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Protective Effects and Mechanisms of Shenhua Tablet
(54 ) on Toll-Like Receptors in Rat Model of
Renal Ischemia-Reperfusion Injury*

LI Qing-ping, WEI Ri-bao, YANG Xi, ZHENG Xiao-yong, SU Ting-yu,
HUANG Meng-jie, YIN Zhong, and CHEN Xiang-mei

ABSTRACT Objective: To investigate the protective effects and potential mechanisms of Shenhua Tablet (‘54 4,
SHT) on the toll-like receptors (TLRs)-mediated signaling pathways in a rat model of kidney ischemia-reperfusion
injury (IRl). Methods: Sixty male Wistar rats were randomly divided into 5 groups: sham surgery, model control,
astragaloside (150 mgrkg™d™), low- and high-dose SHT (1.5 and 3.0 g’kg™d™, repectively) groups. One week after
drug treatment, rats underwent surgery to establish the IRl models. At 24 h and 72 h after the modeling, serum
creatinine (Scr) and blood urea nitrogen (BUN) were analyzed; pathological damage were scored after periodic
acid-Schiff staining. TLR2, TLR4 and myeloid differentiation factor 88 (MyD88) protein and mRNA expressions
were detected by inmmunohistochemistry, Western blot and gPCR. Tumor necrosis factor a (TNF-a) and
interleukin-6 (IL-6) protein expressions were detected by enzyme linked immunosorbent assay. Results: Compared
with the sham group, the model group exhibited severe change in renal function (Scr: 189.42 +21.50, P<0.05),
pathological damage (damage score: 4.50 + 0.55, P<0.05), and the expression levels of TLR2, TLR4, MyD88,
TNF-«, IL-6 were significantly higher than other groups. Meanwhile, the levels of TLRs in model group showed
upward tendency from 24 to 72 h, unparalleled with pathological and functional changes. The aforementioned
parameters were alleviated to a certain extent, and, in addition to TLRs, presented the obvious downward trending
from the 24 to 72 h after the intervention in the SHT and astragaloside groups relative to the model (P<0.05); in
particular, the most significant mitigation of these changes was observed in the SHT-H group (P<0.05). Conclusions:
TLRs may be an important spot to treat and research in acute kidney injury. SHT could effectively mitigate renal
injuries and promote recovery of IRl injuries through suppression of degeneration induced by up-regulation of TLR2
and TLR4 expression levels in the MyD88-dependent signaling pathway and exhibit some dose dependence.
KEYWORDS Shenhua Tablet, Chinese medicine, kidney injury, toll-like receptors, myeloid differentiation factor
88, ischemia-reperfusion injury

Acute kidney injury (AKI) mediated by renal
ischemia-reperfusion injury (IRI) often takes place
in clinical works. As the major cause of AKIl, renal
IRI is associated with high morbidity."” The exact
molecular mechanisms underlying renal IRl is not
fully researched clearly, point of view on research
involve inflammation, oxidative stress, necrosis, and
so on.® However, the important role of the immune-
inflammatory response to IRl has been widely
understood. In particular, many studies have examined
the relationship between IRI and toll-like receptors
(TLRs), which are inflammatory receptors activating the
innate immune response and onset of necrosis in the
pathogenesis of renal IRI.“® These investigations have
provided approaches to clinical interventions in AKI.

Shenhua Tablet (‘54 5, SHT) is a traditional

Chinese drug that has been used clinically for many
years in People's Liberation Army (PLA) General
Hospital. It has won a national invention patent
(ZL No. 03146504.8). Our previous studies have
demonstrated that hundreds IgA nephropathy patients
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obtained clinically proteinuria reduction, protection of
renal function and alleviation of glomerulosclerosis by
receiving treatment of SHT.®'” Furthermore, SHT can
produce effect of remission in rats renal IRl though
increasing reduced levels of Na*-K*-ATPase."" This
study will utilized a rat kidney model of IRI to further
investigate the association between the extent of
renal tissue damage and the immune-inflammatory
response as well as the protective mechanisms of
SHT for renal IRI, particularly with respect to the
effects of SHT on the regulation mechanisms of the
inflammatory receptors TLR2 and TLR4.

