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ABSTRACT

Microscopic features and antioxidant status of kidneys of young, old, and caffeic'acid phenethyl ester (CAPE)
and melatonin administered old Sprague Dawley rats were evaluated. Aging-related tubular and glomerular
changes were evident. The most prominent tubular alterations were massive vacuole formation, mitochondrial
degeneration, and lysosome accumulation. Mean tissue malondialdehyde (MDA) level was increased, mean
tissue superoxide dismutase (SOD), catalase (CAT) (p < .001), and glutathione peroxidase (GPx) activities
(p < .05), and total glutathione (GSH) level were decreased in old animals. Melatonin significantly reduced
tissue MDA levels (p < .005), but increased tissue SOD (p < .001), CAT, and GPx activities (p < .05), and GSH
levels (p < .005) in old animals. CAPE also significantly reduced tissue MDA levels (p < .005), but increased
tissue SOD (p < .05), CAT (p < .005), GPx activities, and GSH levels (p < .001) in old rats. Mean tissue MDA
levels of melatonin and CAPE-administered rats were even lower than those of young rats (p <.05). In conclu-
sion, tubular and glomerular structures and tissue antioxidant enzyme activities were very well preserved in

CAPE and melatonin-administered rats.
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The oxidative stress theory of aging has become the
prominent theory to explain aging at the molecular
level. A large amount of research-has reported.a cor-
relation between increased oxidative damage and age
and, a correlation between increased manipulations
that increase lifespan and a reduction'in oxidative
damage and/or increase in resistance to oxidative
stress [1]. Free radicals and reactive oxygen species
(ROS) in particular play an important part in aging-
induced oxidative stress. These are by-products of
cell metabolism; particularly in the mitochondria,
the lysosomes and the peroxisomes. In general, the
majority of ROS are released as by-products of res-
piration from an electron transport chain located on
the mitochondrial inner membrane. Due to the close
proximity of ROS generation site and to the high
membrane surface, mitochondria become the first
potential targets of ROS attack. ROS result in damage

to cellular protein, lipids, proteins, and DNA through-
out the cell. This damage has been implicated as a
cause of aging.

The effects of normal aging on the kidney are
both structural and functional. Morphologic changes
involve the renal blood vessels, glomeruli, tubules,
and interstitium [2]. Renal changes that occur with
aging are decrease of renal weight, thickening of the
intrarenal vascular intima, sclerogenous changes of
the glomeruli, infiltration of chronic inflammatory
cells, and fibrosis in the stroma. Altered renal tubular
function, including impaired handling of water,
sodium, acid, and glucose, is also frequently present
in old age [2,3]. Regardless of the anatomic structure
initially affected, most chronic renal conditions
evolve with destruction of the entire nephron.
It is not clear whether the observed decrease in
renal function associated with aging is the result
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of intervening pathologic processes, e.g., ischemia
(vascular obliteration) or infection, or is the result of a
more insidious involutional process [4].

In mammals, including humans, melatonin is pro-
duced by and secreted from the pineal gland during the
night; however, the nighttime production of melatonin
falls markedly with aging such that in senescent animals
a nighttime melatonin rise is barely measurable [5, 6].
Melatonin is a highly efficient free radical scavenger
and antioxidant both in vitro and in vivo. Furthermore,
melatonin greatly potentates the efficiency of previously
discovered endogenous and exogenous antioxidants [6].
The loss of this potent antioxidant during aging may be
consequential in terms cellular and organismal aging as
well the onset of age-related diseases.

Caffeic acid phenethyl ester (CAPE), an active compo-
nent of propolis produced by honeybees, exhibits anti-
oxidative and anti-inflammatory properties. It has been
shown to protect kidneys against carbon tetrachloride [7]
and vancomycin toxicity [8] and shock wave-induced
renal oxidative damage [9]. To our knowledge; there is
no ultrastructural study evaluating the effects of melato-
nin and CAPE administration on kidney ultrastructure in
aging and this is the first experimental study evaluating
the effect of CAPE on aging associated kidney damage.

Herein, we aim to investigate light and electron
microscopic and biochemical changes in old rats and
the effects of melatonin and CAPE administration on
these harmful changes.

MATERIALS AND METHODS
Animals and Experimental Protocol

Twenty-eight male Sprague Dawley rats weighing
200450 g were used. Animals were fed standard rat
chow and tap water ad libitum. They were maintained
on a 12-h light/12-h dark cycle at 21°C.

