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A B S T R A C T

Background: Elderly individuals are exposed to trace element imbalances due to the reduced capacity of their
organism to utilize minerals in a direct relationship with many circumstances.
Objectives and methods: The aim of this study was to assess the protective role of resveratrol upon the homeo-
static changes of some trace elements in geriatric rats in the condition of oxidative stress induced by aluminum
exposure. Forty Wistar rats, 18–20 months old, were divided randomly into four groups (n=10): control (C) -
receiving 1ml of physiologically saline (P.S.) via intraperitoneal (i.p) administration, E1 - 1ml of P.S. and
1000 ppb aluminum sulphate (AS) in drinking water ad libitum, E2 - 20mg/kg−1 resveratrol, i.p. and 1000 ppb
AS in drinking water, E3 - 20mg/kg−1 resveratrol i.p. The groups C and E3 received distilled water as drinking
water ad libitum. The i.p administrations were once a week for four weeks period. The levels of oxidative stress
marker's were analyzed (glutathione, glutathione' peroxidase, superoxide dismutase, and catalase) of the pro-
teins' (total protein, albumin, and hemoglobin) in serum and also the levels of the main trace elements (copper,
zinc, iron, selenium, manganese and magnesium) in blood, liver, kidney and spleen.
Results: Significant decrease (p < 0.05) of total protein (TP), albumin (ALB), catalase (CAT), increase sig-
nificant (p < 0.05) of glutathione reductase (GSH-r), glutathione peroxidase (GPx) and superoxide dismutase
(SOD) in E1 groups, compared with control, E2, and E3 groups was ascertained. There were also observed
significant (p < 0.05) decreases in Cu, Zn, Fe and Mg, not significant (p > 0.05) increase of Se and Mn in
blood, significant (p < 0.01) increase of Cu, Zn, Mg, Se, Mn in kidney and liver and Fe, in spleen of geriatric rats
from E1 group compared to the control group. Insignificant differences (p > 0.05) were recorded in groups
which received resveratrol (E2 and E3) compared to the control group, but significant differences (p < 0.05),
especially in blood and liver samples, compared to E1.
Conclusions: The results suggest that resveratrol can prevent the homeostatic imbalance of trace elements in
geriatric rats in the condition of oxidative stress induced by aluminum exposure.

1. Introduction

Geriatric individuals are the most vulnerable to the trace elements’
imbalance due to the reduced capacity of their organism to utilize
minerals in direct correlation with pathophysiological and environ-
mental factors [1].

The oxidative stress theory of "aging" appeared relatively recently in
attention and it is based on the structural damage hypothesis. In this

assumption, the age-associated functional losses are a consequence of
the oxidative damage accumulation to the macromolecules through
different reactive oxygen species (ROS) or reactive nitrogen species
(RON) [2,3].

Even so, the exact mechanism of oxidative stress-induced aging is
still not clear and it is known that, probably, the increased ROS or RON
levels may lead to cellular senescence, a physiological mechanism fol-
lowed by the stop of cellular proliferation in response to damages that
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occur during replication [3].
There is evidence which suggests that the trace elements are able to

affect the mechanism of aging. However, a link between the aging
process and trace elements remain unclear or indirect [1,4]. An im-
balance and accumulation of trace elements and minerals in some or-
gans could be a consequence of degenerative disease linked to aging
[1,3].

The aluminum (Al) is a trace element that is ubiquitous in the en-
vironment, being the third most abundant element found in the earth
crust [5,6]. It has the ability to induce oxidative damage through
multiple mechanisms [7,8].

Resveratrol (3,4`,5-trihydroxystilbene) is a phytoalexin isolated
from grapes, peanuts, pines, etc., that have the capacity to affect several
biological activities acting as an anti-inflammatory, anti-mutagenic and
anti-oxidant [9,10]. Majority of the polyphenols from the plants, in-
cluding here the resveratrol, has the capacity to interact with oxidative
stress and the trace elements [7,9–12].

The aim of our study was to assess the protective role of resveratrol
upon the homeostatic imbalance of copper (Cu), iron (Fe), selenium
(Se), magnesium (Mg), manganese (Mn) and zinc (Zn) in geriatric rats
in the condition of oxidative stress induced by aluminum exposure.

