemiluminescence solution for color development.

2.8 Statistical Analysis
Data were analyzed by one-way ANOVA analysis and χ2 test (IBM SPSS Statistics 21.0, Armonk, NY,
USA), and values are presented as means ± SD. Signi�cances were established at the P < 0.05 level, and
extremely signi�cances established at the P < 0.01 level. P values are symbolized as **(P < 0.01), *(P < 
0.05) representing signi�cant difference compared with the control group. P values symbolized as ## (P < 
0.01), #(P < 0.05) representing signi�cant difference compared with FFC treated groups.

Results

3.1 The effects of SMPs on Average Daily Gain
The Average Daily Gain for each group was shown in Table 3.There was no difference in broilers at 1 day
of age (P>0.05). At 42 days of age, the �nal body weight and average daily gain of the FFC group were
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lower than those of the control group (P < 0.01). Compared with FFC group, average daily gain of broilers
in 5.00 g/L SMPs group were increased (P < 0.05)(Table 3).

Table 3
the body index

Groups The initial body weight /g The �nal body weight /g Average daily gain /g

A 40.40 ± 3.69 2599.60 ± 407.12 62.44 ± 9.94

B 39.96 ± 4.65 2129.75 ± 187.08** 50.95 ± 4.58**

C 38.05 ± 3.33 2528.23 ± 174.34 60.75 ± 4.23

D 40.46 ± 2.76 2385.83 ± 171.04 57.21 ± 4.13

E 38.61 ± 3.75 2265.93 ± 118.89 54.27 ± 2.87

F 39.93 ± 3.87 2365.47 ± 99.91 59.93 ± 5.99#

Note: P values are symbolized as **(P < 0.01), representing signi�cant difference compared with the
control group. P values symbolized as # (P < 0.05) representing signi�cant difference compared with
FFC treated groups.

3.2 The effects of SMPs on the Biochemical Indexes
We examined renal function in broilers at 42 days of age. Compared with the control group, the Cr, BUN
and UA was signi�cantly increased (P < 0.05) or (P < 0.01). The contents of Cr, UA and BUN in serum were
decreased (P < 0.05) or (P < 0.01) in the 5.00 g/L SMPs. The contents of Cr and BUN in 2.50g/L SMPs
were decreased (P < 0.05), and the contents of Cr in 1.25g/L SMPs were decreased (P < 0.05) (Fig. 1).

3.3 Histological changes
Kidney histological study was performed to assess the effects of FFC and/or SMPs on kidneys at week 6.
For control group (Fig. 2a) and SMPs control group (Fig. 2c), tubular epithelial cells (TEC) were clearly
visible. For FFC group (Fig. 2b), we found the following histological changes: in�ammatory in�ltration (II),
vacuole (Va), erythrocyte blood cell (RBC) and the degeneration of tubular epithelial cells (DTEC). For
1.25g/l and 2.50g/L SMPs (Fig. 2d and Fig. 2e) vacuole and the erythrocyte blood cells were also
observed. However, 5.00 g/L SMPs was better(Fig. 2f), and the degree of cell in�ammatory in�ltration
was less, which was close to the kidney tissue morphology of control group.

3.4 The effects of SMPs on the levels of IL-6 IL-1β and
TNF-α
Compared with the control group, the renal in�ammatory factors in the FFC group were all up-regulated
(P < 0.01) or (P<0.05), and there was no difference in the SMPs control group. Compared with the model
group, IL-6 could be inhibited by all doses (P < 0.05) (Fig. 3a). The levels of TNF-α were decreased by 1.25
g/L and 2.50 g/L SMPs (P < 0.05) (Fig. 3c). 5.00 g/L SMPs decreased the level of IL-1β (P < 0.01)
(Fig. 3b).
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3.5 The effects of SMPs on the mRNA relative expression
of NF-κBp65 IκBα and IκKβ.
Compared with control group, the mRNA expression of NF-κBp65 and IκKβ in kidney tissue of the FFC
group was increased (Fig. 4b and Fig. 4c), and the expression of IκBα mRNA was decreased (P < 0.05) or
(P < 0.01) (Fig. 4a), but no difference was found in the SMPs control group. Compared with FFC group,
the mRNA expression levels of NF-κBp65 and IκKβ in SMPs groups were decreased (Fig. 4b and Fig. 4c),
while the mRNA expression levels of IκBα mRNA in 5.00 g/L SMPs group were increased(P < 0.05)
(Fig. 4a).

3.6 The effects of SMPs on the protein expression of NF-
κBp65 IκBα and IκKβ
Compared with control group, FFC caused the degradation of IκBα protein (P < 0.05). The 5.00 g/L SMPs
signi�cantly inhibited the degradation of IκBα protein induced by FFC (P < 0.05). FFC signi�cantly
increased the expression of p65 and Iκkβ protein (P < 0.05), while 5.00 g/L SMPs signi�cantly decreased
the expression of p65 and Iκkβ protein (P < 0.05). In addition, the 2.50 g/L SMPs signi�cantly decreased
the expression of IκKβ protein (P < 0.05) (Fig. 5).