METHODS

Drugs and Reagents Preparation

SHT (0.6 g/tablet, with each tablet having
3.095 g of crude drug, composed of Radix Astragali,
Rhizoma Atractylodis Macrocephalae, Rhizoma
Curcumae, Fructus Ligustri Lucidi, Flos Lonicerae, Radix
Paeoniae Alba and Rhizoma Sparganii) were supplied
by the SZYY Group Pharmaceutical Limited, China
(lot No. 13122011). Astragaloside was provided by
Shaanxi Sciphar Biotechnology, Co., Ltd., China. TLR2,
TLR4, and myeloid differentiation factor 88 (MyD88)
quantitative polymerase chain reaction (QPCR) kits were
purchased from QuantoBio (China). The TLR2, MyD88
polyclonal antibody (rabbit anti-mouse) and TLR4
monoclonal antibody (mouse anti-rat) were bought from
Abcam (HKSP, N.T. Hong Kong, China). Sodium citrate
buffer (50 mmol/L, pH 4.5) was prepared for dilution. A
Roche C-8000 automatic biochemical analyzer (USA),
the microscopic image acquisition and analysis system
(Model OlympuslIX51 and FV1000, Japan), an ABI
7900HT high-throughput real-time fluorescence qPCR
system (USA) were also utilized in this study.

Animal Model of IRI

A total of 60 adult male Wistar rats (6—8 months of
age, with weights of 180-200 g) were purchased from
Vital River Laboratory Animal Technology Co., Ltd.,
China, with certificate No. SCXK (Beijing) 2014-0008.
After 1 week of acclimation in a specific pathogen-
free animal room of the Experimental Animal Center
of the PLA General Hospital, all animal experiments
were conducted in accordance with the protocols and
recommendations approved by the Ethics Committee
for Animal Experimentation of PLA General Hospital
and the National Institutes of Health Guide to the Care
and Use of Laboratory Animals. The rats were randomly
allocated to 5 groups by a random number table (12
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in each group): sham, model, astragaloside, low- and
high-dose SHT (SHT-L and SHT-H) groups. Drugs were
administered by gavage for 7 days prior to surgery;
in particular, 150 mg-kg'-d" astragaloside, 1.5 and
3.0 g’kg™sd”" SHTs (3 and 6 times clinical dosage,
respectively) were dissolved (1-1.5 mL/d) and fed
to the rats of the astragaloside, SHT-L, and SHT-H
groups respectively, and an equal volume of CMC-Na
was put to use by gavage to the rats of the sham and
model groups.

The IRl model was established in the model,
astragaloside, SHT-L, and SHT-H groups, using methods
detailed in the previously published literature.">'™® In brief,
firstly the left kidney of rats were resected, and then the
contralateral renal pedicle was clipped by a noninvasive
vascular clamp, with clamp removed after 30 min. The
sham group went under a dissection of the renal vessels
and a left nephrectomy.

After the operation, mental status, activity, food
feeding, weight, and the occurrence of mortality were
observed for each rat. At postoperative 24 and 72 h,
6 randomly selected rats from each of groups were
sacrificed. Blood was drawn from the abdominal
aorta for evaluations of renal function and levels
of inflammatory markers. In addition, renal tissue
specimens were preserved for light microscopy,
and immunohistochemistry analyses. Portions of
these tissue specimens were preserved at —80 °C for
Western blot and gPCR assays.

Biochemical Indicator

An automatic biochemical analyzer was
utilized to measure serum creatinine (Scr) and blood
urea nitrogen (BUN) levels in samples of blood at
postoperative 24 and 72 h.

Renal Pathological Examination

Periodic acid-Schiff (PAS) staining was
applied to obtain light microscopic observations
of the histopathological changes in renal tissue
samples of rats of each experimental group.
Histopathological observations were scored by two
pathologists in accordance with criteria described
in extant literature.”' In particular, the extent of
injury was based on observations of tubular dilatation,
casts formation, brush border loss, degeneration
and necrosis of epithelial cells. A 5-point marking
system was used: 0 (normal tissue without damage),
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1 (<10%), 2 (11%—25%), 3 (26%—45%), 4 (46%—75%),
and 5 (=76%). Each section was assessed by at least
10 randomly selected, non-overlapping fields of view (at
a magnification of x 200).

Immunohistochemistry Analysis

Paraffin sections of renal tissue were stained
with using the avidin-biotin complex (ABC) method
to examine TLR2, TLR4, and MyD88 expressions.
These sections were manually analyzed with an
Olympus I1X51 biomedical image analysis system. A
total of 10 fields of view were randomly chosen at high
magnification (200 x ) for the study. The positively
stained cells were counted in each field, and the
intensity of positive expression was assessed by
calculating the average number of positively stained
cells per field.