2. Materials and methods

2.1. Animals and experimental protocol

Forty healthy Wistar albino geriatric rats (16 males / 24 females)
aged 18–20 months and 400 ± 20 g, obtained from the authorized
animal care unit of the University of Medicine and Pharmacy "Victor
Babes" from Timisoara, Romania were housed in standard poly-
carbonate cages (l ×w × h=750×720×360mm) and fed ad li-
bitum with a standard diet (Biovetimix, code 140-501, Romania)
(Table 1).

The environmental conditions were maintained at 22 ± 2 °C, the
relative humidity of 55 ± 10% and 12 h light / dark cycle. Before the
start of the experiment, animals were kept in the same cages one week
for acclimatization and were handled in accordance with Directive
2010/63/EU on the handling of animals used for scientific purposes
[13] and guidelines of the National Research Council (NRC) [14].

The experiment was approved by the Ethical Committee of the
Banat University of Agricultural Sciences and Veterinary Medicine from
Timisoara (No. 120/2018).

The rats were randomly distributed in four experimental groups
(n=10) as follows:

• Group C – Control; 1 ml of physiologically saline (P.S.) via i.p ad-
ministration;

• Group E1 – 1ml of P.S. and 1000 ppb aluminum sulfate (AS) in
drinking water ad libitum [8];

• Group E2 – 20mg/kg−1 resveratrol, i.p. and 1000 ppb AS in
drinking water;

• Group E3 – resveratrol control, 20 mg/kg−1 resveratrol i.p. [15,16].

The groups C and E3 received distilled water as drinking water ad
libitum. The resveratrol (Resveratrol 99% purity, 228.24 g mol−1,
Sigma-Aldrich, Germany) was dissolved in a carrier-solution containing
5% ethanol and 95% physiological saline. The food intake, water con-
sumption and behavioral changes were monitored daily during the
experiment.

The i.p. administration was once a week for four weeks. At the end
of the experiment all rats were euthanized by overdosing anesthetic
agents using 300mg kg bw−1 of ketamine (Ketamine 10%, CP Pharma,
Burgdorf, Germany) and 30mg kg bw−1 of xylazine (Narcoxyl, Intervet
International, Boxmeer, the Netherlands), in accordance with Directive
2010/63/EU [13], and SVH AEC SOP.26 [17] and blood and organ
samples were collected.

Blood samples were collected into heparinized BD Vacutainer (Ref.
no. 367884) and centrifuged for 10min at 3000×g to separate the
erythrocytes and plasma. Subsequently, the erythrocytes were pro-
cessed according to kits manufacturer, were washed three times with
saline solution and the separates were frozen and stored at −80 °C until
analyses were performed. The measured parameters were activity of
catalase (CAT) glutathione reductase (GSH-r) and superoxide dismutase
(SOD) in erythrocytes, the activity of glutathione peroxidase (GPx) in
whole blood, the concentration of total protein (TP) and albumin (ALB)
in plasma. The levels aluminum (Al), manganese (Mn), magnesium
(Mg), zinc (Zn), iron (Fe), selenium (Se) and copper (Cu) in blood, liver,
kidney, and spleen were also analyzed.

2.2. Samples analysis

The SOD, GSH-r and GPx activities were determined with a Randox
RX-Daytona automated analyzer (Randox, Crumlin, UK) using com-
mercially available kits (Ransod Cat. No. SD125, Cat. No. GR2368 and
Ransel Cat. No. RS504, Randox, Crumlin UK).

The antioxidant enzyme activities were measured at 37 °C and ex-
pressed in U/g Hb.

The hemoglobin (Hb) was assessed using a standard cyano-methe-
moglobin method with a diagnostic kit (Cat. No. HG1539, Randox,
Crumlin UK). The CAT activity was assessed by a method of Hadwan
[18], briefly CAT activity is directly proportional to the rate of dis-
sociation of hydrogen peroxide and in this case hydrogen peroxide acts
to oxidize cobalt (II) to cobalt (III) in the presence of bicarbonate ions,
this process ends with the production of a carbonate-cobaltate (III)
complex with maximum absorbance at 440 nm. The measurements
were made with a Shimadzu UV mini 1240 spectrophotometer (Shi-
madzu, Kyoto, Japan).

Albumin and total protein levels were determined by spectro-
photometry [19] according to appropriate standardized procedures by
the reaction with copper sulfate (λ 540 nm) for TP and by the reaction
with bromocresol green (λ 628 nm) for ALB, using commercially
available kits from Chema Diagnostica (Italy, REF: albumin –
BC0100CH, total protein – TP0100CH).

