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Abstract
Background: Nitric oxide (NO), synthesis from L-arginine by Nitric oxide synthesizes (NOS) at kidney mesangial 

cells and involved in functional kidney defects such as acute kidney failure, inflammatory nephritis, diabetic 
nephropathy. CAPE (Caffeic acid phenethyl ester) is natural antioxidant which has anti-inflammatory, anti-tumor 
affects. In this study we investigated effects of NO on rat kidney and therapeutic and protective effects of CAPE. 

Methods: We used albino Wistar rats, weigh 150-200. Our experimental groups: 1) Control 2) L-arginine-given 
group 3) Preventative group (L-arginine and CAPE administered together) 4) Therapeutic group (after L-arginine 
administration; CAPE administered 7 days) (n=10/per group). Kidney tissues harvested and cortex region divided into 
two in order to perform western blot and immunohistochemistry. p38MAPK and active caspase-3 levels investigated 
with western blot and we performed p38MAPK immunohistochemistry. Differences between groups were calculated 
by means of one-way ANOVA and p<0.05 were considered to be statistically significant. 

Results: In L-arginine applied group p38MAPK level increased significantly, when compared to control and 
preventative group (p<0.001). On the other hand there were no statistical significance between control and 
preventative group (p<0.057). Additionally p38MAPK level increased in therapeutic group compared to control and 
preventative group (p<0.001). Moreover, in L-arginine-given group active caspase-3 level significantly increased 
compared to control and preventative group (p<0.05). However, active caspase-3 level in preventative group 
significantly decreased compared to therapeutic group (p<0.05). 

Conclusions: These results suggest that excess NO generation activates p38MAPK signaling pathway 
and triggers apoptosis in the kidney mesangial cells. Additionally, CAPE inhibits L-arginine’s effect and prevents 
mesangial cell apoptosis.
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Introduction
Endogenous L-arginine synthesis is takes place at kidney glomerulus 

[1]. L-arginine is well known material used in the protein synthesis 
for transport, storage and excretion of nitrous products. Particularly, 
L-arginine is main substance of guanidine products such as creatinine
and methylguanidine which are considered as uremic toxins. These
L-arginine metabolites are occupied in renal pathophysiology. Nitric
oxide (NO) is formed in the process of oxidation of L-arginine in
cytoplasm and act as a secondary messenger. NO is involved in the
modulation of renal hemodynamic, regulation of renal tubular and
glomerular functions in the kidney [2-4]. Excess NO is locally produced
and damages the kidney. The NO produced by excess arginine as well
as the creatine and methylguanidin is the major factor to kidney injury
[5,6].

MAPKs compose a family of protein kinases, whose function and 
regulation have been conserved during evolution [7]. The MAPK 
superfamily consists of three well-characterized subfamilies; ERK, p38 
MAPK and JNK [8]. The p38 MAPK family consists of four isoforms, α, 
β, γ and δ, which are activated by several stimuli, including hormones, 
ligands, inflammatory cytokines such as IL-1β and TNF-α, and stresses 
on such as UV radiation, osmotic and heat shock [9]. The downstream 
activities of p38 MAPK include cytokine production, apoptosis, cell-
cycle arrest, regulation of RNA splicing or stabilization, and cell 
differentiation [10]. 

Protective effects of natural antioxidants against drug-induced 
toxicities gain more importance, especially when free radical 
generations are involved. Caffeic acid phenethyl ester (CAPE), a 

phenolic antioxidant derived from the propolis of honeybee hives, is 
currently being used in a number of natural health products. 

CAPE has been shown to have anti-tumor [11], anti-inflammatory 
[12,13], antiviral [14] and immunomodulatory properties [15]. 

In this study we investigated the antioxidative effects of CAPE on 
rat mesangial cells with L-arginine induced excess NO. 

Materials and Methods 
Chemicals 

All chemicals were obtained from Sigma Chemical Inc. (St. 
Louis, MO, USA) and all organic solvents from Merck Chemical 
Inc. (Darmstadt, Germany). All reagents were of analytical grade. All 
reagents except the tris-buffered saline were prepared each day and 
stored in a refrigerator at 4°C. 
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Animal model 

Forty male Spraque-Dawley rats (8-week old, 150–200 g) obtained 
from University of Istanbul Laboratory Animal Production Unit was 
used in the study. The animals were procedure, maintained and used in 
accordance with the “Animal Welfare Act and the Guide for the Care 
and Use of Laboratory animals prepared by the University of Istanbul, 
Animal Ethical Committee”. They were kept in an environment of 
controlled temperature (24–26°C), humidity (55–60%), and controlled 
photoperiod (12 h of light and 12 h of dark) for one week before the 
start of experiment. Rats had free access to water and balanced diet was 
provided ad libitum. 

