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Background: The present study investigated the effect of dihydromyricetin (DHM) on lipopolysaccharide (LPS)-induced acute
kidney injury in a rat model.

Material/Methods: Kidney injury was induced in male Sprague-Dawley rats by injection of LPS through the tail vein. The rats were
treated with 5 pg/kg body weight DHM within 12 h of the LPS administration. The urine of the rats was col-
lected over a period of 48 h for determination of calcium and creatinine concentrations. Blood urea nitrogen
in the serum was analyzed using a BC-2800 Vet Animal Auto Biochemistry Analyzer. On day 3 after treatment,
the rats were sacrificed to extract the kidneys.

Results: Treatment of the endotoxemia rats with DHM caused a significant (P<0.05) decrease in the level of kidney in-
jury molecule-1 and blood urea nitrogen. DHM treatment significantly (P<0.05) decreased the level of calci-
um in the kidney tissues compared to those of the untreated endotoxemia rats. The level of malonaldehyde
(MDA) in the kidney tissues was significantly reduced in the endotoxemia rats by DHM treatment. The results
from immunohistochemistry reveled a significant decrease in the expression of osteopontin (OPN) and CD44
levels. The endotoxemia rats showed significantly higher levels of TUNEL-positive stained nuclei compared to
the normal controls. However, treatment of the endotoxemia rats with DHM resulted in a significant decrease
in the population of TUNEL-positive cells.

Conclusions: DHM may be a promising candidate for the treatment of acute kidney injury.
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Background

The kidneys are the organs most commonly affected by sepsis
and aggregation of calcium oxalate, forming kidney stones [1].
It has been observed that more than half of patients with sep-
sis develop acute kidney injury and around 75% of acute kid-
ney injury patients die [2,3]. There are reports that generation
of reactive oxygen species activates nicotinamide adenine di-
nucleotide phosphate (NADPH), resulting in kidney injury [4].
This is confirmed by the findings that expression of a kidney
injury marker, kidney injury molecular-1 (KIM-1), is inhibited
by treatment with an NADPH inhibitor [4]. Aggregation of cal-
cium in the kidney tissues induces formation of stones and
kidney injury [5]. The development of kidney injury has been
found to be linked with the formation of stones, which require
dialysis to avoid immediate problems [6].

Flavonoids isolated from natural sources exhibit a wide range
of pharmacological properties. Dihydromyricetin (Figure 1) is
a phytochemical isolated from a plant, Ampelopsis grosseden-
tata, and is a flavonoid molecule [7]. Pharmacological analy-
sis of dihydromyricetin revealed its promising antithrombot-
ic, anti-inflammatory, and anti-oxidant activities [7-9]. Further
studies demonstrated its potential as an anti-membrane lip-
id peroxidation agent [10,11]. In the present study we investi-
gated the effect of dihydromyricetin on lipopolysaccharide-in-
duced acute kidney injury in a rat model. The results revealed
that dihydromyricetin prevents acute kidney injury in rats by
inhibiting the expression of osteopontin and CD44.

Material and Methods

Animals

Fifteen male Sprague-Dawley rats weighing approximately 200
g were obtained from the Laboratory Animal Center of Sun Yat-
sen University (Shanghai, China). The animals were maintained
in the animal facility house under a 12-h light/dark cycle and
had free access to food and drinking water. The experimental
procedures were performed according to the criteria of National
Institute of Health for the care and use of laboratory animals
at Sun Yat-sen University (Guangzhou, China). Approval for the
present study was obtained from the Laboratory Animal Care
Committee of Sun Yat-sen University (Guangzhou, China) un-
der reference number SYU072/2015.

Chemicals and reagents

Dihydromyricetin was purchased from Sigma-Aldrich (St. Louis,
MO, USA) and a 100-mM stock solution was prepared in di-
methylsulfoxide (DMSO). The Oxidative Stress kit was pur-
chased from Roche (Basel, Switzerland) and the TUNEL kit was
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Figure 1. Chemical structure of dihydromyricetin.

from EarthOx Life Science (Millbrae, CA, USA). Rabbit mono-
clonal primary and the secondary antibodies against osteo-
pontin were purchased from BD Biosciences (Franklin Lakes,
NJ, USA). The mouse monoclonal antibody for CD44 was ob-
tained from Cell Signaling Technology, Inc. (Boston, MA, USA).

Study design and procedure

The 15 animals were assigned randomly into 3 groups of 5
each: normal control, untreated control, and DHM group. Rats
in the DHM group received 5 pg/kg DHM 12 h before the in-
jection of LPS. Rats in the untreated and DHM groups were in-
jected with 5 mg/kg body weight LPS (Sigma-Aldrich, St. Louis,
MO, USA) through the tail vein.