For determination of aluminum, copper, iron, manganese, magne-
sium, selenium and zinc, sample preparations were performed by mi-
crowave digestion. The samples (1 g) were deposited in the digestion
tubes adding 10mL of concentrated nitric acid and 2mL of hydrogen
peroxide. The flasks were covered with a lid, and inserted into the
protective sleeve and then submitted to microwave digestion system
(Multiwave GO, Anton Paar, GmbH, Austria), the working schedule
being: 20min, 120 °C and 800W. After digestion, the samples were
placed into flasks rated 25mL and double-distilled water was added up
to the mark.

Table 1
Composition of the standard diet (Biovetimix) given to rats.

Composition Unit Content value

Protein % 15
Fat % 10
Cellulose % 8
Ash % 3
Ca % 0.5
P % 0.4
Vit. A IU/kg 8500
Vit. D3 IU/kg 1500
Vit. E mg/kg 20
Mn mg/kg 52
Zn mg/kg 30
Fe mg/kg 40
Mg mg/kg 55
Cu mg/kg 8
I mg/kg 1.5
Se mg/kg 0.1
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Readings were made by graphite furnace AAS (GF-AAS), with a
platform graphite tube for Se and Al and by flame absorption spectro-
scopy for Cu, Mg, Zn, Mn, and Fe, using a Perkin Elmer AA analyst 800
spectrophotometer (Perkin Elmer Inc. USA) as are presented in Table 2.
All reagents used in this study were a high-purity grade (Suprapur,
Merck, Germany). Working standards were prepared by serial dilutions
of a CertiPur ICP (Merck) 1000mg/L stock standard solution.

2.3. Statistical analysis

The obtained values were expressed as mean ± SEM (mean's
middle error) and for the estimation of the difference between groups,
one-way ANOVA with the Tukey multiple comparison tests were used
considering that the differences are statistically provided when
p < 0.05 or lower. The software used was GraphPad Prism 6.0 for
Windows (GraphPad Software, San Diego, USA).

3. Results

3.1. General observations

There were no changes regarding food intake and behavior during
the experiment in all groups. In what concerns water consumption,
there were no significant changes observed, except the group receiving
AS, where it was observed a minor, but not significant, decrease of
water consumption during the last week of experiment, compared with
the first week (-2.78%, p > 0.05) this, possibly due to a palatability
change.

3.2. Serum proteins

TP and ALB decreased significantly (p < 0.05) in geriatric rats from
the group exposed to AS (-12.33; -21.43%) but presented a not sig-
nificant (p > 0.05) decrease when resveratrol was administered
(-1.76%; -6.49%). On the other side, Hb presented not significant
(p > 0.05) fluctuations, especially a slight decrease in the case of AS
exposure (-4.32%) (Fig. 1).

3.3. Oxidative stress enzymes

The level of SOD activity increased significantly (+35.34%,
p < 0.001) in groups exposed to AS compared to the control group and
decreased significantly (-19.5%, p < 0.01) in rats exposed to alu-
minum but treated with resveratrol, the level of SOD remaining to a
level not significantly higher than in control (+8.95%, p > 0.05). The
same dynamic was noted in case of GPx activity, significantly increased
(+23.59%, p < 0.01) compared to the control, significantly decrease
when resveratrol was administered (-17.96%, p < 0.01) remained a
level not significantly, higher than control (+1.39%, p > 0.05). In
turn, CAT activity significantly decreased (-32.96%, p < 0.001) in
geriatric rats from group exposed to AS. Administration of resveratrol to
exposed rats significantly increased the CAT activity compared to
groups that did not receive resveratrol (+20.45%, p < 0.001) but the
values remained to a significantly lower level than in the control
(-19.24%, p < 0.05).

The GSH-r level was also significantly higher in geriatric rats ex-
posed to AS compared to control (+21.81%, p < 0.001), decreasing
significantly when resveratrol was administered to geriatric rats to a
level significantly lower than in those exposed to AS (-11.30%,
p < 0.05) but still remained significantly higher than in the control
(+14.25%, p < 0.05).

There were not observed significant differences between the control
and the resveratrol control group (E3/C: p > 0.05) (Fig. 2).

3.4. Trace elements levels in blood and organs

The trace elements levels in geriatric rats exposed to AS and re-
sveratrol are presented in Table 3.