Animals were randomly divided into 4 groups. The
first group included 4-month-old rats (young group,
n =7), and groups 2—4 included 18-month-old rats (old
groups, n =7 each). The animals from group 3 received
5 mg/bw/day melatonin (Old + Mel), and group 4 rats
received 15 mg/bw/day CAPE (Old + CAPE), both
intraperitoneally for 95 days. Melatonin was dissolved
in absolute ethanol and further dilutions were made in
saline, with 1% final concentrations of ethanol. CAPE
was prepared in the biochemistry laboratory accord-
ing to standard method described by Grunberg et al.
10 Animals from groups 1 and 2 were injected with
equivalent doses of saline. At the end of the experiment
animals were sacrificed by decapitation.

Animal experiments were performed in accordance
with the guidelines for animal research from the
National Institute of Health and were approved by the
Committee of Animal Research at Inonu University,
Malatya, Turkey.

© 2012 Informa Healthcare USA, Inc.
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Microscopic Examination

Kidneys were rapidly removed and divided to three
portions. The first portions were placed in 10% buff-
ered formalin and prepared for routine paraffin embed-
ding. Sections of tissues were cut at 5 um, mounted on
slides, stained with hematoxylin—eosin (HE), Masson’s
trichrome, and periodic acid-Schiff (PAS). Sections
were examined by a Leica DFC280 light microscope
and Leica Q Win and Image Analysis system (Leica
Micros Imaging Solutions, Cambridge, UK) by a blind
observer. Kidney damage was scored by grading glo-
merular, tubular, and interstitial changes with a maxi-
mum score of 21. Glomerular damage (sclerotic changes
such as matrix expansion, narrowing or disappearance
of the Bowman'’s space, adhesion of capillary tuft to the
Bowman’s capsule, capillary collapse, and thickening
of glomerular basement membrane) was evaluated
as 0, absent; 1, <25% of glomeruli affected; 2, 25-50%
of glomeruli affected; 3, >50% of glomeruli affected.
Tubular injury was defined as tubular dilatation and
tubular atrophy, epithelial degeneration, vacuolization,
and tubular cast formation including thyroidization.
Grading for each of these tubular changes was scaled
as 0, absent; 1, <25% of tubules affected; 2, 25-50% of
tubules affected; 3, >50% of tubules affected. The pres-
ence of interstitial cell infiltration and congestion were
each judged as 0, absent; 1, mild; 2, moderate; 3, severe.

The second part of the tissues was processed for elec-
tron microscopic examination. For that purpose, sam-
ples were fixed in 2.5% gluteraldehyde buffered with
0.2 M NaH,PO, + NaHPO, (pH = 7.2-7.3) and postfixed
in 1% OsO,. After dehydration in acetone, they were
embedded in Araldite CY 212. Ultrathin sections stained
with uranyl acetate and lead citrate were examined in a
Carl Zeiss Libra 120 electron microscope.

Biochemical Assays for Determination
Oxidative Stress

The rest of the tissue samples were stored at -80°C for
the determination of malondialdehyde (MDA), super-
oxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GSH-Px), and total glutathione (GSH).

Homogenization

Tissues were homogenized (PCV Kinematica Status
Homogenizator) in ice-cold phosphate-buffered
saline (pH 7.4). The homogenate was sonified with an
ultrasonifier (Bronson sonifier 450) for 3 cycles (20-s
sonications and 40-s pause on ice). The homogenate
was centrifuged (15,000g, 10 min, 4°C) and cell-free
supernatant was subjected to enzyme assay immediately.

Determination of Enzyme Activities
CAT assay. CAT activity was measured at 37°C by fol-
lowing the rate of disappearance of hydrogen peroxide
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(H,0,) at 240 nm (g,,, = 40 M cm™) [11]. One unit of
catalase activity is defined as the amount of enzyme
catalyzing the degradation of 1 umol of H,O, per min
at 37°C and specific activity corresponding to transfor-
mation of substrate (in umol) (H,O,) per min per mg
protein.

SOD assay. SOD (Cu, Zn-SOD) activity in the super-
natant fraction was measured using xanthine oxidase/
cytochrome ¢ method [12], where 1 unit (U) of activity
is the amount of enzyme needed to cause half-maximal
inhibition of cytochrome ¢ reduction. The amount of
SOD in the extract was determined as units of enzyme
mg™ protein, utilizing a commercial SOD as the standard.