Western Bloting

Western blotting was used to assess TLR2,
TLR4, and MyD88 expression levels in renal tissue.
For each sample, approximately 100 L renal tissue
was added into 300 w L radio immunoprecipitation
(RIPA) tissue lysis buffer. This tissue was
homogenized by sonication and then centrifuged
at 12,000 r/min for 30 min at 4 °C. The protein
concentration of the resulting supernatant of this
solution was assessed using a bicinchoninic acid
(BCA) protein assay kit. Protein from tissue samples
was then separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
with a 10% polyacrylamide gel, then transferred to
a membrane. The proteins on the membrane were
subjected to Ponceau staining and blocked with 5%
non-fat dry milk for 1 h of room temperature. Primary
antibodies were added to the blocking solution to
1:1000 ratio, and the membrane was incubated
overnight at 4 °C. Subsequently, the membrane
was rinsed with Tris-HCI, NaCl, Tween-20 (TBST)
and incubated with secondary antibodies for 1 h at
room temperature. The membrane was washed with

30

TBST, and signals to this membrane were detected
via chemiluminescence, using B -actin as an internal
reference. The Quantity One software package was
used to analyze the TLR2/ -actin, TLR4/ -actin,
and MYDB88/ -actin grayscale signal ratios from the
resulting film.

qPCR Test

TRIzol reagent was used for total RNA extraction
from approximately 200 g of cryopreserved rat
renal tissue. Samples were assessed using a
NanoDrop 2000C spectrophotometer and by agarose
gel electrophoresis (150 V, 20 min); these qualities
controls assessments indicated that RNA extraction
was successful in all samples. The sequences of the
primers used for gPCR amplification are presented
in Table 1. The amplification conditions were 40
cycles of 95 «C for 5 min, 95 °C for 15 s, 58 °C for
15 s, and 60 °C for 15 s. An ABI7900HT (Applied
Biosystems, USA) thermocycler was utilized for the
gqPCR amplifications. The mRNA expression level
of each target gene was calculated with the 274
method, using GAPDH mRNA as the reference to
standardization of the results from various samples."®

Enzyme Linked Immunosorbent Assay
Examination

Tumor necrosis factor o« (TNF-«) and interleukin-6
(IL-6) expression levels were detected by enzyme linked
immunosorbent assay (ELISA). TNF-« and IL-6 levels
were measured by double antibody sandwich method
kit. The operation was performed according to kit,
measured absorbance in the 450 nm wavelength with
an enzyme-labeled instrument (optical density value,
OD), a standard curve to calculated the concentrations
of TNF- «and IL-6.

Statistical Analysis

The SPSS (version 18.0) software package
was utilized for statistical analysis. All data were
expressed as mean + standard deviation (x = s).

Table 1. Sequences of Primers for qPCR Reaction System

mRNA Primer Sequence Primer length PCR product length Tm GC (%)
My-D88 F GAGCAGTGTCCCACAGACAA 20 98 59.89 55.00
R AGTAGCAGATGAAGGCGTCG 20 98 59.9 55.00
TLR4 F ATGCCTCTCTTGCATCTGGC 20 94 60.47 55.00
R GAAGTACCTCTATGCAGGGATTCA 24 94 59.65 45.83
TLR2 F GAGGTCTCCAGGTCAAATCTCA 22 97 59.17 50.00
R GCAGAATGGCCTTCCCTTGA 20 97 60.32 55.00
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The Kolmogorov-Smirnov test was used to assess
normality. Groups were compared using one-way
analysis of variance (ANOVA), and Levene's test was
used to examine the homogeneity of variances. The
Student-Newman-Keuls (SNK)-q test was applied to
compare pairs of groups. P<0.05 was regarded as
statistically significant.

RESULTS

Effects of SHT on Renal Function and
Biochemical Indicators in Blood

In the sham group, the postoperative Scr level
was steady (P>0.05). In the model group, Scr and
BUN levels at 24 h were significantly higher than the
sham group (P<0.05). At the same time, each of these
targets was lower in the astragaloside, SHT-L, and
SHT-H groups, respectively (P<0.05). The reduction
of indices of renal function from 24 to 72 h was
significantly greater in the SHT-H group than in the
SHT-L or astragaloside groups (P<0.05); however,
the astragaloside and SHT-L groups did not differ
significantly compared with each other (Figure 1).

SHT Reduces Tubular Injury to Rats with IRI
and Improves Renal Pathological Scores

There were no decided morphological changes
in the tissues of the sham group after IRI. In
comparison to the sham group, the most serious
pathological damage was presented in the model
group at 24 and 72 h after surgery (P<0.05), which
included widespread tubular epithelial vacuolization,
brush border losing, a large number of protein casts
of dilated tubules, and tubular architecture lesion. The
astragaloside, SHT-L and SHT-H groups damaged
lighter than the model group (P<0.05). At 72 h after
the surgery, the damage reduced in each group, and
the pathological improvement were significant in the
three drug intervention groups as compared with the

Sham Model

24 h

72h

Astragaloside
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Figure 1. Comparison of Scr (A) and BUN (B)
Levels in Rats among Groups
Notes: *P<0.05 vs. shame group at the same time; “P<0.05
vs. model group at the same time; *P<0.05 vs. astragaloside
groups at the same time; °P<0.05 vs. SHT-L group at the same
time; the same below

model group (P<0.05). The SHT-H group had the
best effects of restoring and, through the scores, the

situation in each group can be found in Table 2 and
Figure 2 (P<0.05).