Experimental design 

The rats used in the study were randomly grouped (10 each) as 
follows: 

a) Sham-operated control animals were injected with 0.1% DMSO 
solution. These animals were also placed in the same environmental 
room conditions as the exposure groups. 

b) As described rats were treated with L-arginine in drinking water 
(2%) for 3 weeks followed by 0.1% DMSO solution injection for 7 days 
(L-arginine-given) [16]. 

c) L-arginine+CAPE treated rats. CAPE was treated (10 μMkg-1day-1) 
i.p. for 3 weeks (preventative group). 

d) Following to L-arginine treatment (3 weeks), CAPE was treated 
(10 μMkg-1 day-1) 7 days (therapeutic group). 

Determination of oxidative stress parameters 

After experimental procedure animals were sacrificed by cervical 
dislocation and blood samples were collected by cardiac puncture to 
evaluate serum Superoxide dismutase (SOD; Cell Biolabs Inc., San 
Diego, CA USA), malonyl dialdehyde (MDA; Cell Biolabs Inc., San 
Diego, CA USA) and nitric oxide (NO; Cell Biolabs Inc., San Diego, 
CA USA) levels according to manufacturer’s instruction. 

Immunohistochemistry 

p38MAPK and phospho-p38MAPK immunostaining was 
performed as described previously [17]. Briefly, 5 µm formalin-fixed, 
paraffin-embedded kidney sections were deparaffinized in xylene and 
rehydrated through a descending ethanol series. Antigen retrieval 
was then performed by boiling the slides in citrate buffer (10 mM; 
pH 6.0) for 15 min, followed by endogenous peroxidase quenching 
with 3% hydrogen peroxide (in 50% methanol/50% distilled water) 
for 15 min. The slides were then incubated with 5% blocking goat 
serum (Vector Labs, Burlingame, CA) in Tris-buffered saline (TBS) 
for 30 min at room temperature in a humidified chamber. Excess 
serum was then removed, and serial sections were incubated with 
either rabbit polyclonal p38MAPK (Cell Signaling Technology Inc., 
Beverly, MA) at 1:200 dilution in TBS and phospho specific p38MAPK 
(Cell Signaling Technology Inc., Beverly, MA) at 1:200 dilution in 
TBS, overnight in a humidified chamber at 4°C. Non-specific rabbit 
IgG isotype antibody was used at the same concentrations as the 
primary antibodies for negative controls. After washing, the slides 
were incubated with biotinylated goat anti-rabbit secondary antibody 
(Vector Labs) at 1:400 dilutions for 30 min at room temperature. After 
washing again in TBS, the antigen-antibody complex was detected with 
an avidin-biotin peroxidase kit (Vector Labs). Diaminobenzidine (3, 
3-diaminobenzidine tetrahydrochloride dehydrate) was used as the 

chromogens to detect p38MAPK and phosphor specific p38MAPK 
immunoreactivity. Slides were then counterstained with hematoxylin 
and mounted. 

The intensity of total and phosphorylated p38MAPK 
immunostainings were semi-quantitatively evaluated using HSCORE 
analysis. Immunostaining intensity was categorized into the following 
scores: 0 (no staining), 1 (weak, but detectable, staining), 2 (moderate 
staining), and 3+ (intense staining). An HSCORE value was derived 
for each specimen by calculating the sum of the percentage of cells that 
stained at each intensity category multiplied by its respective intensity 
score, using the formula HSCORE = Σi(i*Pi), where ‘i’ represents 
the intensity category score, and ‘Pi’ is the corresponding percentage 
of cells [17]. For each slide, five different fields were evaluated 
microscopically at 200Χ magnification. HSCORE evaluation was 
performed independently by two investigators blinded to the source of 
the samples; the average score of both was then used. 