GSH-Px assay. GSH-Px activity was determined in a
coupled assay with glutathione reductase by measur-
ing the rate of NADPH oxidation at 340 nm using H,O,
as the substrate [13]. The enzyme reaction contained
30 mM potassium phosphate, pH 7.0, 1 mM EDTA,
0.2 mM NADPH, 2 mM GSH, 1 mM sodium azide, 1 U
glutathione reductase, and 0.1 mM H,O,. One unit of
GSH-Px is defined as the amount of NADPH (umol)
converted to per min per mg protein.

GSH assay.The total glutathione level was performed
using the method of Theodorus et al. with some modifica-
tions [14]. The reaction mixture contained 50 mM sodium
phosphate, 1 mM EDTA, 0.5 mM DTNB, 0.2 mM NADPH,
and 0.5 U/mL of glutathione reductase. Homogenate
(10 pL) was added to initiate the reaction but was omit-
ted for control. The formation of 5-thio-2-nitrobenzoate
(TNB) is followed spectrophotometrically at 412 nm. The
amount of GSH in the extract was determined as nmol/
mg protein utilizing a commercial GSH as the standard.

MDA assay to assess lipid peroxidation. The analysis
of lipid peroxidation was carried out as described by
Buege and Aust [15] with a minor modification. The
reaction mixture was prepared by adding 250 pL
homogenate into 2 mL reaction solution (15% trichloro-
acetic acid: 0.375% thiobarbituric acid: 0.25 N HCl, 1:1:1,
w/v) and heated at 100°C for 15 min. The mixture was
cooled to room temperature and centrifuged (10,000g
for 10 min), and the absorbance of the supernatant was
recorded at 532 nm. 1,1,3,3-Tetramethoxypropane was
used as MDA standard. MDA results were expressed as
nmol mg™ protein in the homogenate.

Determination of protein. Protein levels of the tissue
samples were measured by the Bradford method [16].
The absorbance measurement was taken at 595 nm
using a UV-VIS spectrophotometer. Bovine serum albu-
min (BSA) was used as protein standard.

Statistical Evaluation

Statistical analysis was carried out using the SPSS 10.0
statistical program (SPSS Inc., Chicago, IL, USA). All
data are expressed as arithmetic means + SE. The dif-
ferences between mean histological damage scores and
tissue enzyme levels for each group were analyzed by
using one-way analysis of variance (ANOVA) and post
hoc Duncan tests. Values of p < .05 were regarded as
significant.

RESULTS
Biochemical Results

Values for tissue MDA and GSH levels and SOD, CAT,
and GPx activities are summarized in Table 1. Mean tis-
sue MDA level was increased in old rats in comparison
to young rats, although no statistical importance was
detected. Mean tissue SOD, CAT (p < .001), and GPx
activities (p < .05), and GSH level were decreased in old
animals. Melatonin significantly reduced tissue MDA
levels (p < .005), but increased tissue SOD (p < .001), CAT,
and GPx activities (p < .05), and GSH levels (p < .005) in
old animals. CAPE also significantly reduced tissue MDA
levels (p < .005), but increased tissue SOD (p < .05), CAT
(p <.005), GPx activities, and GSH levels (p <.001) in old
rats. Mean tissue MDA levels of melatonin and CAPE
administered rats were even lower than those of young
rats (p <.05).

Histological Results

Tables 2 and 3 depict the semiquantitative data of the
histopathological changes. Mean damage score of old
rats was statistically higher than that of young rats
(p < .001). Both melatonin and CAPE administration
significantly reduced this parameter (p < .005, p < .05,
respectively). Melatonin and CAPE reduced tubular
and epithelial degeneration, sclerosis, cell infiltration,
and thyroidization. Both agents significantly reduced
tubular dilatation (p < .05, p < .005; respectively) and
epithelial degeneration (p < .001, p < .05; respectively).
Melatonin additionally reduced cell infiltration
(p < .01). Melatonin and CAPE reduced glomerular
sclerosis without statistically significant differences
with group 2.

