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Abstract

Caffeic acid phenethyl ester (CAPE) has antioxidant and anti-inflammatory properties. The aim of this study
is to examine the negative effects of toluene on kidney tissues and functions and to investigate the protective
effects of CAPE against toluene-induced nephrotoxicity in rats. A total of 2| male Wistar rats were divided
into three groups of equal number in each. The rats in group | were the controls. Toluene was intraperito-
neally injected into the rats in group Il with a dose of 500 mg/kg. Rats in group Ill received CAPE daily while
exposed to toluene. After 14 days of experimental period, all rats were killed by decapitation. Enzymatic
activities of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase (CAT) and malon-
dialdehyde (MDA) levels were studied in the rat kidneys. Blood urea nitrogen (BUN) and serum creatinine
levels were measured for renal function. The CAT and SOD enzyme activities and serum creatinine levels
were significantly increased in rats treated with toluene when compared with the controls. But GSH-Px
activity, MDA, and BUN levels showed statistically nonsignificant changes. However, increased CAT and
SOD enzyme activities and decreased serum creatinine levels were detected in the rats that received CAPE
while exposed to toluene. The GSH-Px activity and MDA and BUN levels in the same group did not show
statistically significant changes. The results of our study demonstrated that toluene damages kidney tissue
and is a nephrotoxic substance. CAPE was able to prevent the renal damage as antioxidant, antitoxic, and
nephroprotective agent.
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Introduction

Toluene is an aromatic hydrocarbon and an organic
solvent that is harmful to the human body. It is widely

used in industries where adhesives, erasers, plastics,
leather, dyes, dye thinners, and printing pastes are
manufactured. Toluene exposure is quite common
among individuals who are working in the abovemen-
tioned industries (ATSDR, 2007; Thiel and Chahould,
1997). Furthermore, toluene has an addictive pot-
ential. Therefore, substance abuse can be a matter of
concern (ATSDR, 2007; Coskun et al, 20006;
Mendoza-Cantu et al., 2006; Tomei et al., 1999; Tsat-
sakis et al., 1997). Toluene has lipophilic properties
and can rapidly diffuse into the tissues of certain
organs such as the brain, liver, and kidneys. Therefore,
even short-term exposure may cause the emergence of
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side effects. Depending on its concentrations in blood,
toluene may cause severe clinical disorders including
coma (ATSDR, 2007).

Caffeic acid phenethyl ester (CAPE) is an active
component of propolis, a substance produced by
honeybees. CAPE has antiproliferative, antioxidant,
anti-inflammatory, and immune-modulator effects
(Ogetiirk et al., 2005; Kus et al., 2004; Borrelli et al.,
2002; Hepsen et al., 1997; Natarajan et al., 1996; Mir-
zeova and Calder, 1996). In many studies, it was deter-
mined that CAPE was capable of increasing the
enzyme activities of some antioxidants and preventing
oxidative damage in tissues (Ogetlirk et al., 2005; Kus
et al., 2004). However, even though the antioxidant
effect of CAPE is demonstrated in many studies, there
are no studies related to its effect on biochemical and
histological alterations that may occur in kidney tissues
as a result of toluene exposure. Therefore, we exam-
ined the protective effect of CAPE against toxic effects
that may occur in kidney tissues as a consequence of
toluene administration in this study.