Discussion
In�ammatory reaction is one of the most common renal dysfunction in broilers during production. there is
no reliable drug prevention and treatment and the prognosis is poor. NF-κB signaling pathway is one of
the most important mechanisms leading to renal injury. SMPs has anti-in�ammatory effect, can reduce
the in�ammatory response of a variety of diseases, and has the effect of inhibiting the in�ammatory
signal pathway. Studies have shown that SMPs can inhibit the expression of NF-κB induced by oxidative
stress and reduce LPS-induced liver injury. Based on the above mechanisms, this study was conducted to
investigate whether SMPs has protective effects on kidney injury in broilers, and whether its protective
effects on kidney injury in broilers are mediated by inhibition of NF-κB signaling pathway

In this study, a broiler model with kidney injury was successfully established by drinking 0.15 g/L FFC
mixed water for 5 days. Previous studies found that FFC exposure signi�cantly inhibited the growth
performance of broilers. (Han et al. 2021). Compared with model group, SMPs dosage groups increased
the daily gain of broilers in different degrees. In addition, there was no difference between the control
group and the SMPs control group, but the standard deviation was smaller, indicating that the growth
difference of the chicken group was smaller, and it was more suitable for collective breeding. A large
number of Traditional Chinese medicine polysaccharides were found to have the effect of promoting
weight gain. Studies have shown that APS can increase body weight, feed conversion rate and digestive
enzyme activities of broilers. (Wu. 2018.). SMWP-U&E can improve digestion and nutrient absorption of
weaned piglets, and have bene�cial effects on intestinal morphology and microbiota (Jiang et al. 2020).
Therefore, we found that SMPs can promote the growth of broilers.
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The kidney has the function of circulation and excretion, and is the target organ of poisons (Rubatto Birri
et al. 2010). Exposure to FFC causes microscopic changes in renal tissue, including congestion, swelling,
and tubular shape. This is consistent with previous research. (Wang et al. 2021) Cr, UA and BUN are
commonly used to assess the progression of kidney disease. Anhydride is a chemical waste produced by
muscles breaking down a compound called creatinine. As the blood passes through the kidneys, Cr is
�ltered and excreted in the urine (Baum et al. 1975). Elevated serum Cr level suggests impaired
glomerular �ltration function in broilers. Wang et al. found that FFC can cause the increase of serum BUN
in chickens and then cause kidney injury. Our results are consistent with previous research results (Wang
et al. 2021). Renal uric acid excretion is determined by the balance between uric acid reabsorption and
resecretion (Bobulescu et al. 2012). High protein diet can increase serum UA levels and cause kidney
damage in chickens (Guo et al. 2005). BUN is the end product of protein metabolism in the body. If renal
parenchyma is damaged and glomerular �ltration rate drops to the critical point, the level of BUN in the
blood will increase. In this experiment, the serum Cr, UA and BUN of broilers was signi�cantly increased.
These results suggest that FFC exposure has a negative effect on kidney growth and causes kidney
damage in chickens. The results showed that different doses of SMPs could improve the kidney injury
induced by FFC, and reduce the levels of Cr and BUN in broilers with kidney injury. With the increase of
SMPs, the levels of Cr and BUN decreased more obviously. At the same time, SMPs can improve the
pathological changes of renal tubules in broilers with kidney injury. Under light microscope, the kidney
injury of broilers pretreated with different doses of SMPs was signi�cantly improved, and with the
increase of SMPs, the kidney of control group was more likely. The results showed that SMPs could
reduce the kidney injury induced by FFC. In addition, SMPs has no negative effects on the kidneys.

