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Abstract: Renal ischemia/reperfusion-injury (IRI) is a common disease in clinic, which is also the most common
cause of acute kidney failure. Previous investigations has illustrated that catalpol has neuroprotective, anti-inflam-
matory, and anti-hepatitis virus effects. This study was designed to investigate the protective effect of catalpol
on renal IRl mice through suppressing phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt)-endothelial nitric
oxide synthase (eNOS) and against inflammation, and the possible underlying mechanism. Firstly, we used renal IRI
model to analyze blood urea nitrogen and serum creatinine levels in renal IRI mice. Next, real-time PCR and western
blotting were used to detect the expression of KIM-1 and the expression of PI3K, Akt and eNOS levels in renal IRI,
respectively. In addition, activities of tumor necrosis factor o (TNF-a), interleukin-13 (IL-1B), interleukin-6 (IL-6) and
interleukin-10 (IL-10) in renal IRl mice were measured with respective TNF-a, IL-1j, IL-6 and IL-10 ELISA kits. Our re-
sults showed that catalpol clearly reduced blood urea nitrogen, serum creatinine levels and the expression of KIM-1
in renal IRl mice. Meanwhile, we found that catalpol markedly reduced the expression of PI3K, Akt and eNOS levels
in renal IRl group. Suppressing of the PI3K/Akt-eNOS and the TNF-¢, IL-1B, IL-6 and IL-10 activities was involved in
the protective effect of catalpol on renal IRI. Collectively, catalpol protected renal IRI via inhibiting PI3K/Akt-eNOS
signaling and inflammatory responses.
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Introduction

Kidney damage caused by renal ischemia/
reperfusion-injury (IRl) is a common disease
clinically [1]. In shock and kidney transplant
patients, it is the most common cause of acute
kidney failure. Over the past 40 years, acute
renal necrosis rate of shock patients was
always close to 50%, without significant change
[2, 3]. For the treatment of renal ischemia-
reperfusion injury, supportive therapy remains,
therefore, improved treatment strategies to
prevent renal IR-injury, is drawing attention
from scholars [4].

Endothelial progenitor cells are vascular endo-
thelial cells that can be differentiated into pre-
cursor cells. Studies show that endothelial pro-
genitor cells are not only involved in human
embryonic angiogenesis, but also participate in
postnatal angiogenesis and endothelial repair

process after injury [5], the number and the
dysfunction of endothelial progenitor cells play
a key role in the development of renal vascular
complications. Function disorders of renal
endothelial progenitor cells include nitric oxide
synthase (NOS)/nitric oxide (NO), oxidative
stress and certain cytokines. Endothelial nitric
oxide synthase (eNOS) is a key enzyme in the
regulation of endothelial-derived NO production
[6]; Phosphatidylinositol3-kinase (PI3K)/Akt
signaling pathway is an important signaling
pathway to regulate a variety of cellular metabo-
lism, growth, migration and proliferation, which
is an important measure in the treatment of
renal IR-injury [7].

Inflammatory response can significantly pro-
mote renal IR-injury [8-10]. In IR-injury, polymor-
phonuclear cell or proximal convoluted tubule
and mesangial cell in kidney generate bradyki-
nin, histamine, leukotrienes, PAF and other acti-
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Figure 1. The chemical structure of catalpol.

vating factors, tumor necrosis factor o (TNF-),
interleukin-1B (IL-1B), interleukin-6 (IL-6) and
other pro-inflammatory cytokines, and mono-
cyte chemoattractant protein-1 (MCP-1), inter-
feron induced protein-10 (IP-10) and other che-
mokines, leading to leukocyte and activation of
chemotaxis, thus migrating to the injury site
[11]. Then, leukocyte becomes adhered tightly
to the skin from rolling within the vessel by the
interaction with vascular endothelial cells, fur-
ther migrating to endoderm, and eventually
crosses endoderm and reaches the extravas-
cular tissue to play a role [12]. On one hand,
inflammatory cells directly damage the reperfu-
sion tissue cells by the release of and oxidase
enzyme and hydrolyticenzyme, on the other
hand, the adhered neutrophil hand blocks the
microvascular bed, further increasing the circu-
lation disorders [13].

Catalpol has anti-cancer, neuroprotective, anti-
inflammatory, diuretic, hypoglycemic and anti-
hepatitis virus effects, etc., which is an iridoid
glucoside compound, mainly present in the
rehmannia and other plants [14]. Zhang et al.
suggested that the effects of catalpol on mito-
chondrial function could occur through inhibit-
ing NOS activity [15]. Taken together, Zhang et
al. indicated that catalpol could possess thera-
peutic potential against lipopolysaccharide
-induced acute systemic inflammation by atten-
uating NF-kappaB activation [16]. However, the
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role of catalpol on renal IRI disease is not clear.
For this purpose, we investigated whether
catalpol possesses the essential activity on
renal ischemia/reperfusion injury as an anti-
inflammatory medicine has not been investi-
gated. We further elucidated that the anti-
inflammatory activity of catalpol and the
underlying mechanism involved.