Materials and methods

Animals and treatments

Adult male Wistar rats (200-250 g) were obtained from
Experimental Research Centre of Gaziantep University
(Gaziantep, Turkey). The animal studies were carried
out according to the guidelines of the European Com-
munity Council for experimental animal care. Animals
were housed individually on a 12-h light:12-h dark cycle
(lights on at 08.00 h), at a temperature of 21 + 1°C and
50% humidity. Food (standard pellet diet) and tap water
were supplied ad libitum. The animals were equally
divided into three groups. Rats in group I (n = 7) served
as controls, which were given a vehicle (0.1 ml/10 g/day
corn oil, intraperitoneally). Toluene was intraperitone-
ally injected into the rats in group II (» = 7) with a dose
of 500 mg/kg/day (0.1 g/ml, in corn oil) (Chien et al.,
2005). Rats in group III received CAPE (10 pumol/kg)
daily, while being exposed to toluene (500 mg/kg/day,
intraperitoneally). After 14 days of experimental period,
all rats were killed by decapitation. Blood samples were
collected for the determination of serum creatinine and
blood urea nitrogen (BUN) levels. The kidneys of the
rats were removed. Some of the kidney tissue specimens
were washed twice with cold saline solution, placed into
glass bottles, labeled, and stored frozen (—30°C) for the
eventual determination of superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), catalase (CAT),
and malondialdehyde (MDA) production. The other

kidney tissue specimens were used for light micro-
scopic evaluations.

Biochemical analysis

The tissues were weighed and homogenized in four
volumes of ice-cold Tris—hydrochloric acid buffer
(50 mM, pH 7.4) containing 0.50 ml/lI Triton X-100
in a homogenizer (IKA Ultra-Turrax T 25 Basic, [IKA
Werke GMBH & CO., KG, Staufen, Germany) for 2
min at 13,000 r/min. All procedures were performed
at +4°C. Tissue homogenates were centrifuged at
5000g for 60 min to remove debris, and the clear
supernatant fluids were separated and kept at —40°C
until the enzyme activity measurements were per-
formed (about a week later).

Determination of SOD activity. Total (copper—zinc and
manganese) SOD (EC 1.15.1.1) activity was deter-
mined based on the method of Sun et al. (1988). The
principle of the method is based on the inhibition
of nitro blue tetrazolium (NBT) reduction by the
xanthine—xanthine oxidase system as a superoxide
generator. Activity was assessed in the ethanol phase
of the supernatant after 1 ml of an ethanol—chloroform
mixture (5:3, v/v) was added to the same volume of
sample and centrifuged. One unit of SOD was defined
as the amount of enzyme causing 50% inhibition in
the NBT reduction rate. The SOD activity was
expressed as units per gram of protein.

Determination of GSH-Px activity. GSH-Px (EC 1.6.4.2)
activity was measured by the method of Paglia and
Valentine (1967). The enzyme reaction in the tube
containing nicotinamide adenine dinucleotide phos-
phate, reduced glutathione (GSH), sodium azide, and
GSH reductase was initiated by the addition of hydro-
gen peroxide (H,0,), and the change in absorbance at
340 nm was monitored by a spectrophotometer.
Activity was expressed as units per gram of protein.

Determination of CAT activity. CAT (EC 1.11.1.6) activ-
ity was measured according to the method of Aebi
(1974). The principle of the assay is based on the
determination of the rate constant &£ (dimension: per
second) of H,O, decomposition. By measuring the
absorbance changes per minute, the rate constant of
the enzyme was determined. Activities were expres-
sed as rate constant (k) per gram of protein.

Determination of MDA level. The tissue MDA level was
determined using the method of Esterbauer and
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Table 1. The activities of SOD, CAT and GSH-Px enzymes and levels of MDA in renal tissue in control, toluene, and

toluene + CAPE.?

Group MDA (nmol/g tissue)  SOD (U/mg protein)  CAT (k/g protein)  GSH-Px (U/g protein)
I: Control 4.65 + 0.51 0.059 + 0.004 .71 + 0.09 2.04 + 0.12

[I: Toluene 458 + 0.39 0.041 + 0.001 .10 + 0.07 2.17 + 0.06

lll: Toluene + CAPE 4.60 + 0.33 0.053 + 0.002 .48 + 0.11 .93 + 0.08
p<(lvs.ll) NS 0.001 0.001 NS
p<(lvs. 1l NS NS NS NS

p < (Il'vs. 1l NS 0.0l 0.01 NS

CAPE: caffeic acid phenethyl ester; SOD: superoxide dismutase; GSH-Px: glutathione peroxidase; CAT: catalase; MDA:

malondialdehyde.
®Results are presented as mean + SEM.