TABLE 1 Mean levels of tissue MDA and GSH, mean activity of tissue SOD, CAT, and GPx in kidneys of the animals from all groups

Groups MDA (nmol/mg pr) SOD (U/mg pr) CAT (U/mg pr) GP, (U/ mg pr) GSH (nmol/mg pr)
Group 1 (Young) 0.54 +0.03 474 +0.43 39.6 £ 1.89 3.95+258 2238 £1.51
Group 2 (Old) 0.58 +0.04 4.29 +0.46 26.64 + 1.47¢ 3.02 £0.25 20.29 + 1.65
Group 3 (Old + Mel) 0.42 +0.03** 8.92 +0.83¢ 31.33 £ 1.64 3.82+0.18¢ 27.94 + 1.54°
Group 4 (Old + CAPE) 0.40 +0.02** 6.61 + 0.64¢ 34.99 = 1.45° 3.62 +0.27 30.26 = 1.50¢

Note. Data are expressed as means + SE; n =7.

*p < .005 vs. group 2, °p <.05 vs. group 1, % <.001 vs. group 2, 9p < .05 vs. group 2,p < .001 vs. group 1.

Ultrastructural Pathology



The specimens of young rats revealed normal kid-
ney histology. The most prominent changes observed
in old rats were tubular changes such as vacuolization,
tubular dilatation, tubular atrophy, tubular epithelial
degeneration (mostly flattening), tubular cast forma-
tion, and thyroidization (Figure 1A). Glomerular
sclerotic changes (matrix expansion, periglomerular

TABLE 2 Kidney damage scores of the groups
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and glomerular collagen deposition, narrowing or
disappearance of the Bowman’s space, adhesion of
capillary tuft to the Bowman’s capsule (Figure 1B, C),
capillary collapse, thickening of basement membrane of
the Bowman capsule (Figure 1D) and that of the glom-
erulus (Figure 1E), vascular congestion, and interstitial
mononuclear cell infiltration (Figure 1D) were also
evident.

In both melatonin and CAPE administered rats, the
histopathological evidence of age-related kidney dam-
age was markedly reduced (Figure 2A). However, mild

Groups Scores for kidney damage

Group 1 (Young) 028 + 018 epithelial degeneration and congestion and mild to
Group 2 (Old) 6.85 + 1.12° moderate sclerotic changes (Figure 2B) were occasion-
Group 3 (Old + Mel) 3.00 + 0.81° ally observed. Sclerotic changes were more prominent
Group 4 (Old + CAPE) 414 + 0.50< in CAPE administered rats than in melatonin adminis-

Note. Data are expressed as means + SE; n=7.
*p <.001 vs. group 1, p <.005 vs. group 2, p < .05 vs. group 2.

TABLE 3 Histopathological data of the groups

tered ones. Mild congestion was present in both groups
(Figure 2B). Tubular atrophy, tubular dilatation, and

Tubular Epithelial Glomerular Cell
Groups dilatation degeneration sclerosis infiltration Congestion Thyroidization
Group 1 (Young) 0.00 = 0.00 0.00 = 0.00 0.12+0.14 0.00 = 0.00 0.14+0.14 0.00 = 0.00
Group 2 (Old) 0.57 £0.20° 1.00 = 0.00¢ 2.42 +0.29¢ 0.85 + 0.34 1.57 +0.36° 0.57 +0.42
Group 3 (Old + Mel) 0.14 £ 0.14" 0.42 +0.20° 1.57 +0.42 0.00 + 0.00# 0.71+0.42 0.14+0.14
Group 4 (Old + CAPE) 0.00 = 0.00° 0.57 £ 0.20° 2.00 = 0.30 0.57 +0.20 1.00 £0.21 0.00 = 0.00

Note. Data are expressed as means + SE; n=7.
*p <.005 vs. group 1, °p < .05 vs. group 2, p <.005 vs. group 2, 9 <.001 vs. group 1, °p < .001 vs. group 2, fp < .01 vs. group 1, &p < .01
vs. group 2.

FIGURE 1 Light microscopic images from kidneys of old rats. (A) Tubular epithelial degeneration and thyroidization (arrows) are
obvious. Hematoxylin and eosin, x20. (B) Periglomerular and glomerular collagen deposition and sclerosis (S) are observed. Masson’s
trichrom method, x40. (C) Glomerular sclerosis, narrowing, or disappearances of the Bowman’s space. The adhesion of capillary tuft to the
Bowman’s capsule is obvious (arrows). Hematoxylin and eosin, x20. (D) Thickening of the basal membrane of Bowman'’s capsule (arrows)
and interstitial cell infiltration (CI) are observed. PAS, x40. (E) Thickening of glomerular basement membranes is seen (arrows). PAS, x40.

© 2012 Informa Healthcare USA, Inc.
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thyroidization were not observed in treated groups.
Mononuclear cell infiltration was not observed in mela-
tonin administered rats, whereas mild infiltration was
present in CAPE administered ones.