Materials and methods
Drug and reagents

Catalpol (with a purity > 96%) was purchased
from Sigma (Shanghai, China). BCA Protein
Assay Kit was purchased from Sangon Biotech
(Shanghai, China). Trizol reagent was purchased
from Invitrogen (Chicago, USA). PrimeScript RT
Master Mix and ABI 7500 system were pur-
chased from Takara (Japan). Urea Nitrogen
Diacetylmonoxime Test Kit and Creatinine
LiquiColor Test (Kinetic) were purchase from
Tiangen (Beijing, China). TNF-«, IL-18, IL-6 and
IL-10 ELISA kits were obtained from Tiangen
(Beijing, China).

Ethics statement and animal preparation

This study was approved by the Animal
Experiment Committee of Wuhan University.
C57BL/6 mice were originally from Animal Lab
of Wuhan University, Renmin Hospital. All
C57BL/6 mice were carried out according to
the Declaration of the National Institutes of
Health Guide for Care and Use of Laboratory
Animals. The mice (9 weeks old) were bred in
the animal facility of Wuhan University with spe-
cific pathogen free conditions, and housed
under 12 hours/12 hours dark and light cycle
with free access to water and food. After 1
week of acclimation, the mice were used for
renal ischemia/reperfusion  surgery as
described previously [15.1-17.1]. The mice were
randomly allocated into five groups with each
containing 8 mice: (1) control group (Con),
which was normal rats that received physiologi-
cal saline (i.p.); (2) ischemia/reperfusion-injury
(IRl) group, in which the mice were subjected to
renal ischemia for 1 h; (3-5) catalpol (Cat)
group, in which the mice were administered
(25, 50 and 100 mg/kg, i.p.) [17] catalpol 1 h
prior to I/R induction.

Sample collection

When the mice were sacrificed, the whole blood
was collected and kidney tissue was excised.
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Figure 2. Assessment of renal function. Effect of catalpol on the Blood urea nitrogen (A) and serum creatinine

(B).

P < 0.01 compared with Con group; P < 0.01 compared with IRl group. Con, control group; IRI, ischemia/

reperfusion-injury group; Cat (25), catalpol (25 mg/kg)-treated group; Cat (50), catalpol (50 mg/kg)-treated group;

Cat (100), catalpol (100 mg/kg)-treated group.
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Figure 3. Real-time PCR analysis of KIM-1 expres-
sion. ™ P < 0.01 compared with Con group; #P < 0.01
compared with IRl group. Con, control group; IRI,
ischemia/reperfusion-injury group; Cat (25), catalpol
(25 mg/kg)-treated group; Cat (50), catalpol (50 mg/
kg)-treated group; Cat (100), catalpol (100 mg/kg)-
treated group.

Then, the blood was kept on ice and added with
an equal volume of 9 mM EDTA in phosphate
buffered saline. Meanwhile, kidney tissue was
dissected on an ice plate to separate the corti-
cal and medullar part. All samples were freshly
frozen in liquid nitrogen for storing.

Assessment of renal function

The blood samples were collected and clotted
in the room temperature. The samples were
centrifuged at 12000 g for 5 min and then the
supernatants were collected as serum. The
blood urea nitrogen (BUN) level was examined
with Urea Nitrogen Diacetylmonoxime Test Kit
(Tiangen, Beijing, China) following the manual.
The blood urea nitrogen (BUN) level was exam-
inedwith Urea Nitrogen (BUN)Diacetylmonoxime
Test Kit from Stanbio Laboratory (Tiangen,
Beijing, China) following the manual.

Real-time PCR analysis of KIM-1 expression

Total RNA was isolated from renal tissues using
Trizol according to the manufacturer’s instruc-
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tions (Invitrogen, Chicago, USA). cDNA was
reverse transcription reaction using PrimeScript
RT Master Mix (Takara, Japan). Real-time PCR
amplifications were carried out using the ABI
7500 system (Takara, Japan). All PCR primers
were compound and purchased from biosune
Biotech (Shanghai, China). KIM-1-F: 5-TGGAG-
ATTCCTGGATGGT-3’; KIM-1-R: 5-GAGGTGGAG-
ACTCTGGTTGA-3’; U-F: 5’-CGCTTCGGCAG CAC-
ATATACTA-3’; and U6-R: 5-CGCTTCACGAATTTG-
CGTGTCA.