Cheeseman (1990), based on its reaction with thiobar-
bituric acid (TBA) at 90-100°C. In the TBA test reac-
tion, MDA and TBA react to produce a pink pigment
with an absorption maximum at 532 nm. The reaction
was performed at pH 2-3 and at 90°C for 15 min. The
sample was mixed with two volumes of cold 10%
(w/v) trichloroacetic acid to precipitate the protein.
The precipitate was centrifuged and an aliquot of the
supernatant was reacted with an equal volume of
0.67% (w/v) TBA in a boiling water bath for 10 min.
After cooling, the absorbance was read at 532 nm.
Results were expressed as nanomoles per gram of wet
tissue with reference to a standard curve prepared
from measurements made with a standard solution
(1,1,3,3-tetramethoxypropane).

Determination of serum creatinine and BUN. The BUN
and serum creatinine levels were determined with
an autoanalyzer (Synchron LX 20, Ireland) using
commercial Beckman Coulter diagnostic kits (Beck-
man Coulter Inc., CA, USA).

Histological examination

For light microscopic examinations, kidney samples
were fixed in 10% neutral-buffered formalin. After dehy-
drating with graded alcohol series, tissues were
embedded in paraffin. Several 5-um-thick transverse sec-
tions were obtained from kidney tissue blocks and stained
with hematoxylin and eosin for histological evaluation.
Sections were examined and photographed with an
Olympus DP20 camera attached—Olympus CX41 photo-
microscope (Olympus Europa Holding GMBH, Ham-
burg, Germany) for characteristic histological changes.

Statistical analysis

Data were analyzed using a commercially available sta-
tistics software package (SPSS for Windows v. 12.0,

Chicago, Illinois, USA). Distribution of the groups was
analyzed with one sample Kolmogrov—Smirnov test.
All groups showed normal distribution; therefore, para-
metric statistical methods were used to analyze the data.
One-way analysis of variance test was performed and
post hoc multiple comparisons were made using least-
square differences. Results are presented as mean +
SEM; p < 0.05 was regarded as statistically significant.

Results
Biochemical results

Reduction in CAT and SOD enzyme activities was
found to be statistically significant in toluene-
administered rats when compared with rats in the con-
trol group (p <0.001). However, despite alterations in
GSH-Px enzyme activity, MDA levels were found to
be statistically insignificant. Both CAT and SOD
enzyme activities increased in rats when toluene was
administered along with CAPE (p < 0.01). Once
again, in the same group, variations in GSH-Px activ-
ity and MDA levels were considered statistically
insignificant (Table 1).

Serum creatinine levels were significantly
increased in rats treated with toluene when compared
with the control group (p < 0.001). Additionally, the
decreased serum creatinine levels were detected in the
rats administered with CAPE acid while exposed to
toluene (p < 0.01). However, BUN levels were found
to be statistically insignificant when compared
between groups (Table 2).

Light microscopic results

Histological assessment displayed normal glomerular
and tubular structures of the kidney tissue in the con-
trol group (Figure 1). However, glomerular and tubu-
lar structures of the kidney tissue in the toluene group



18

Toxicology and Industrial Health 32(1)

Table 2. The serum creatinine and BUN levels in control,
toluene, and toluene + CAPE groups.?

Group Creatinine (mg/dl) BUN (mg/dl)
I: Control 0.36 + 0.01 248 + 0.83
Il: Toluene 0.48 + 0.38 23 + 1.68
lll: Toluene + CAPE 0.37 + 0.15 25.1 + 1.57
p<(lvs.ll) 0.001 NS
p<(lvs. Il NS NS
p < (Ilvs. 1l 0.01 NS

BUN: blood urea nitrogen; CAPE: caffeic acid phenethyl ester.
?Results are presented as mean + SEM.

