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Summary

Generation of reactive oxygen species significantly contributes to
the pathogenesis of acute renal failure (ARF) induced by
myoglobin release. Ginsenosides (GS), the principal active
ingredients of ginseng, is considered as an extremely good
antioxidative composition of Chinese traditional and herbal drugs.
The purpose of the present study was to investigate the
protective effect of ginsenoside in rats with ARF on the changes
of cholinergic nervous system in the kidney as well as on the
involvement of mitogen-activated protein kinases (MAPK) in the
hypothalamic paraventricular nuclei (PVN). In our assay, glycerol-
induced acute renal failure in rats was employed to study the
protective effects of ginsenoside. Our results indicated that the
treatment of ARF rats with ginsenosides for 48 h significantly
reduced lipid peroxidation, restored the superoxide dismutase
(SOD)
acetyltransferase-immunoreactivity (ChAT-IR) in the proximal
(PCT) was
immunohistochemistry in ARF+GS group. The same effect was

level. Meanwhile, the obvious increase of choline

convoluted  tubular  cells observed by
also observed in the changes of p-ERK1/2-IR in the hypothalamic
paraventricular nuclei. Our results suggest that ginsenoside
administered orally may have a strong renal protective effect
against glycerol-induced ARF, reduce the renal oxidative stress,
and ginsenoside can also activate the cholinergic system in PCT,
simultaneously MAPK signal pathway in the PVN was also

activated.
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Introduction

Almost 10-15% of all cases of acute renal
failure (ARF) may account for traumatic and non-
traumatic clinical conditions manifested with muscle fiber
disintegration or rhabdomyolysis (Vlahovi¢ et al. 2007).
There is increasing evidence indicating that oxidative
stress plays an important role in the pathogenesis of
rhabdomyolysis-induced myoglobinuric acute renal
failure (Ustundag et al. 2009). ARF is usually reversible,
the kidney being able to recover from almost complete
loss of function. Nevertheless, ARF is associated with
major inpatient morbidity and mortality, reflecting the
severity of the casual illnesses and the high frequency of
complications (Yoon et al. 2008). Thus, early and
effective renoprotective treatments are of utmost
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importance. In recent years, great effort has been focused
on traditional and herbal medicine without toxic effects to
provide a novel therapeutic agent for ARF.

Ginsenosides (GS), the unique constituents and
secondary metabolites of the Panax species, have been
known to be the pharmacologically active ingredients of
ginseng and has a wide range of pharmacological and
physiological actions due to its antioxidant and free
radicals scavenging properties (Attele et al. 1999). It has
been reported that Ginsenosides Rh4 significantly
reduced the cisplatin-induced nephrotoxicity in cultured
renal proximal tubular epithelial cells in a dose-dependent
manner (Baek et al. 2006). Similarly, ginsenoside-Rd
ameliorated the renal injury induced by cephaloridine
through up-regulating the activities of the antioxidation
enzymes superoxide dismutase and catalase (Yokozawa
and Owada 1999). However, the effect of GS
administered orally on ARF has been seldom reported yet
and little is known about its cellular and molecular
mechanism.

The primary role of the kidney is to maintain the
volume and electrolyte composition of body fluids and, in
this way, to regulate the blood pressure. In proximal
tubular cells, cholinergic agonists have been shown to
rapidly increase basolateral Na-HCOj; cotransport (NBC)
activity. And the classic mitogen-activated protein kinase
(MAPK) pathway activation is coupled to increase NBC
activity (Robey et al. 2001). It suggested that renal
cholinergic system participated in regulation of epithelial
ion transport and there was an association between
MAPK pathway and cholinergic system. Recent studies
suggested that acetylcholine prevented the hypoxia-
induced apoptosis of mouse embryonic stem (ES) cells by
inhibiting the reactive oxygen species (ROS) production.
Meanwhile, acetylcholine also prevented angiotensin |-
induced oxidative stress and apoptosis in H9c2 cells (Liu
et al. 2011). These findings suggested that cholinergic
system play a positive role in oxidative stress. However,
whether renal cholinergic system activity is changed in
AREF rats involved in oxidative stress is unknown.