Electron Microscopic Results

By electron microscopy, tubular (Figure 3A, B) and
glomerular components (Figure 3C) were normal in
young animals. The most prominent aging-induced
alterations were edema (Figure 4A), massive vacuole
formation, lysosome and lipofuscin accumulation
within the tubular cells (Figures 4B, C), and thickening
of the tubular basement membranes. Mitochondrial
degenerative changes, such as edema, vacuole
formation, cristae loss, or thickening of cristae
membranes, were observed (Figure 4C). Tubular
cells were irregular in shape; microvillus loss and
disorganization were obvious. Glomerular basement
membranes were also thickened (Figure 4D). Expansion
of mesengial matrices was obvious. Some lymphocytes
were present in peritubular space. Rarely, tubular
cell necrosis was observed. Tubular and glomerular
structures were well preserved in CAPE and melatonin

administered rats (Figures 5A-C). However, rare
vacuole formation and lysosome accumulation were
observed (Figure 5D).

DISCUSSION

The natural aging process is associated with progressive
structural changes in tissues and organs that eventu-
ally result in loss of function followed by tissue/organ
failure. Renal structural and functional alterations can
lead to the advanced loss of kidney function.

Both tubular and glomerular structures alter during
normal aging. Tubular atrophy, with thickening of
the basement membrane, is a common feature of
parenchymal change, and tubular “thyroidization,”
with dilatation of the lumen, flattening of tubular
epithelium, and accumulation of eosinophilic hyaline
cast material within the tubule is also a common
feature of end-stage renal tubular damage [4]. We
observed all of these alterations in the kidneys of old
rats. Tubules were often dilated and filled with pink
casts and give an appearance of “thyroidization.” There
is an increase in the number of glomeruli showing
sclerosis with age [3,17,18]. There may be an increase

FIGURE 2 Light microscopic images from kidneys of antioxidant-administered old rats. (A) Normal kidney histology of a rat from the
Old + CAPE group. PAS, x40. (B) Mild sclerosis and congestion are observed in the kidney section of a CAPE administered rat. Masson’s
trichrome method, x40.

5

W 0
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FIGURE 3 Electron microscopic images from kidneys of young rats. (A) A proximal tubule cell containing basal plasma membrane infold-
ings and many mitochondria is observed. Uranyl acetate and lead citrate, x8000. (B) A proximal tubule cell containing many microvilli
at the apical margin of the cell and many mitochondria throughout cytoplasm. Uranyl acetate and lead citrate, x8000. (C) Glomerular
component is normal in ultrastructural appearance. Uranyl acetate and lead citrate, x8000.

Ultrastructural Pathology
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FIGURE 4 Electron microscopic images from kidneys of old rats. (A) Massive edema in a proximal tubule cell is seen. Uranyl acetate
and lead citrate, x10,000. (B) Vacuole formation (V) and lysosome accumulation (arrows) are observed. Uranyl acetate and lead citrate,
x8000. (C) Mitochondrial edema and cristae loss (m) within some of the mitochondria among the healthy ones, and lysosome and lipo-
fuscin accumulation (arrows) are observed. Uranyl acetate and lead citrate, x10,000. (D) Thickening of glomerular basement membranes
(arrows) is seen. Uranyl acetate and lead citrate, x8000.

FIGURE 5 Electron microscopic images from kidneys of antioxidant-administered old rats. (A) A kidney section from the Old + CAPE
group reveals normal glomerular ultrastructure. Uranyl acetate and lead citrate, x8000. (B) A kidney section from the Old + Mel group
reveals normal tubular ultrastructure. Uranyl acetate and lead citrate, x8000. (C) A kidney section from the Old + Mel group reveals
normal tubular ultrastructure. Uranyl acetate and lead citrate, x8000. (D) A kidney section from the Old + CAPE group reveals vacuole
formation and lysosome accumulation. Uranyl acetate and lead citrate, x6300.

© 2012 Informa Healthcare USA, Inc.
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in the glomerular basement membrane and in the
mesengial matrix volume/material [19-21]. These are
likely to result from alterations in the balance between
formation and breakdown of the extracellular matrix
in the glomerulus. Total collagen content increases
with age [22]. Another possible explanation for the
progressive increase in sclerotic glomeruli with age is
glomerular ischemia secondary to the changes in renal
blood flow that occur with age [23]. Sclerosis, matrix
expansion, and glomerular basement membrane
thickening were the most obvious alterations observed
in old rats in the present study. The development of
progressive glomerulosclerosis occurs in multiple renal
diseases as well as in physiological aging [24].