Table 2. Comparison of Tubular Damage
Score among Groups (Score, X * s)

Tubular damage score

Group

24 h 72h
Sham 6 0.33+0.52 0.50+0.55
Model 6 4.50+0.55" 4.00+0.63"
Astragaloside 6 3.83+0.75" 2.83+0.75"
SHT-L 6 3.50+0.55" 2.67+0.52°
SHT-H 6 2.83+0.75%4° 2.00+0.63%4°

SHT-L SHT-H

Figure 2. Periodic Acid-Schiff-Stained Tissues of Rat Kidney ( x 200)
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Figure 3. Ratio of Positive Tubular with Inmunolocalization Staining in Rats after IRI

SHT Down-Regulates TLRs and MyD88 and
Reduces TNF- « and IL-6 of Rats with IRI

Hardly any expression of TLR2, TLR4, and
MyD88 was observed in renal tissue of the sham
group by immunohistochemical staining. Among other
groups, the expression levels of TLR2, TLR4, and
MyD88 were the highest in the model group. At 24 and
72 h postoperatively, significantly lower expression
levels of TLR2, TLR4, and MyD88 were observed in
the astragaloside, SHT-L and SHT-H groups than the
model group (P<0.05); in addition, the lowest levels of
mentioned factors were observed in the SHT-H group
(P<0.05, Figure 3).

Western blot analyzed TLRs and MyD88 protein
expression levels among groups, the extracts from the
model group rats showed marked rise in the factors,
with almost nonexistent in the sham group. The higher

expression levels of these proteins were observed at
postoperative 72 h than 24 h in each group. TLR2,
TLR4, and MyD88 expression levels were lower in the
astragaloside, SHT-L groups than the model group
(P<0.05), while significantly lower in the SHT-H group
than in others (P<0.05, Figure 4).

Examination of gPCR analyses revealed that
the mRNA expression levels of TLR2, TLR4 and
MyD88 were the lowest in the sham group and the
highest in the model group. All the levels significantly
reduced in the astragaloside, SHT-L and SHT-H
groups than the model group (P<0.05), and rose
slowly during the observation period, particularly
lower in the SHT-H group than the astragaloside and
SHT-L groups (P<0.05, Figure 5).

Except for the sham group, TNF-« and IL-6
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Figure 4. Comparison of TLR2, TLR4 and MyD88 Protein Expressions among Groups after IRl by Western Blot

Notes: 1: Sham; 2: model; 3: astragaloside; 4: SHT-L; 5: SHT-H
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Figure 5. Comparison of TLR2, TLR4, MyD88 mRNA Expressions after IRl among Groups by gPCR Analysis
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Figure 6. Comparison of TNF-« and IL-6 Expressions after IRl among Groups by ELISA

mRNA expression increased to the highest level in
each group of 24 h after IRI and gradually declined at
72 h. The inflammation factors in the three treatment
groups significantly manifested lower expression
than that in the model group after IRI and presented
different decreasing speed (P<0.05). The mRNA
expressions of TLR2, TLR4 and MyD88 in the SHT-H
group was the most obvious (P<0.05, Figure 6).

DISCUSSION

AKI, often arised from insults to ischemia, toxic
substance and septicemia, is a frequently seen disease
with a high morbidity and mortality, in particular, renal
IRl is one of the primary causes of AKL"® The one of