Figure I. Normal glomerular and tubular structure in the
control group (hematoxylin and eosin, x200).

were found to be damaged when compared with the
control group (Figures 2 and 3). It was determined
that shrinkage in the glomerular tufts, differentiation
in the capsule, and increase in the connective tissue
in the interstitial area all occurred. Glomerular tufts
and the renal tubular structure of the toluene + CAPE
group were found to be almost the same as the control
group (Figures 4 and 5).

Discussion

In the current study, we investigated the negative
effects of toluene on kidney tissues and functions.
Accordingly, serum creatinine levels and BUN values
were measured. SOD, GSH-Px, and CAT enzyme
activities, along with MDA levels, were measured to
evaluate oxidative stress. Additionally, histopatholo-
gical alterations were also assessed. Furthermore, in
addition to abovementioned effects, the antioxidant
and nephroprotective effects of CAPE were investi-
gated against the toxic effect caused by toluene.

Figure 2. Shrinkage in glomerular tufts (3) and differentia-
tion of the capsule (*) in the toluene group (hematoxylin
and eosin, x 100).

Figure 3. Increase in connective tissue at the interstitial
area (*) in the toluene group (hematoxylin and eosin, x 100).

There are several studies on substances that cause
renal toxicity (Tutanc et al, 2012; Zararsiz et al.,
2007; Ogetiirk et al., 2005). One of them is toluene.
Toluene has a toxic effect on many organs such as the
brain, liver, and kidneys. It has been reported that
toluene exposure leads to serious conditions such as
metabolic acidosis, hypokalemia, hematuria, protei-
nuria, distal tubular renal acidosis, formation of renal
stones, and pyuria as a result of nephrotoxicity
(ATSDR, 2007; Streicher et al., 1981; Kroege et al.,
1980). It is obvious that toluene can deteriorate the
renal glomerular and tubular structures and cause the
emergence of the mentioned clinical disorders. The
histological assessment of the current study demon-
strated that the glomerular and tubular structures of
the renal tissues in the control group were normal.
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Figure 4. General tubular structure in the toluene + CAPE
group similar to the control group (hematoxylin and eosin,
x 200). CAPE: caffeic acid phenethyl ester.

However, the normal structures of the mentioned tis-
sues were corrupted and there were signs of shrinkage
in the glomerular tufts and differentiations in the cap-
sule. Additionally, an increase in the connective tissue
at the interstitial area was observed. These findings
reveal the nephrotoxic effects of toluene. In our study,
when toluene and CAPE-administered groups were
considered, we determined that the corrupted glomer-
ular and tubular structures in the toluene group were
quite close to the corrupted glomerular and tubular
structures in the control group. Consequently, we may
assume that CAPE displayed a nephroprotective
effect. In a study carried out by Parlakpinar et al.
(2005), it was stated that the deterioration was
observed in the glomerular and tubular structures as
a result of renal toxicity, while CAPE was able to
recover the mentioned damage. Such findings show
a similarity to the findings of our current study. In
another study, it was reported that CAPE was capable
of removing histopathological deterioration that
occurs in the kidneys as a result of the toxic effect
of toluene (Ogetiirk et al., 2005).

The increase in free radicals or the decrease in anti-
oxidant enzymes can cause oxidative damage in tis-
sues. Enzymes such as SOD, CAT, and GSH-Px are
recognized as antioxidant enzymes. Another indicator
of oxidative damage is the MDA level (Coskun et al.,
2006; Ozyurt et al., 2006; Elsayed and Bendich, 2001;
Karla et al., 1991). In many studies, toluene is found
to lead to oxidative stress in multiple tissues. A study
carried out by Coskun et al. (2006) on peripheral
nerves indicated a decrease in tissue SOD and GSH-
Px levels in the toluene group when compared with

Figure 5. Glomerular tufts (3) in the toluene + CAPE
group similar to the control group (hematoxylin and eosin,
x 200). CAPE: caffeic acid phenethyl ester.