The cellular mechanisms of aging have been the
focus of a great deal of study over the last decade. The
key findings in relation to aging kidney are subcellular
changes, such as brush border abnormalities [25], mito-
chondrial changes [26] and lipofuscin accumulation [27],
DNA mutation abnormalities [28,29], telomere shorten-
ing [30,31], and oxidative stress [29]. Since mitochondria
are particularly sensitive to oxidant damage, they seem
to play a key role in the aging process. Tissues isolated
from aging animals usually have several changes in mito-
chondrial structure, such as swelling, shortening or loss
of the cristae, matrix vacuolization, condensation, and
myelinic figure formation [33-36]. These changes have
been related to an increased generation of superoxide
anion and hydrogen peroxide and a decline in the capac-
ity for energy production [35]. We have recently reported
cristae loss, vacuolization and myelin figure formation
within the mitochondria of cerebral and cerebellar neu-
rons [34] and cardiac myocytes [37] of chronologically
aged rats. Our present results support age-related mito-
chondrial changes in the tubular epithelial cells of old
rats. de Cavanagh et al. [36] observed a high number of
epithelial cells showing either the absence of microvilli or
the presence of altered microvilli in proximal tubules of
old rats. We observed microvilli loss and disorganization
in old rats. The number of lysosome and lipofuscin gran-
ules represents the amount of by-products within the cell.
Aged cells have increased numbers of lipofuscin granules.

Much attention has recently been focused on the hypoth-
esis that free radical production may contribute to cellular
and organismal aging. Reactive oxygen species enhance
aging owing to their ability to attack cellular constituents
such as DNA, proteins, and lipids. Increases of some
aging markers (e.g., lipid peroxide) have been observed
with aging [34, 38]. MDA is a metabolic product of lipid
peroxidation. The levels of tissue MDA are often used as a
marker of oxidative damage and as an indicator of aging.
GPx and SOD are the important antioxidant enzymes in
vivo. SOD catalyzes the dismutation of superoxide to oxy-
gen and hydrogen peroxide [12], which is catalyzed next by
GPx with GSH as an electron donor [39]. It has been shown
that the level of MDA increases, but GPx and SOD activity
decreases in kidney with aging [40,41].

Lipid peroxidation brings about several changes in
biological membranes [42]. It is a highly destructive
process in cellular organelles and whole organism.
The loss of biochemical function and/or structural
architecture may lead to damage or death of cells.
Depletion of glutation results in enhanced lipid
peroxidation [43]. It is evident from our results that
18-month-old rats have more lipid peroxidation, lower
GSH levels, and less SOD, CAT, and GPx activity
in comparison to young ones. Such an age-induced
augmentation in the level of lipid peroxidation was
significantly ameliorated by regular administration of
melatonin and CAPE. In addition, the level of MDA was
significantly lower in the experimental groups (p < .05 vs.
group 1) compared to those of the young rats. Moreover,
GSH levels and SOD activities were higher in CAPE and
melatonin administered rats than that of young rats.
The reduction in MDA content and the elevation in GSH
levels and SOD, CAT, and GPx activities in CAPE and
melatonin-treated animals suggest that these agents
may scavenge the free radicals formed during aging-
induced oxidative stress. Melatonin is known to be a
multifaceted free radical scavenger and antioxidant
[44]. It crosses all morphophysiological barriers and
distributes throughout the cell [45]. We have recently
reported that melatonin protects liver from age-related
oxidative damage by decreasing tissue MDA level but
increasing tissue GSH level and GSH-Px activity in rats.
We observed that both melatonin and CAPE are effective
in protecting hepatocyte ultrastructure during aging
[46]. On the other hand, CAPE treatment was reported
to protect the kidney from ischemia-reperfusion injury
[47] and diabetic renal oxidative damage [48]. CAPE
and melatonin are potent antioxidants and have high
cellular protective effects.

In summary, this study shows that the glomerular and
tubular structures are altered in aging. Supplemental
administration of both CAPE and melatonin is beneficial
in delaying age-related cellular changes. To our knowl-
edge this is the first experimental study evaluating the
effect of CAPE on aging-associated kidney damage.

Declaration of interest: The authors report no conflicts
of interest. The authors alone are responsible for the
content and writing of the paper.
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