Biochemical analysis

The urine of the rats was collected over a 48-h period for bio-
chemical analysis. The concentration of calcium and creatinine
in the urine samples and that of blood urea nitrogen in the se-
rum of the rats was determined using a BC-2800 Vet Animal
Auto Biochemistry Analyzer (Hitachi 7600-020/7170A; Hitachi
High-Technologies Corp., Tokyo, Japan). The animals were sacri-
ficed on day 3 after treatment using 3% pentobarbital sodium
anesthesia. We extracted the left kidney from each rat and fixed
it in 10% formalin for the analysis of pathological alterations.
The right kidney was subjected to paraffin embedding before
analysis for the presence of kidney injury molecule-1 (KIM-1).

Enzyme-linked immunosorbent assay (ELISA)

For the quantification of KIM-1 in the rats, the anti-KIM-1 an-
tibody was applied to the inner surface of the ELISA plates
(USCN Life Science Inc., Wuhan, China). The plates were sub-
jected to incubation with a solution of CaCO, overnight un-
der anhydrous conditions. Bovine serum albumin was add-
ed to each of the wells and incubated for 1 h. The wells were
washed with PBS and Tween-20 (PBST) and then treated with
the rat urine and serum. After 5-h incubation, the plates were
washed with PBS and incubated again with antibody against
KIM-1 overnight. After PBS washing, the plates were treated
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Figure 2. (A) Effect of DHM on the concentration of KIM-1 in the serum of rats. (B) Effect of DHM on the concentration of KIM-1 in the
urine of rats. (C, D) Effect of DHM on the concentration of creatinine and blood urea nitrogen in the serum of rats. The rats
in the normal control group were left as such, while those in the untreated received LPS and normal saline and those in and
treatment group were given DHM and LPS. * P<0.05 vs. normal control and ** P<0.05 vs. untreated group. The data presented

are the mean + standard deviation.

with horseradish peroxidase-conjugated secondary antibody
followed by analysis using a microplate reader.

Analysis of calcium aggregation

The paraffin-embedded right kidney was cut into thin 2-p sec-
tions, boiled in xylene, and stained using a von Kossa kit fol-
lowed by eosin (Beyotime Institute of Biotechnology, Haimen,
China) staining. Aggregation of the calcium was analyzed by
microscopic examination (Nikon Eclipse 50i; Shanghai Henghao
Instruments Co. Ltd., Shanghai, China).

Analysis of OPN and CD44 expression

The right kidney sections were subjected to high-pressure
treatment, followed by addition of hydrogen peroxide and
then washing with PBS. Incubation of the sections was per-
formed with primary antibodies against OPN and CD44 over-
night. The sections were washed with PBS 3 times, followed by
incubation with secondary antibodies for 1 h at room temper-
ature. The number of the TUNEL-active cells was calculated by

Image-Pro Plus software version 6.0 after sections were coun-
ter-stained with methyl green.

Statistical analysis

The data analysis was performed using SPSS software, version
12.0 (SPSS, Inc., Chicago, IL, USA). One-way analysis of vari-
ance was used for determination of differences between var-
ious groups and comparisons were made by the Tukey post
hoc test. Differences were considered statistically significant
at a value of P<0.05.

Results

DHM decreases kidney injury molecule-1 level in
endotoxemia rats

Analysis of the kidney injury molecule-1 level in endotoxemia
rats revealed a significantly higher level compared to the nor-
mal control group. Treatment of the endotoxemia rats with
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Figure 3. Effect of DHM on calcium aggregation in the kidneys.
* P<0.05, compared with the normal control and
** P<0.05, vs. untreated control group.

Figure 5. Effect of DHM on the Ca/creatinine ratio in the urine

samples of the rats. * P<0.05, vs. normal control and
** P<0.05, vs. untreated control groups.
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Figure 4. Effect of DHM on the concentration of calcium in the kidney tissues in rats. DHM significantly reduced the concentration of

calcium in the kidney tissues.

DHM caused a significant (P<0.05) decrease in the level of
kidney injury molecule-1 in the urine (Figure 2A, 1B). In endo-
toxemia rats, the blood urea nitrogen level was higher than
in the normal control group. However, treatment of the endo-
toxemia rats with DHM exhibited an inhibitory effect on the
level of blood urea nitrogen (Figure 2C, 2D). Treatment with
DHM exhibited no effect on the serum creatinine content in
the endotoxemia rats.

Effect of DHM on the level of calcium in endotoxemia rats

Examination of the level of calcium in the kidney tissues of en-
dotoxemia rats showed significantly (P<0.05) higher concen-
trations compared to the normal control group. In the DHM-
treated group, the level of calcium was significantly (P<0.05)
lower than in the endotoxemia rats (Figure 3).
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Figure 6. DHM treatment reduced the level of MDA in the right

kidney tissues of the rats. * P<0.05, vs. normal control
group and ** P<0.05, vs. untreated groups.
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Figure 7. Inhibition of OPN and CD44 expression by DHM in the kidney tissues of the rats. Immunostaining revealed a significant

decrease in OPN and CD44 after treatment with DHM.