The hypothalamic paraventricular nuclei (PVN)
play a prominent role in the central regulation of water
intake, urinary volume and sodium excretion, maintaining
the homeostasis and regulate organismal function (de
Arruda Camargo et al. 2010). MAPKs are a family of
Ser/Thr protein kinases widely conserved among
eukaryotes and are involved in many cellular programs
such as cell proliferation, differentiation, survival
movement, and cell death. The extracellular signal-

regulated kinases (ERK) represent one of the four
subfamilies of MAP kinases. It is reported that survival
factors inhibit cell death by activating specific signaling
pathways, including stimulation of protein-tyrosine
phosphorylation and activation of ERK-1/2, which then
lead to the inhibition of the apoptotic signaling cascade
(Baldanzi et al. 2002). This finding implied activation of
MAPK pathways may participate in cytoprotection.
Increasing evidences have shown that ACh plays a key
role in the regulation of cell morphogenesis, proliferation
and differentiation in many species; the growth-
regulatory action of ACh is associated with signal
transduction pathways involving MAPK signaling
pathways (Ma et al. 2000). The paraventricular nuclei
plays an important role in the regulation of fear, anxiety
and stress (Herring et al. 2004). The neural cell adhesion
molecule (NCAM) mimetic peptide C3d promoted ChAT
activity in septal neurons through the stimulation of
fibroblast growth factor receptor (FGFR) and MAPK
cascade, in this way, played a protective role (Burgess et
al. 2009). Therefore we hypothesized that MAPK might
be involved in the protective role of cholinergic system.
Our previous studies showed MAPK signaling pathway
was activated in locus ceruleus of ARF rats (Zhang et al.
2010). However, whether hypothalamic MAPK signal
pathway was activated in glycerol-induced ARF rats
remains unclear.

Based on these findings, it could be speculated
that ginsenosides might have protective effects and there
might be some interactions between cholinergic system in
the kidney and MAPK signal pathway in the
hypothalamic paraventricular nuclei in glycerol-induced
ARF rats. Therefore, we examined 1) the changes of
malondialdehyde (MDA) and superoxide dismutase
(SOD) in renal cortex homogenate of ARF rats treated
with ginsenoside for 48 h, 2) the changes of choline
acetyltransferase-immunoreactivity (ChAT-IR) in the
PCT of glycerol-induced ARF rats treated with
ginsenoside for 48 h, 3) the changes of phospho-ERK1/2-
immunoreactivity (p-ERK1/2-IR) in the hypothalamic
paraventricular nuclei of glycerol-induced ARF rats
treated with ginsenoside for 48 h.

Methods

Animals

Healthy male Sprague-Dawley rats (Dalian
Medical University Animal Center, China) weighing 180-
220 g were kept on a 12 h/12 h light/dark cycle and
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received food and water ad libitum at room temperature.
During this time, rats were handled daily to avoid stress-
induced expression on the day of the experiment. Special
care was taken to minimize animal suffering and to
reduce the number of animals used to the minimum
necessary.

Animals’ treatment

Sixty four male rats were used in this study.
After several days of adaptation, they were deprived of
water for 16 h from 5 p.m. to 9 a.m.

Forty rats for the experiment in vivo were
divided randomly into four groups(n=10 per group): ARF
+ physiological saline (NS) group, ARF + GS group,
NS+NS group and NS+GS group. After deprived of
water for 16 h, ARF+NS group and ARF+GS group were
given intramuscularly with 10 ml/kg body weight of
50 % (vol/vol) glycerol solution distributed equally in
both hind limbs. As soon as the model was established,
ARF+GS group was given 25 mg GS in 2 ml NS using a
stomach tube, at the same time, ARF+NS group was
given 2 ml NS. The treatment of the other two groups
were similar to them. They were treated with GS or NS
for two consecutive days (once per 6 h, three times per
day).

Another 24 rats for immunohistochemistry were
also divided into 4 groups and treated as described in the
experiment in vivo.

Experiment in vivo

After  treatment  with  ginsenoside  or
physiological saline for 48 h, kidney was removed, then
renal cortex was homogenized with ice-cold
physiological saline. MDA content, a measure of lipid
peroxidation, was assayed in the form of thiobarbituric
acid reacting substances (TBARS) using commercial
reagents (Nanjing Jiancheng Bioengineering Institute,
P.R. China). The SOD was measured by the method of
xanthine oxidase using commercial reagents (Nanjing
Jiancheng Bioengineering Institute, P.R. China). It was
observed by measuring the absorbance at 550 nm.