Western blotting

Renal tissue samples were ground into a pow-
der with liquid nitrogen and lysed in RIPA buffer.
The amount of whole cell proteins was deter-
mined by BCA Protein Assay Kit (Sangon
Biotech, Shanghai, China). Next, the proteins
were electrophoresed with 10% polyacrylamide
gel containing SDS and transferred into nitro-
cellulose membranes (Millipore Corporation,
Bedford, MA, USA) at 4°C for 2-4 hours. The
membrane was then blocked with 5% non-fat
milk in Tris-buffered saline containing 0.1%
Tween 20 (TBST) for 1-2 hour. The membrane
was incubated with anti-PI3K (1:1000,
BeastBio, Shanghai, China), anti-Akt (1:1500,
BeastBio, Shanghai, China), anti-eNOS (1:500,
BeastBio, Shanghai, China) and B-actin (1:500,
BeastBio, Shanghai, China) overnight at 4°C
with shaking. The membrane was washed with
TBST and then incubated with IgG conjugates
for 2 hours. Finally, membranes were washed
with TBST and bands were observed by an
enhanced ECL chemiluminescence system
(Pierce, Rockford, USA).

Activities of TNF-a, IL-13, IL.-6 and IL-10

Activities of TNF-a, IL-1B, IL-6 and IL-10 were
determined in samples using the commercially
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Figure 4. Western blot assays for PI3K, Akt and eNOS. Indicated representative western blotting analysis of PI3K,
Akt and eNOS protein levels (A), statistical analysis of PI3K, Akt and eNOS protein levels (B-D), respectively, in differ-
ent groups. P < 0.01 compared with Con group; *P < 0.01 compared with IRI group. Con, control group; IRI, isch-
emia/reperfusion-injury group; Cat (25), catalpol (25 mg/kg)-treated group; Cat (50), catalpol (50 mg/kg)-treated

group; Cat (100), catalpol (100 mg/kg)-treated group.

TNF-a, IL-18, IL-6 and IL-10 ELISA kits. The mea-
surement was performed step by step accord-
ing to manufacturer’s protovarian cancerol
(Tiangen, Beijing, China). Samples were ana-
lyzed spectrophotometrically at 450 nm of
absorbance.

Statistical analysis

All results are analyzed with SPSS 17.0 soft-
ware and expressed as mean + SD. Statistical
analysis was performed by using a one way
Analysis of Variance. In all cases, P value <
0.05 was considered with statistical signifi-
cance.

Results
Assessment of renal function

The chemical structure of catalpol was shown
in Figure 1. We evaluated renal function by
blood urea nitrogen levels and serum creati-
nine levels in serum samples collected. When
compared with control mice, IRI caused a sig-
nificant increase in the plasma levels of urea
nitrogen and creatinine levels (Figure 2A, 2B),
suggesting a significant degree of renal dys-
function. When compared with IRl mice, plas-
ma levels of urea and creatinine were signifi-
cantly reduced because of the treatment of
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catalpol (25, 50 and 100 mg/kg) for 12 hours,
therefore, renal dysfunction was significantly
cured in mice that were subjected to IRI (Figure
2A, 2B).

Real-time PCR analysis of KIM-1 expression

To expand these findings, we examined KIM-1
expression in all experiment mice. When com-
pared with control mice, the significant eleva-
tion of KIM-1 expression was found in IRl mice
(Figure 3). As expected, the expression level of
KIM-1 was significantly lower than that of IRI
mice, after the treatment of catalpol (25, 50
and 100 mg/kg) for 12 hours (Figure 3).

Western blot assays for PI3K, Akt and eNOS

To further investigate the above findings, we
detected the expressions of PI3K, Akt and
eNOS protein in all experiment mice. When
compared with control mice, the expression of
PI3K and Akt of kidneys that were significantly
reduced in renal IRl mice (Figure 4A-C). In con-
trast, the expressions of PI3K and Akt were
demonstrated a marked augment in Cat-
treatment group, compared to that of renal IRI
group (Figure 4A-C). Meanwhile, when com-
pared with control mice, the expression of
eNOS was significantly decreased in renal IRI
mice (Figure 4A, 4D). On the contrary, the
expression of eNOS was demonstrated a
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Figure 5. Alterations in the activities of inflammatory cytokines. Indicated the activities of TNF-q, IL-13, IL-6 and IL-10
(A-D) respectively, in different groups. **P < 0.01 compared with Con group; #P < 0.01 compared with IRI group. Con,
control group; IRI, ischemia/reperfusion-injury group; Cat (25), catalpol (25 mg/kg)-treated group; Cat (50), catalpol
(50 mg/kg)-treated group; Cat (100), catalpol (100 mg/kg)-treated group.

marked reduction in Cat-treatment group, com-
pared to that of renal IRI group (Figure 4A, 4D).