3.5. Blood

The levels of Fe, Cu, Mg and Zn decreased significantly in the blood
of the group that received AS compared to control (Fe: -21.03%,
p < 0.001; Cu: -30.11%, p < 0.05; Mg: -28.66%, p < 0.05; Zn:
-45.67%, p < 0.05) but, in this group, the levels of Al, Se and Mn

Table 2
The working parameters for trace elements analysis.

Parameter Al Se Cu Zn Fe Mn Mg

Wavelength (nm) 309.3 196.0 324.8 213.9 248.3 279.5 285.2
Slit width nm) 0.7 2.0 0.7 0.7 0.2 0.2 0.7
Lamp source HCL HCL HCL HCL HCL HCL HCL
Lamp current (mA) 25 280 15 15 30 20 6
Method furnace furnace flame flame flame flame flame
Gas flow Argon (250mL/

min)
Argon (250mL/
min)

Air/Acetylene (17/
2 L/min)

Air/Acetylene (17/
2 L/min)

Air/Acetylene (17/
2 L/min)

Air/Acetylene (17/
2 L/min)

Air/Acetylene (17/
2 L/min)

HCL (Hollow Cathode Lamp).

Fig. 1. Levels of total proteins, albumin (A) and hemoglobin (B) in geriatric rats exposed to AS and resveratrol. Comparative to control group: * p < 0.05, ns-not
significant.
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recorded an increase, this being significant only in case of Al level (Al:
+160.67%, p < 0.001; Se: +5.12, p > 0.05; Mn: +19.5%,
p > 0.05). In the group exposed to AS and injected i.p with resveratrol,
the levels of Fe, Cu, Mg and Zn increased, this increase being statisti-
cally significant only in case of Zn level (Fe: +9.67%, p > 0.05; Cu:

+26.26%, p > 0.05; Mg: +18.13%, p > 0.05; Zn: +60.0%,
p < 0.05).

Even with this tendency to reestablish the homeostasis of these trace
elements, the levels did not reach the control group level, remaining
different compared to the control, statistically significant only in the

Fig. 2. Oxidative stress biomarkers in geriatric rats exposed to aluminum and resveratrol.
Comparative to: C ns- not significant; * P < 0.05, ** P < 0.01, *** P < 0.001, Comparative to: E1 # P < 0.05, ## P < 0.01.

Table 3
Trace elements levels in geriatric rats exposed to AS and resveratrol.

Group C E1 (Al) E2 (Al+Res) E3 (Res)

Parameter X ± SEM

Al blood (ng/ml) 10.35 ± 0.54 26.98 ± 1.79*** 20.12 ± 1.50** # 8.91 ± 0.65 ns

liver (ng/g) 41.44 ± 2.56 60.17 ± 2.10*** 52.84 ± 1.61*** # 45.87 ± 2.07 ns

kidney (ng/g) 28.51 ± 1.84 36.55 ± 2.54** 33.65 ± 1.78 ns 28.11 ± 0.57 ns

spleen (ng/g) 40.13 ± 1.89 49.71 ± 2.45** 45.22 ± 1.32 ns 39.91 ± 0.85 ns

Fe blood (μg/ml) 408.20 ± 7.93 322.34 ± 12.97*** 353.52 ± 10.90*** 424.33 ± 11.71 ns

liver (μg/g) 146.84 ± 10.74 128.26 ± 7.50 ns 127.57 ± 8.19 ns 154.05 ± 6.38 ns

kidney (μg/g) 75.96 ± 2.45 64.72 ± 1.77 ns 68.37 ± 2.35 ns 75.88 ± 1.88 ns

spleen (μg/g) 361.79 ± 9.06 419.50 ± 14.76*** 398.17 ± 11.94* 361.93 ± 9.70 ns

Se blood (ng/ml) 206.43 ± 5.11 217.01 ± 5.38 ns 210.44 ± 4.62 ns 199.53 ± 3.68 ns

liver (ng/g) 350.90 ± 14.70 480.56 ± 15.32*** 422.76 ± 12.21** # 352.31 ± 17.81 ns

kidney (ng/g) 275.04 ± 8.95 515.93 ± 31.40*** 326.20 ± 25.96 ns ### 253.43 ± 9.56 ns

spleen (ng/g) 212.64 ± 10.02 212.44 ± 14.26 ns 209.33 ± 17.17 ns 206.88 ± 7.49 ns