Normal Untreated DHM

Figure 8. Effect of DHM on the TUNEL-positive cells in the kidney tissues of the rats. The images of the cells were captured at

magnification x400.
DHM inhibits aggregation of calcium in endotoxemia rats

Analysis of the formation of calcium oxalate crystals in endo-
toxemia rats by Nikon Eclipse 50i microscopy showed marked
accumulation compared to the normal control group. However,
DHM treatment inhibited accumulation of calcium oxalate crys-
tals in the kidneys of endotoxemia rats (Figure 4).

Effect of DHM on the Ca/creatinine level

In the endotoxemia rats, the concentration of Ca/creatinine
in the urine was significantly higher compared to the normal
control group. Treatment of the endotoxemia rats with DHM
led to a significant (P<0.05) decrease in the level of Ca/creat-
inine in the urine (Figure 5).

Effect of DHM on oxidative stress in endotoxemia rats

In the endotoxemia rats, the level of malonaldehyde (MDA)
was significantly higher compared to the normal control group.
DHM treatment significantly reduced the level of MDA in the
kidney tissues of endotoxemia rats (Figure 6).

Effect of DHM on the expression of OPN and CD44 in
endotoxemia rats

The level of OPN and CD44 in the kidney tissues of endotox-
emia rats was significantly higher compared to the normal
control group. However, treatment of the endotoxemia rats
with DHM significantly decreased the expression of OPN and
CD44 (Figure 7).

Effect of DHM on TUNEL-positive cells

The endotoxemia rats showed significantly higher levels of
TUNEL-positive-stained nuclei compared to the normal con-
trols. However, treatment of the endotoxemia rats with DHM
resulted in a significant decrease in the population of TUNEL-
positive cells (Figure 8).

Discussion

The present study demonstrates the effect of SAHA treatment
of kidney injury in endotoxemia rats. The results revealed a
significant decrease in the BUN and Ca/creatinine ratio in
the serum and urine of endotoxemia rats treated with SAHA.
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The level of kidney injury molecule-1 is higher and is a charac-
teristic feature of kidney injury in the patients [12]. Presence
of kidney injury molecule-1 in the kidney tissues is considered
to be a diagnostic feature of kidney injury [13]. In the pres-
ent study, the level of kidney injury molecule-1 was found to
be significantly higher in endotoxemia rats. SAHA treatment
of endotoxemia rats inhibited the level of kidney injury mol-
ecule-1. Higher concentrations of calcium and its subsequent
aggregation in the kidney tissues leads to formation of kidney
stones [14]. The present study demonstrated that the level of
calcium and its aggregation in the kidney tissues of endotox-
emia rats was significantly higher. However, SAHA treatment
reduced the concentration of calcium, as well as its deposi-
tion, in kidney tissues. Reactive oxygen species play an impor-
tant role in the induction of oxidative stress during kidney in-
jury [15]. It has also been observed that kidney injury induces
oxidative stress, leading to aggregation of calcium and forma-
tion of crystals [16]. Treatment of mice with antioxidants has
been shown to inhibit calcium crystallization [17). In the pres-
ent study, SAHA treatment reduced the level of MDA in the
kidney tissues of endotoxemia rats, which were higher com-
pared to the normal control group. One of the glycoproteins,
OPN, is present at higher levels during inflammatory process-
es [18]. Higher levels of OPN are found in kidney tissues of
kidney injury patients and in people with kidney stones [19].
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In the present study, endotoxemia rats showed significantly
higher levels of OPN compared to the normal rats. SAHA treat-
ment of the endotoxemia rats caused a significant decrease in
the level of OPN. Another trans-membrane glycoprotein, CD44,
is also present during kidney injury, but not in normal renal
tissues [20]. CD44 plays an important role in the activity of
OPN [20]. Our results showed increased expression of CD44
in the endotoxemia rats, which was, however, decreased af-
ter treatment with SAHA.

Generation of reactive oxygen species leads to induction of ox-
idative stress and increased concentrations of calcium, and, fi-
nally, to kidney injury [21]. The results from the present study
showed increased proportions of apoptotic cells. However,
SAHA treatment significantly reduced the proportions of apop-
totic cells in endotoxemia rats.

Conclusions

SAHA treatment of endotoxemia rats prevented kidney inju-
ry by reducing the aggregation of calcium and inhibiting ROS
generation. Thus, SAHA may be of therapeutic importance in
the treatment of acute kidney injury.
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