Nuclear factor-kB (NF-κB) is a transcription factor that regulates immune and in�ammatory responses
under various conditions and plays a key role in in�ammation and immune responses (Morgan and Liu
2011; Oeckinghaus et al. 2011) The activation of NF-κB is mainly divided into normative pathway and
non-normative pathway. Typical pathways are induced by most physiological NF-κB stimuli, such as
cytokine receptors, antigen receptors, and pattern recognition receptors. This pathway depends on the
catalytic activities of IκKβ and mainly leads to the phosphorylation of IκBα and the nuclear translocation
of most heterodimer containing p65.In this study, we found that FFC-induced renal injury promoted NF-κB
phosphorylation and expression level of IκBα protein degradation. IκBα is the main protein that activates
NF-κB.NF-κB is isolated from the cytoplasm by direct interaction with inhibitor proteins of the IκB family,
such as IκBα. IκBα phosphorylation and degradation are critical for NF-κB activation, leading to rapid
translocation of NF-κB from cytoplasm to nucleus (Viatour et al. 2005). These results suggest that the
activation of NF-κB may be the cause of renal in�ammation in broilers. However, the expression of NF-
κBp65 and IκKβ in the renal tissue of FFC-induced acute kidney injury model could be inhibited by
different doses of SMPs, and the inhibition effect was more obvious with the increase of dose. Studies
have shown that SMPs can inhibit IKBα degradation, down-regulate the nuclear translocation of NF-κB,
and play an anti-in�ammatory role in liver injury in RAW264.7 Cells (Han et al. 2018). This study suggests
that the protective effect of SMPs on FFC-induced nephrotoxicity in broilers may be related to the
reduction of NF-κB activation.
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The expression level of NF-κB can directly affect the transcription of proin�ammatory factors. Over-
activation of proin�ammatory factors can induce the strong expression of TNF-α, IL-6 and ICAM-1,
thereby promoting multi-organ cytotoxicity (Wen et al. 2020).Complex in�ammation is regulated by a
network of cytokines and is evidenced by the production of many pro-in�ammatory markers, IL-6, IL-1β,
and TNF-α.Some studies have found that renal injury in broilers is associated with excessive release of
pro-in�ammatory factors (TNF-α, IL-1β, IL-6) (Wang et al. 2017).In this study, it was found that the levels
of TNF-α, IL-1β, IL-6 and other in�ammatory factors in the kidney of broilers in the model group increased
signi�cantly. SMPs can reduce the overexpression of TNF-α, IL-1β and IL-6. This is consistent with whose
research results (Han et al. 2018). The results showed that different doses of SMPs could signi�cantly
increase the expression of IκBα protein, reduce the expression of IκKβ protein and p65 protein into the
nucleus of kidney tissue of broilers, and reduce the production of TNF-α, IL-1β, IL-6 and other pro-
in�ammatory factors, so as to alleviate the renal injury induced by FFC. This was consistent with a
decrease in TNF-α, IL1β, and IL-6 levels in the kidney. Through the above studies, it was preliminarily
concluded that the mechanism of SMPs inhibiting the production of pro-in�ammatory factors TNF-α, IL-
1β, IL-6 and alleviating renal injury might be related to the inhibition of NF-κB signaling pathway.

Conclusion
Our study reinforces the viewpoint that SMPs can improve the Cr and BUN levels of broilers induced by
FFC, reduce renal tubular injury, and improve the renal injury induced by FFC. On the other hand, SMPs
can alleviate renal injury by down-regulating FFC-induced IκKβ expression and then increasing IκBα
expression, thereby reducing p65 entry into the nucleus and reducing the production of pro-in�ammatory
factors TNF-α, IL-1β, and IL-6. This study provides a theoretical basis for the treatment of kidney injury in
broilers with SMPS.
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Figures

Figure 1

We examined renal function in broilers at 42 days of age. Compared with the control group, the Cr, BUN
and UA was signi�cantly increased (P<0.05) or (P<0.01). The contents of Cr, UA and BUN in serum were
decreased (P<0.05) or (P<0.01) in the 5.00 g/L SMPs. The contents of Cr and BUN in 2.50g/L SMPs were
decreased (P<0.05), and the contents of Cr in 1.25g/L SMPs were decreased (P<0.05).
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Figure 2

Kidney histological study was performed to assess the effects of FFC and/or SMPs on kidneys at week 6.
For control group (Fig.a) and SMPs control group (Fig.c), tubular epithelial cells (TEC) were clearly visible.
For FFC group (Fig.b), we found the following histological changes: in�ammatory in�ltration (II), vacuole
(Va), erythrocyte blood cell (RBC) and the degeneration of tubular epithelial cells (DTEC). For 1.25g/l and
2.50g/L SMPs (Fig.d and Fig.e) vacuole and the erythrocyte blood cells were also observed. However,
5.00 g/L SMPs was better(Fig.f), and the degree of cell in�ammatory in�ltration was less, which was
close to the kidney tissue morphology of control group.

Figure 3

Compared with the model group, IL-6 could be inhibited by all doses (P<0.05) (Fig.a). The levels of TNF-α
were decreased by 1.25 g/L and 2.50 g/L SMPs (P<0.05) (Fig.c). 5.00 g/L SMPs decreased the level of IL-
1β (P<0.01) (Fig.b).
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Figure 4

Compared with control group, the mRNA expression of NF-κBp65 and IκKβ in kidney tissue of the FFC
group was increased (Fig.b and Fig.c), and the expression of IκBα mRNA was decreased (P<0.05) or
(P<0.01) (Fig.a), but no difference was found in the SMPs control group. Compared with FFC group, the
mRNA expression levels of NF-κBp65 and IκKβ in SMPs groups were decreased (Fig.b and Fig.c), while
the mRNA expression levels of IκBα mRNA in 5.00 g/L SMPs group were increased(P<0.05) (Fig.a).

Figure 5

Compared with control group, FFC caused the degradation of IκBα protein (P<0.05). The 5.00 g/L SMPs
signi�cantly inhibited the degradation of IκBα protein induced by FFC (P <0.05). FFC signi�cantly
increased the expression of p65 and Iκkβ protein (P<0.05), while 5.00 g/L SMPs signi�cantly decreased
the expression of p65 and Iκkβ protein (P<0.05). In addition, the 2.50 g/L SMPs signi�cantly decreased
the expression of IκKβ protein (P< 0.05).