Cu blood (μg/ml) 4.28 ± 0.22 2.97 ± 0.25* 3.75 ± 0.11 ns 4.12 ± 0.08 ns

liver (μg/g) 6.73 ± 0.17 8.71 ± 0.38*** 8.34 ± 0.28** 6.26 ± 0.57 ns

kidney (μg/g) 9.71 ± 0.64 11.74 ± 0.39*** 10.50 ± 0.28 ns 8.82 ± 0.48 ns

spleen (μg/g) 3.79 ± 0.24 4.15 ± 0.29 ns 3.91 ± 0.25 ns 3.72 ± 0.21 ns

Mg blood (μg/ml) 33.46 ± 1.32 23.87 ± 1.51* 28.20 ± 1.35 ns # 33.48 ± 2.06 ns

liver (μg/g) 64.83 ± 3.06 85.41 ± 3.31*** 71.19 ± 3.35 ns ## 62.63 ± 1.96 ns

kidney (μg/g) 91.81 ± 2.87 105.04 ± 3.27** 97.34 ± 2.23 ns 91.68 ± 2.31 ns

spleen (μg/g) 77.01 ± 2.97 74.50 ± 4.33 ns 74.34 ± 4.01 ns 75.45 ± 3.42 ns

Mn blood (μg/ml) 1.41 ± 0.11 1.68 ± 0.12 ns 1.52 ± 0.10 ns 1.32 ± 0.13 ns

liver (μg/g) 2.66 ± 0.18 4.26 ± 0.44*** 3.14 ± 0.08 ns ### 2.67 ± 0.18 ns

kidney (μg/g) 1.54 ± 0.13 3.01 ± 0.23*** 1.97 ± 0.09 ns ## 1.49 ± 0.15 ns

spleen (μg/g) 1.23 ± 0.17 1.33 ± 0.25 ns 1.33 ± 0.20 ns 1.01 ± 0.12 ns

Zn blood (μg/ml) 5.43 ± 0.41 2.95 ± 0.32* 4.72 ± 0.36 ns # 5.72 ± 0.48 ns

liver (μg/g) 10.93 ± 0.76 14.54 ± 0.81** 13.06 ± 0.74 ns 10.74 ± 0.75 ns

kidney (μg/g) 9.85 ± 0.87 13.11 ± 0.91** 10.86 ± 0.66 ns 9.01 ± 0.30 ns

spleen (μg/g) 9.93 ± 0.75 9.20 ± 0.48 ns 9.35 ± 0.51 ns 10.40 ± 0.81 ns

Comparative to C: ns – not significant, * p < .05, ** p < 0.01, *** p < 0.001.
Comparative to E1: # p < 0.05, ## p < 0.01, ### p < 0.001.
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case of Al and Fe levels (Al: +94.39%, p < 0.01; Fe: -13.12%,
p < 0.001; Se: +1.94%, p > 0.05; Cu: -12.38%, p > 0.05; Mg:
-15.72%, p > 0.05; Mn: +7.80%, p > 0.05; Zn: -13.07%, p > 0.05).
There weren’t significant differences recorded regarding the levels of
studied trace elements between control (C) and resveratrol control (E3)
groups.

3.6. Liver

In the liver the levels of Al, Se, Cu, Mg, Mn and Zn significantly
increased (p < 0.001) in geriatric rats exposed to AS compared to
control (Al: +45.19%, p < 0.001; Se: +36.95%, p < 0.001; Cu:
+29.42%, p < 0.001; Mg: +31.74%, p < 0.001; Mn: +60.15%,
p < 0.001; Zn: +33.02%, p < 0.01), but there was recorded a not
significant decrease of Fe (-12.65%, p > 0.05). In the group which
received resveratrol (E2) the levels of studied trace elements decreased
compared to the group which received AS alone, this decrease being
significant only in the case of Al, Se, Mg and Mn (Al: -12.18%,
p < 0.05; Fe: -0.53%, p > 0.05; Se: -12.03%; Cu: -4.25%, p > 0.05;
Mg: -16.65%, p < 0.01; Mn: -26.29%, p < 0.001; Zn: -10.17%,
p > 0.05) but, still remained different from those of the control group
(Al: +27.51%, p < 0.001; Fe: -13.12%, p > 0.05; Se: +20.47%,
p < 0.01; Cu: +23.29%, p < 0.01; Mg: +9.81%, p > 0.05; Mn:
+18.04%, p > 0.05; Zn: +19.48%, p > 0.05). Not significant
(p > 0.05) differences were noted between the two control groups.