Western blot analysis 

Control and treated kidney glomeruli isolated by differential 
sieving [18] (>75% of the isolated glomeruli were decapsulated) and 
homogenized in buffer (1% Triton X100, 150 mM NaCl, 20 mM Tris, 2 
mM EDTA with protease inhibitor at pH 8). Total protein was determined 
by a detergent-compatible protein assay (Bio-Rad, Hercules, CA). 
Samples (40 μg) were loaded on 10% Tris-HCl Ready Gels (Bio-Rad), 
electrophoretically separated, and electroblotted onto nitrocellulose 
membrane (Bio-Rad). The membrane was blocked with 5% nonfat 
dry milk in TBS containing 0.1% Tween 20 (TBS-T) for 1 h to reduce 
nonspecific binding. Subsequently, the membrane was incubated for 2 
h with primary antibodies against total and phosphorylated p38 MAPK 
[polyclonal rabbit p38 MAPK and polyclonal rabbit phospho-specific 
p38 MAPK, both at 1:1000 dilution, in 2% nonfat dry milk in TBS-T 
(Cell Signaling Technology)] and polyclonal rabbit active caspase-3 
(1:500 dilution, in 5% nonfat dry milk in TBS-T). The membrane was 
washed with TBS-T for 1 h and incubated with horseradish peroxidase-
conjugated anti-rabbit secondary antibody (Vector Labs) diluted at 
1:10000 in TBS-T. The protein was visualized by light emission on 
film (Amersham Biosciences, Buckinghamshire, UK) with enhanced 
chemiluminescence substrate (Amersham Biosciences). Immunoblot 
bands for active caspase-3, total and phosphorylated p38 MAPK were 
quantified using a laser densitometer. 

Statistical analysis 

Data was presented as means ± SEM. A computer program 
(SigmaPlot 11.0, San Jose, CA, USA) was used for statistical analysis. 
Differences between groups were calculated by means of one-way 
ANOVA followed by the Student-Newman-Keuls post hoc test. In all 
comparisons, statistical significance was defined as p<0.05. 

Results 

Water and L-arginine intake 

Total water intake was 14-17mL/rat/day. There was no significant 
increase in fluid intake between experimental groups (Table 1). 

Serum MDA, SOD and NO levels 

L-arginine treatment significantly increased serum NO levels 
(30,34 ± 1,2 Mean ± SEM; Table 2). Preventative CAPE treatment (21,9 
± 0,87), but not therapeutic use of CAPE (23,92 ± 0,75), significantly 
reduced serum NO levels (Table 2). Additionally in L-arginine-
given group serum MDA levels (4,1 ± 0,12) were significantly higher 
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compared to control (2,79 ± 0,09) and preventative group (3,02 ± 0,13; 
Table 1). Furthermore, there were no significance between L-arginine-
given and therapeutic group (3,56 ± 0,2). On the other hand, serum 
SOD levels were significantly higher in control (25,18 ± 0,5) and 
preventative group (24,5 ± 0,6) compared to L-arginine (18,9 ± 0,8) 
and therapeutic group (21,5 ± 0,7; Table 2). 

Effects of L-arginine and CAPE on the phosphorylation of 
p38MAPK in kidney mesangial cells 

Control, L-arginine treated, preventative and therapeutic kidneys 
were immunostained for total- and phospo-p38MAPK (Figure 1). 
HSCORE analysis revealed that immunoreactivity for phospho-
p38MAPK (brown) was significantly greater in the cytoplasm of 
mesangial cells from L-arginine treated tissues (Figure. 1B) compared 
with control (Figure 1A) specimens (mean ± SEM HSCORE: 216,88 
± 5,08 vs. 113,13 ± 3,07, respectively, P<0.05; Figure 1F). However, 
phospho-p38MAPK HSOCREs were not significantly different in 
control (Figure 1A) and preventative tissues (Figure 1C; mean ± 
SEM HSCORE: 216,88 ± 5,08 vs. 113,13 ± 3,07, respectively, p<0.05). 
(Figure 1D and 1E). Consistent with the p38MAPK HSCORE analysis 
presented above, p38MAPK phosphorylation was significantly higher 
in L-arginine treated group compared to control and preventative 
group (p<0,05; Figure 2). Again consistent with the HSCORE analysis 
there was no significant difference between control and preventative 
group (Figure 2, p>0,05). The total p38 MAPK levels did not show any 
change with any of the treatments. 

Determination of active caspase-3 Levels 

Active Caspase-3 western blot analysis revealed that in the 
preventative group active caspase-3 expression was significantly 
decreased in kidney mesangial cells compared to therapeutic and 
L-arginine-given group (Figure 3, p<0.001). On the other hand, there 
were no difference between therapeutic and L-arginine treated group 
(Figure 3, p>0.05). 

Discussion 
Our study revealed that L-arginine induced excess NO generation 

leads mesangial cells to apoptosis through p38MAPK signaling pathway 
and CAPE, if used as preventative but not as therapeutic, could prevent 
this damaging effect of excess NO and renal failure. We investigated the 
effect of CAPE on L-arginine induced apoptosis in mesangial cell, and 
found that CAPE; if used as preventative, protect mesangial cells from 
L-arginine induced apoptosis. 