Immunohistochemistry analysis

Renal sections (8 um thick) were cut on Cryostat
at —12 °C and placed onto low-iron clear glass slides. The
sections above were incubated in 30 % H,0, in methanol

for 10 min and incubated with 0.4 % pepsin for 1 h at
37 °C. The sections were washed three times in PBS
10 min and incubated in the primary antibody (ChAT-Ab,
1:200 Boster Company, P.R. China) 1 h at room
temperature. The sections were then rinsed three times in
PBS for 5 min and incubated in the biotinylated-second
antibody (Boster Company, P.R. China) at room
temperature for 1 h. Then the sections were again rinsed
three times in PBS for 10 min and incubated with the
avidin-biotin complex ABC (Boster Company, P.R.
China) at room temperature for 1 h. Diaminobenzidine
(DAB, Sigma Co, USA) and hematoxylin were used for
signal detection. The control sections were incubated
with PBS instead of primary antibody. Image Pro Plus
image analysis system was used to analyze ChAT-IR
positive granules. Kidney sections were observed in a
microscope at 20x magnification. Optical density of
ChAT-IR positive granules was calculated per area and
per group.

50 uM thick coronal brain sections were sliced
on a vibratome. The identification of paraventricular
nucleus (bregma —1.80 mm to —2.12 mm) was based on
the atlas by Paxinos and Watson. The sections above
were rinsed three times in PBS 10 min and then incubated
with 0.2 % Triton for 5 min. The sections were rinsed
three times in PBS 10 min and incubated with bovine
serum albumin (2 % BSA) (Sigma Co., USA) for 1 h.
Thereafter the sections were incubated in the primary
antibody (p-ERK1/2-Ab, 1:100, Boster Company, P.R.
China) overnight at 4 °C. The sections were then rinsed
three times in PBS for 10 min and incubated with 2 %
BSA for 20 min. Subsequently, the sections were rinsed
three times in PBS for 10 min, and further incubated in
the biotinylated-second antibody (Boster Company, P.R.
China) at room temperature for 2 h. Finally, the sections
were again rinsed three times in PBS for 10 min and
incubated with the avidin-biotin complex ABC (Boster
Company, P.R. China) at room temperature for 2 h.
Diaminobenzidine (DAB, Sigma Co, USA) was used for
signal detection. The control sections were incubated
with PBS instead of primary antibody. The HPIAS series
colorful pathology photographic system was used to
analyze p-ERK1/2-IR positive neurons. The brain
sections were observed in a 20x magnification. The
number and optical density of p-ERK1/2-IR positive
neurons were calculated per area and per group.
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Fig. 1. Changes of MDA and SOD in

g ARF#NS renal cortex homogenate in the ARF
B ARF4G5 rats treated with GS for 48 h. A. MDA
g NSNS in renal cortex; B. SOD in renal
o NG+GS cortex. Data are mean = S.E.M, n=10

(* P<0.05 ARF+NS group vs. NS+NS
il group, #P<0.05 ARF+GS group vs.
ARF+NS group).
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Statistical analysis

All data were expressed as mean + S.E.M.
Statistical evaluation was done using ANOVA with post
hoc test of LSD in Equal Variances Assumed. In all
comparisons, statistical significance was set at P<0.05.

Results

Effect of GS on renal MDA and SOD level

Glycerol-treated rats (ARF+NS group) showed a
significant lipid peroxidation as indicated by a marked
increase of renal MDA level and decreased SOD level as
compared to those in NS+NS group. However, treatment
with GS for 48 h (ARF+GS group) significantly reduced
the MDA level and restored the SOD level as compared
to ARF+NS group (Fig. 1, P<0.05).