Activities of inflammatory cytokines

To better understand the impact of inflamma-
tory cytokines during renal IRI, we examined
the activities of TNF-a, IL-1B, IL-6 and IL-10 in
the renal tissues. When compared with control
mice, the activities of TNF-a, IL-1B, IL-6 and
IL-10 were significantly augmented in renal IRI
mice (Figure 5A-D). In some areas, we found
the activities of TNF-«, IL-1B, IL-6 and IL-10
were significantly reduce on account of the
treatment of catalpol (25, 50 and 100 mg/kg)
for 12 hours (Figure 5A-D).

Discussion

Renal IRI refers to the tissue or organ damage
that the tissue or organs regain the blood per-
fusion after ischemia. Kidney belongs to the
high blood perfusion organs, very sensitive to
ischemia and reperfusion, which is prone to be
damaged. Our results provided the treatment
of catalpol could significantly reduce the serum
of urea and creatinine levels in serum IRI mice.
Dong et al. reported that catalpol could signifi-
cantly reduce the levels of 24 h urinary protein
excretion, serum creatinine, blood urea nitro-
gen on diabetic nephropathy in rats [18].
Meanwhile, Sohotnik et al explained that uri-
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nary excretion of NGAL and KIM-1 substantially
increased following I/R insult [19]. In this study,
we were the first to show that catalpol could
significantly reduce the expression of KIM-1
levels in renal IRI mice.

PI3K/Akt signal pathway participates in the
process that endothelial progenitor cells are
differentiated into endothelial cells. High-
density lipoprotein can promote progenitor cell
differentiation into endothelial-like cells by acti-
vating PI3K/Akt signaling pathway; HMG-CoA
reductase inhibitor and vascular endothelial
growth factor can promote the differentiation
of progenitor cells by activating NOS by PI3K/
Akt signaling pathway [20-22]. These studies
indicate that PI3BK/Akt is an important way to
promote the proliferation and differentiation of
progenitor cells.

NO promotes proliferation, migration and tube
formation of endothelial cells, which is a key
indicator that impacts endothelial progenitor
cell function. NOS/NO is an important way to
promote proliferation, adhesion, migration and
in vitro angiogenesis of progenitor cells. NOS
has three types: type | nNOS, type Il iNOS and
type Il eNOS, which is widely present in endo-
thelial cells. Due to the close relationship
between endothelial progenitor cells and endo-
thelial cells, it can be speculated that eNOS/
NO may be an important way to promote prolif-
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eration, adhesion, migration and in vitro angio-
genesis of progenitor cells. eNOS is a key
enzyme in the regulation of endothelial-derived
NO production, regulated by PI3K/Akt signaling
pathway, thus affecting progenitor cells by
PI3K/Akt/eNOS signaling pathways, and there-
by treating renal IR-injury. Additionally, we found
that catalpol markedly reduced the expression
of PI3K, Akt and eNOS levels in renal IRI group.
Hu et al. reported that catalpol inhibits apopto-
sis of endothelium through the PI3K/Akt signal-
ing pathway [23]. Zhang et al. suggest that
catalpol significantly decreased reactive oxy-
gen species production and NOS activities in
mice [15].

Some reports have evaluated propofol could
significantly reduce IL-6, IL-8, TNF-a levels in
renal IRl [24]. Nitrosothiols protected on the
early inflammatory (IL-6 and IL-10) response to
kidney IRI rats [25]. In this study, we found that
catalpol significantly reduced the activities of
TNF-&, IL-AB, IL-6 and IL-10 in renal IRI mice.
Catalpol protected lipopolysaccharide -induced
acute lung injury through down-regulated of
TNF-«, IL-6, IL-4 and IL-1B [26]. Xiao et al.
reported that catalpol ameliorates sodium tau-
rocholate-induced acute pancreatitis of reduc-
tion of interleukin (IL)-1B, IL-6 and TNF-«a levels
in rats [27].

In summary, the results of the present study
provide strong evidence that the treatment of
catalpol attenuated renal IRl in mice and the
protective mechanism was associated, at least
in part, with suppressing PI3K/Akt-eNOS sig-
naling and inflammation. The results also sug-
gest the possibility that the treatment of catal-
pol is a potential therapeutic strategy for the
prevention and therapy of renal IRl and the
associated with PI3K/Akt-eNOS and inflam-
mation.
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