core mechanisms of IRl is the rapid activation to innate
immune responses. The pathogenesis includes multiple
mediators, such as inflammation reaction, reactive
oxygen species, adhesion molecules/chemokines, and
the activation of leukocytes and endothelial cells, above
reasons lead to tubular damage, endothelial disordering,
and inflammation responses."” Increasing evidence has
suggested that ischemia-induced immune-inflammatory
responses are primarily stimulated through the activation
of TLRs. TLRs are type I transmembrane receptors that
serve as key sensors of tissue damages."® TLR2 and
TLR4 mRNA are the primary TLRs expressed in tubular
epithelial cells, and the expression levels of both of these
receptors increase after IRL® The activation of TLRs is
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known to produce macrophage accumulation in mice
during acute tubular necrosis induced by renal IRI."?
TLRs act through two intracellular signal transduction
pathways: the MyD88-dependent pathway and the
MyD88-independent pathway. The MyD88-dependent
pathway is the main pathway activated in renal
injury.” It leads to subsequent downstream activation
of complicated signal transduction pathways,” promote
the transcript of cytokines and chemokines. A study
considered this to be the dominant pathway mediating
TLR-4-associated with kidney IRI since MyD88-/mice
was protected against kidney dysfunction and therefore
targeting the MyD88-dependent pathway would serve
as an effective strategy against renal IRI.®) Another
experiment observed that MyD88 knockout mice exhibit
less tubular damage. So, the TLRs can be an important
spot for AKI.®"

Recently, research about the efficacy of Chinese
medicine has attracted increasing worldwide attention
and stand a good chance to provide an innovative
direction of the treatment.®® One significant difference
between Chinese medicine and Western medicine
is that the active ingredients of Chinese medications
produce multi-targeted therapeutic effects. SHT is
composed of Astragalus membranaceus (Fisch.) Bge,
Ligustrum lucidum, Atractylodes macrocephala koidz,
Rhizoma Curcumae, and Lonicera japonica. Studies
have reported that astragaloside can reduce damage
to IRI in rat lungs.® Atractylodes polysaccharides
have been shown to reduce IRl damage after liver
autotransplantation in rats.*” Our previous studies have
demonstrated that proteinuria of some IgA nephropathy
patients were clinically reduced, with renal function
protected and glomerulosclerosis alleviated by SHT.©'?
Furthermore, SHT can alleviate renal IRI though increasing
reduced levels of Na*-K*-ATPase.""

In this study, firstly, we established a rat model
of renal IRI by performing a unilateral nephrectomy
combined with the clamping of the contralateral
renal pedicle. Compared with the stable levels
of the sham group, Scr in the model group was
significantly elevated to postoperative 24 h, indicating
the success of model establishment. Compared to
24 h, the parameters of renal function at 72 h showed
a downward trend. Light microscopy indicated that
the highest level of renal tissue pathological injury
occurred at the same time with the renal function
failure. This injury has slowly recovered in 72 h after
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the surgery. This result suggests that, after renal IR,
recovery from pathological tissue injury requires a
longer duration than the renal function. Therefore,
histological rehabilitation should be carefully
concerned during therapeutic interventions in renal
IRI. Meanwhile, the results of our study demonstrated
that after IRI, the protein and mRNA expression levels
of TLR2, TLR4, and MyD88 exhibited synchronized
uptrend from postoperative 24 to 72 h. These results
are consistent with the findings of extant literature,“®
however, not synchronized with the pathological and
functional recovery. In the meantime, our study not
only showed that TNF-a and IL-6 expressions were
elevated at 24 h postoperatively but also observed
the down-regulated secretion at 72 h after the
establishment of renal IRI. The finding prompts that,
besides the regulation to the inflammatory cytokines,
TLRs may be associated with the mediation in
pathological changes in renal IRI.

A series of findings by this suggests that
astragaloside and SHT can reduce Scr and renal tissue
pathological injury, meanwhile high doses of SHT
present more effective protection for renal IRI than either
low doses of SHT or a single dose of astragaloside. This
result indicates that a Chinese medicinal compound
with multiple components produced superior effects to a
single Chinese medicinal agent, and that the observed
effects exhibited a strong dose-response.

Expressions of the above TLRs and relevant
parameters were the highest in the model group,
significantly lower in the SHT-L and astragaloside
groups especially in the SHT-H group. This result
further confirmed the involvement of TLR2 and TLR4
in renal IRI through the MyD88-dependent pathway.
Thus, it was observed that the SHT could significantly
inhibit increases in TLRs expression and decrease
the release of inflammatory factors through the
MyD88-dependent pathway, thereby suppressing the
immune-inflammatory response. SHT therefore plays
a protective role in preventing AKI.

In conclusion, our study examined that SHT can
protect renal function of ischemic AKI. The underlying
mechanism for this protection may relate to the
regulation of renal TLR2 and TLR4 expression in
the MyD88-dependent signal transduction pathway.
SHT could inhibit the production and release of the
cytokines; this responsiveness would mitigate the
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immune-inflammatory response produced by renal IR,
so diminishing IRI-related pathological damage of renal
tissue and improving renal function failure. Thus, SHT
plays a protective role in rats that had experienced IRI. For
the clinical prevention and treatment of ischemic AKI, this
study introduces a novel treatment approach and provides
experimental evidence for the use of the approach.
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