Effect of GS on the changes of ChAT-IR in the PCT
in ARF rats induced by glycerol

In the NS+NS group, ChAT-IR positive granules
were detected very weakly in proximal convoluted
tubular cells (Fig. 2C). Optical density of ChAT-IR
positive granules in the ARF+NS group was significantly
increased in PCT compared with that in the NS+NS
group (Fig. 2A, P<0.05). There was a further increase of
optical density of ChAT-IR positive granules in PCT of
ARF+GS group (Fig. 2B, P<0.05) when compared with
that in ARF+NS group. No significant difference was
found in optical density of ChAT-IR positive granules in
PCT, when the NS +GS group (Fig. 2D, P<0.05) was
compared with the NS+NS group. The data on ChAT-IR
in the PCT were summarized in Figure 2.

Effect of GS on the changes of p-ERK1/2-IR in the PVN
in ARF rats induced by glycerol

Immunohistochemistry also showed an obvious
increase of p-ERK 1/2 -IR in the PVN of ARF+NS group

(Fig. 3A, P<0.05); but p-ERK-IR 1/2 was further
enhanced in ARF+GS group compared with ARF+NS
group (Fig. 3B, P<0.05).

Discussion

Intramuscular administration of hypertonic
glycerol is the most common used animal model of
experimental ARF. The mechanism of this model is
rhabdomyolysis induced by hypertonic glycerol
(Ustundag et al. 2009). Hypertonic glycerol produced a
large amount of myoglobin to leak into circulation.
Myoglobin, along with uric acid, can damage the kidney
directly by forming casts within the renal tubules leading
to their obstruction. This blockage of renal tubules
induced necrosis of renal tubular epithelial cell and
produced a large amount of free radical. Myoglobin also
can lead to intrarenal vasoconstriction and decreased
glomerular filtration rate. Finally, all of these factors
cause ARF (Aydogdu et al. 2006, Boutaud and Roberts
2011). Our previous paper reported that glycerol
administration resulted in a significant increase in BUN
and Cre levels as compared to those in NS+NS group,
and the kidneys of rats treated with glycerol showed
marked histological changes in cortex (Zhang et al.
2010). Therefore, the animal model of experimental ARF
was successful.

It was reported that the iron released from the
heme group of the myoglobin. Iron induces the formation
of high-activity oxygen free radicals that increase
oxidative stress and provoke lipid peroxidation and
cellular death (Johnson et al. 2010). It was reported that
glycerol caused the renal oxidative stress. Reactive
oxygen metabolites were proved to be the key mediators
of tissue injury in glycerol-induced ARF model
(Ustundag et al. 2009).
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Fig. 2. Changes of ChAT-IR in PCT treated
with GS for 48 h in ARF rats. A, B, C and D
were stained by DAB. A: ARF+NS group; B:
ARF+GS group; C: NS+NS group; D: NS+GS
group. Bar indicates 60.6 uM, arrow points to
ChAT-IR positive granules. E: Quantitative
analysis of ChAT-IR positive granules in PCT.
* P<0.05 vs. NS+NS group; #P<0.05 vs.
ARF+NS group.

Fig. 3. Changes of p-ERK1/2-IR in PVN in the
ARF rats treated with GS for 48 h. A, B, C
and D were stained by DAB. A: ARF+NS
group; B: ARF+GS group; C: NS+NS group;
D: NS+GS group. Bar indicates 60.6 UM,
arrow points to p-ERK1/2-IR  positive
neurons. E and F: quantitative analysis of
positive neurons and optical mean density of
p-ERK1/2-IR in PVN. * P<0.05 vs. NS+NS
group; # P<0.05 vs. ARF+NS group.
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SOD wused to scavenge free radicals was
decreased when free radicals was increased (Yoon et al.
2008); SOD is a significant index in the research about
oxidative damage. In the present study, we observed that
MDA level in renal cortex homogenate from ARF rats
was significantly increased and the level of SOD in renal
cortex homogenate of ARF rats was markedly decreased,
indicating that reactive oxidative species were generated
in this model in which oxidative damage was enhanced.
In addition, we also demonstrated that the level of MDA
was significantly decreased and the level of SOD was
obviously increased after the treatment with ginsenosides
for 48 h. Similarly, ginsenosides exerted a protective
effects on the progression of renal damage via inhibiting
oxidative stress in type 2 diabetic rats (Kang et al. 2010).
Ginsenoside Rb2 through transcription factor AP2
binding sites and its induction greatly activated the SOD
gene, upregulated expression of SOD and enhanced
antioxidant activity (Kim et al. 1996). Taken together, we
supposed ginsenosides, as inhibitors of lipid peroxidation
resulting from oxidative stress and as an oxidative free
radical scavenger through the increase of SOD, played a
crucial role in the protection against the damage
associated with rhabdomyolysis.