Water Intake
Control 14 mL/rat/day
L-Arginine 16 mL/rat/day
Preventative 17 mL/rat/day
Therapeutic 16 mL/rat/day

Table 1: Total water intake. There was no significant increase in fluid intake 
between experimental groups.

Control L-Arginine Preventative Therapeutic P value
NO 19,85 ± 0,6 30,34 ± 1,2† 21,9 ± 0,87 23,92 ± 0,75 <0,001
MDA 2,79 ± 0,09 * 4,1 ± 0,12 3,02 ± 0,13 * 3,56 ± 0,2 <0,001
SOD 25,18 ± 0,5 * 18,9 ± 0,8 24,5 ± 0,6 * 21,5 ± 0,7 <0,001

† vs Control, Preventitive and Therapeutic; * vs L-Arginine and Therapeutic 
Table 2: Serum NO, MDA and SOD levels.
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Figure 1: Immunohistochemical analysis of phospho-p38MAPK 
expression in control, L-Arginine-given, preventative and therapeutic 
group mesangial cells. Representative micrographs of serial sections 
from control (A); L-arginine-given (B); preventative (C) and therapeutic 
(D) specimens are shown. Phospho-p38MAPK immunostaining (brown) 
in mesangial cells was mostly cytoplasmic. Between groups, phospho-
p38MAPK immunostaining was greater in L-arginine-given (B) vs. control 
(A) and preventative (C) mesangial cells, while there was no significant 
difference among L-arginine-given and therapeutic (D) group. Phospho-
p38MAPK intensity HSCOREs in control, preventative and L-arginine-
given specimens (mean ± SEM) are shown (F); * vs. L-arginine-given and 
therapeutic mesangial cells; † vs. L-arginine-given and therapeutic mesangial 
cells; p<0.05. Parallel staining with a rabbit isotype was used as a negative 
control for phospho-p38MAPK antibody (E).
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Figure 2: Western blot analysis of phopho- and total-p38MAPK. Control 
and treated kidneys were homogenized in buffer and subjected to sodium 
dodecyl sulfate-polyacrilamide gel electrophoresis and Western blotting. Bars 
represent mean ± SEM of phospho-p38MAPK/total p38MAPK levels (n=10). * 
versus L-arginine-given and therapeutic; p<0.05.
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Excessive dietary arginine evokes renal failure by increasing the 
production of NO in the kidney. Sandau K et al. showed that L-arginine 
could lead mesangial cell apoptosis and MAPK signaling involved in 
this process [19-21]. In the present study the administration of excess 
L-arginine increased the concentration of NO, evokes apoptosis of 
mesangial cells by increasing p38MAPK expression. Noris et al. [22] 
reported that arginine levels and NO synthesis were higher in uremic 
patients than in healthy persons and this data suggest us an explanation 
for the increased NO synthesis in uremia. Also, in the present study, 
nitric oxide level was higher in arginine-given group than in control 
group. It raises the possibility that the increase in NO production may 
be attributable to dietary arginine and that it may cause renal injury. 

Therefore, if CAPE used as preventative suppresses the production 
of NO and it would be predicted to ameliorate the renal injury induced 
by excessive arginine. Furthermore, CAPE has a potent scavenging 
effect through the inhibition of oxidative stress-induced apoptosis 
[23]. Yokozawa et al. [24] reported that excessive arginine affected 
the activity of antioxidative enzymes in the renal peroxisomes and 
the reductions in the SOD and catalase activities induced by arginine 
imply that reactive oxygen species were generated and the immune 
system was weakened. In the present study CAPE inhibited p38MAPK 
signaling by suppressing NO production and prevents mesangial cell 
apoptosis. 

In summary, CAPE might play a crucial role of NO inhibition as 
free radical scavenging effect. In addition, it was found to ameliorate 
apoptotic effect of L-arginine in mesangial cells, which suggests that 
CAPE can protect renal cells against oxidative injury and apoptosis by 
suppressing p38MAPK signaling. 
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Figure 3: Western blot analysis of active caspase-3, apoptosis 
indicator, levels. Control and treated kidneys were homogenized in buffer 
and subjected to sodium dodecyl sulfate-polyacrilamide gel electrophoresis 
and western blotting. Bars represent mean ± SEM of active caspase-3 levels 
(n=10). * versus L-arginine-given and therapeutic; p<0.001.
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