the control group, while there were no increases in
tissue CAT levels. In another study, aromatic hydro-
carbons such as toluene were found to reduce the ratio
of liver SOD and CAT enzyme levels in the toluene
group when compared with the levels of the control
group (Otitoloju and Olagoke, 2011). In our study,
CAT and SOD enzyme activities significantly
reduced in toluene-applied rats when compared with
the rats in the control group. However, it was also
determined that the changes in the GSH-Px enzyme
activity and the MDA levels were statistically insig-
nificant. Our findings demonstrate a similarity with
the findings mentioned above. Consequently, toluene
is expressed to cause oxidative stress in the renal tis-
sue. However, it is possible to state that the oxidative
stress did not occur due to lipid peroxidation, but
occurred as a result of a decrease in the level of anti-
oxidant enzymes, which led to a deterioration of the
balance in the antioxidant defensive system.

The antioxidant properties of CAPE are displayed
in multiple studies. In a study on renal toxicity, it was
reported that SOD, CAT, and GSH-Px activities
increased in the CAPE group when compared with the
activities in the toxic group (Parlakpinar et al., 2005).
In another study conducted on lithium toxicity and the
kidneys, it was also reported that the activities of the
mentioned enzymes showed an increase in the CAPE
group when compared with the activities in the
lithium group (Oktem et al., 2005). In a recent study,
it was determined that SOD, CAT, and GSH-Px
enzyme levels in the CAPE group showed a signifi-
cant increase when compared with the ischemia group
(Shi et al., 2010). In an experimental study on acute
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renal failure, it was stated that CAPE was able to only
increase the SOD level among the SOD, CAT, and
GSH-Px enzyme activity levels (Aydogdu et al.,
2004). In the study carried out by Gokce et al.
(2009), it has been reported that CAPE alone may
directly increase CAT activity and prevents cyclos-
porine A-induced nephrotoxicity in rats. In the current
study, an increase was determined in the SOD and
CAT enzyme activity levels in rats that received
CAPE and toluene together when compared with the
rats in the toluene group. However, no change was
determined in the GSH-Px enzyme activity level and
the MDA levels. Based on these findings, we can
assume that CAPE is able to prevent oxidative dam-
age in renal tissue that is induced by toluene.

Renal functions can be followed by monitoring
serum creatinine and BUN levels. However, clinical
serum creatinine levels are more important than BUN
levels at the early stages of renal disease (Erdem et al.,
2000). In the current study, a significant increase was
observed in serum creatinine levels in the rats
included in the toluene group when compared with the
rats included in the control group. This finding indi-
cates that toluene causes deterioration in renal func-
tions. When CAPE was administered talong with
toluene, it was observed that CAPE caused a decrease
in serum creatinine levels in the group of rats when
compared with the rats in the toluene group. Thus,
we can assume that CAPE was able to improve renal
functions. However, no changes were determined
when BUN levels of both the groups were compared.
In a study carried out by Parlakpinar et al., serum
creatinine and BUN levels showed a tendency to
increase due to nephrotoxicity, but CAPE was able
to reduce the mentioned levels. Based upon this find-
ing, it was stated that CAPE demonstrated antioxidant
properties against the types of reactive oxygen that
impair the glomerular filtration rate (GFR) (Parlakpinar
et al., 2005). GFR is inversely proportional to serum
creatinine and is widely used in the measurement of
renal functions.

The results obtained from biochemical and histolo-
gical assessment demonstrated damage to the kidney
tissue, and nephrotoxicity was found to be occurred
as a consequence of toluene administration. CAPE
was able to prevent the mentioned damage. At the end
of this study, we conclude that CAPE could be a use-
ful antioxidant, antitoxic, cytoprotective, and nephro-
protective agent against tissue damage that may occur
in individuals who are exposed to toluene as a result
of toluene addiction or occupational obligations.

Additionally, toluene addiction and occupational
toluene exposure is a social problem. Any attempts
made to remove addiction and prevent exposure may
be helpful to solve this problem. CAPE can be used as
an add-on therapy to the main treatment. However, it
would be wise to investigate the effect of CAPE on
the life quality and lifespan of individuals in future
studies.
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