Previous study have indicated in the dog renal
cortex the existence of high-affinity choline uptake and
the presence of ChAT, the enzyme that converts choline
to acetylcholine and acetylcholine grains were also found
in dog renal cortex (Pirola et al. 1991). It was reported
that hypoxia increased the intracellular level of reactive
oxygen species and induced cell apoptosis in mouse ES
cells; but this effect can be inhibited by ACh
administration (Kim et al. 2008). It suggested that
acetylcholine prevented the hypoxia-induced apoptosis of
mouse ES cells by inhibiting the reactive oxygen species
production. These evidences implied renal cholinergic
system played an important role during oxidative stress.
In the present study, we observed that the ChAT-IR was
markedly increased in PCT cell of ARF rats, it may be a
compensatory mechanism of cholinergic system against
the increase of oxyradical and renal ischemia, hypoxia. In
addition, we also observed a further increase of the
ChAT-IR in the PCT of ARF+GS group, compared with
that in ARF+NS groups. Our results suggested that
ginsenoside further up-regulated renal cholinergic system
activity.

Immunostaining for ERK was intense in various
brain regions such as neocortex, hippocampus,
hypothalamus, brainstem (Flood et al. 1998). It was

reported that several physiologically stressful stimuli,
including seizure induction, ischemic insult and
electroconvulsive shock, could activate MAPK signal in
various brain regions (Imbe et al. 2004). Meanwhile, the
MAPK pathway was activated in the process of Ang II-
induced ROS production (Palomeque et al. 2009). NA-
induced p38 MAPK activation, through alpha-
adrenoceptor, had a protective role in cardiomyocytes to
antagonize NA-induced cell death (Tsang and Rabkin
2009). It prompted that MAPK signaling pathways
activation had a cytoprotective action. Other investigators
have reported that the ERK pathway activation was an
important step in the regulation of oxidative stress-
response genes by arecoline (Thangjam and Kondaiah
2009). The nature of the signal transduction suggested
that activation of ERK1/2 may serve as a convergence
site for mMAChR activation in COS-7 cells (Rosenblum et
al. 2000). It implied that the MAPK signaling pathways
activation may influence cholinergic nervous system. A
parasite-derived neurotrophic factor stimulated mRNA
and protein expression of ChAT in PC12 cell, and
activating MAPK signaling pathways is necessary for this
effect (Akpan et al. 2008). The neural cell adhesion
molecule mimetic peptide C3d promoted ChAT activity
in septal neurons through the stimulation of fibroblast
growth factor receptor and the activation of the MAPK
signaling pathway (Burgess et al. 2009). Therefore, we
can speculate that the MAPK signaling pathway was
involved in the regulation of ChAT activity.

The results of the present study also showed that
of the p-ERK1/2-IR in PVN of ARF rats was
significantly increased. It indicates that MAPK signal
pathway in the PVN was excited after intramuscular
injection of glycerol and might be involved in the
regulation of cholinergic system in proximal convoluted
tubule. In addition, we also observed that glycerol-
induced ARF rats treated with ginsenosides for 48 h
enhanced the p-ERK1/2-IR as well as the ChAT-IR in
PCT.

On the basis of the above results, we propose
that glycerol-induced ARF causes the changes not only in
the kidney such as acute tubular necrosis, the increase of
oxidative stress and the upregulation of the ChAT-IR in
the PCT, but also in central nervous system such as the
upregulation of the p-ERKZ1/2-IR in the hypothalamic
PVN. We suggest that both changes in the PCT and PVN
should be one of the compensatory mechanisms both in
the kidney and in central nervous system in ARF rats.
Our study also shows that oral administration of
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ginsenosides not only further increase renal antioxidative
activity by some humoral mechanism, such as activating
cholinergic system activity in the PCT, but also activate
hypothalamic PVN MAPK signal pathway through some
unknown pathways. The possible relationship between
the activation of cholinergic system in the PCT and the
activation of hypothalamic PVN MAPK signal pathway,
and also its correlation with renal protective effect of
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