3.7. Kidney

In the kidneys was observed the same dynamic as in the liver, sig-
nificant increase of Al, Se, Cu, Mg, Mn and Zn levels (Al: +28.20%,
p < 0.01; Se: +87.58%, p < 0.001; Cu: +20.91%, p < 0.001; Mg:
+14.41%, p < 0.01; Mn: +95.45%, p < 0.001; Zn: +33.09%,
p < 0.01) and a not significant (p > 0.05) decrease of Fe level
(-14.79%).

In the group that received resveratrol the levels of studied trace
elements decreased (exception Fe, which increased not significant)
compared with geriatric rats from the group exposed to AS (E1) but, the
significance was assured only in the case of Se and Mn levels (Al:
-7.93%, p > 0.05; Fe: +5.64%, p > 0.05; Se: -36.77%, p < 0.001;
Cu: -5.78%, p > 0.05; Mg: -7.33%, p > 0.05; Mn: -37.55%, p < 0.01;
Zn: -17.16%, p > 0.05).

In the group that received resveratrol and AS the levels of studied
trace elements remained higher than in control but the differences were
not significant (p > 0.05) from statistic point of view (Al: +18.02%;
Fe: -9.99%; Se: +18.60%, Cu: +8.13%, Mg: +6.02%, Mn: +27.92%,
Zn: +10.25%). Not significant (p > 0.05) differences were noted be-
tween the two control groups.

3.8. Spleen

In the spleen were noted, generally, not significant (p > 0.05)
fluctuation of the studied trace elements, exception the Al and Fe levels
which present a significant increase (p < 0.01) in AS exposed geriatric
rats. Exposure to AS was followed by the increase of Al, Fe, Cu, Mn and
a decrease of Se, Mg and Zn comparative to control (Al: +23.87%,
p < 0.01; Fe: +15.95%, p < 0.001; Se: -0.09%, p > 0.05; Cu:
+9.49%, p > 0.05; Mg: -3.25%, p > 0.05; Mn: +8.13%, p > 0.05;
Zn: -7.35%, p > 0.05).

Administration of resveratrol was followed by the not significant
(p > 0.05) decrease of studied trace elements, except for the Mn level
which remained at the same level and Zn which increase to not sig-
nificant level compared to AS exposed group, these changes going until
to a not significant (p > 0.05) level compared to control (E2/E1
changes: Al: -9.03%, Fe: -5.08%, Se: -1.46%, Cu: -5.78%, Mg: -0.21%,
Mn: 0%, Zn: +1,63% and E2/C changes: Al: +12.68%, Fe: +10.05%,
Se: -1.55%, Cu: +3.16%, Mg: -3.46%, Mn: +8.13%, Zn: -5.84%). Not

significant (p > 0.05) differences were noted between the two control
groups.

4. Discussions and conclusions

Trace elements such as Cu, Zn, Fe, Mn, Mg, and Se have the capacity
to reduce oxidative damage or enhance repair capacity by acting as
essential co-factors for anti-oxidant enzymes such as superoxide dis-
mutase (Cu, Zn, Mn), catalase (Cu, Fe), and glutathione peroxidases
(Se), these enzymes being crucial to limit oxidation of nucleic acids,
lipids or proteins occurring in chronic diseases and aging [4].

It is well known that Al can act as a prooxidant, and thus, can induce
oxidative stress disturbing the activity of different antioxidant enzymes
such as superoxide dismutase, catalase, glutathione peroxidase [8,20].

Total protein and albumin are important indicators of the hepatic
protein synthesis [5].

In this present study, we observed a significant decrease of TP and
ALB in the geriatric rats exposed to AS and the increase of these in the
group which received resveratrol.

Fe, Cu, and Zn are also transported by ALB, and a direct correlation
between serum ALB and Cu, Fe and Zn blood levels were ascertained.
Similar findings were acquired by Wang et al., [5] in chickens exposed
to aluminum chloride and by Belles et al., in pregnant rats exposed to
aluminum hydroxide [21].

In the study, we observed a significant increase of Al in blood and
organs of geriatric rats exposed to AS and decrease of Al in rats that
received resveratrol. Aluminum in the blood circulates mainly bound to
transferrin and some compounds with low molecular mass (e.g., citrate)
[22,23], in this way, Al is able to interfere with Fe homeostasis by
displacing it from transferrin, and as a result of this interference, Fe is
released into the bloodstream. Being a redox-active metal, Fe can in-
teract with molecular oxygen and generate the superoxide anion, which
generates highly reactive hydroxyl radical [24].

However, data from our experiment did not prove the way of Al
action, which was also proven by Staneviciene et al., [25], in agreement
to our findings.

Iron is an indispensable trace element necessary for a proper CAT
activity [26]. We have observed the direct correlated decreased activity
of this enzyme in the geriatric rats exposed to AS, thus concluding that
it may be a reason for the significant decrease of Fe level in the blood.

GSH-r is important to maintain the reduced GSH levels and there-
fore, it plays a major role in the GPx reaction, as an adjunct, in the
control of peroxides and free radicals. The decrease of the CAT's level is
followed by the activation of the glutathione-dependent enzyme [27],
as it was also observed in the present study. It is clear that iron meta-
bolism changes with age, and there are specific groups of elderly sub-
jects that may suffer from iron deficiency, while others, could accu-
mulate this metal in excess [1].

In this study we ascertained a decrease of Fe in blood, liver, and
kidney of geriatric rats exposed to AS and a significant accumulation in
spleen. This condition tended to normalize in the group wich received
resveratrol. There are studies which demonstrated that Al ions can in-
terfere with Se metabolism and may directly or, indirectly, affect the Se
homeostasis in animals [28]. GPx is closely connected with GSH-r,
which has a role in maintain an adequate level of reduced glutathione
(GSH) [29]. The increased activity of GSH-r may be due, in this case, to
the production of the reduced form of glutathione.

It is well known that the redox system of GSH is Se-dependent [30],
Se being an important cofactor of the GPx enzyme, that acts together
with GSH-r, and by this, Se is an important element in the antioxidative
system that protects against metal-induced ROS [25,31].

We observed a significant increase of GPx activity in geriatric rats
exposed to AS and also an increase of Se in a direct correlation, and a
decrease of this in the geriatric rats that received resveratrol. Being a Se
dependent protein, the circulating GPx activities are directly responsive
to the Se status in the biological systems [32]. GPx activity levels could
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be used as a functional marker of selenium status because GPx requires
selenium for its activity, and different studies have shown the positive
association with the plasma selenium [31,33]. We observed also this
direct, positive, correlation between GPx activity and Se blood level.
Organs, especially kidneys can accumulate high amounts of Se re-
presenting the major source of plasma GPx [34], this also being ob-
served in our study.

Aging is very often associated with Mg insufficiency and chronic Mg
deficiency may result in excessive production of oxygen-derived free
radicals [35]. In this respect we observed the significant decrease of
blood Mg and the increase of liver and kidney Mg in the geriatric rats
exposed to AS, with a clear tendency to recover when resveratrol was
administered. The bone metabolism could be altered with age, and the
capacity of the skeleton to store and release of Mg decreases markedly
[1]. The inadequate availability of Mg could lead to a reduced mi-
tochondrial efficiency and an increased production of reactive oxygen
species (ROS), and as a consequence, the structural and functional
impairment of proteins may lead to the mitochondrial function decline
in the skeletal muscle which is often associated with aging, fact de-
monstrated so far in humans [36].

Depletion of Mg in rats is associated with structural damage to
muscle cells, mitochondrial swelling, and the altered ultra structure it
was associated with the increased ROS production [35]. In the condi-
tion of the present study, Mn levels increased in all studied organs and
blood of geriatric rats exposed to AS and reduced in rats which received
resveratrol. The elevated levels of blood Mn versus the decrease of Cu
and Zn blood levels and also the decrease of Cu / Zn ratio could be
explained as a result of the SOD activity increase [10]. The augmen-
tation of SOD and GPx activity occurs as a result of a compensatory
mechanism in response to the oxidative stress [31].

In our study, we have identified the significant decrease of blood Cu
level and a significant increase of Cu levels in the liver and kidney. The
excessive accumulation of Cu in the situation of Fe decrease from tis-
sues may be a result of abnormal sequestering of Cu and failure of the
occurrence of normal mobilization of this element as was reported by
Sherman and Tissue [37].

The possible factor known to affect the sequestering of Cu during Fe
decrease is the reduction in the synthesis of ceruloplasmin which is
required to accomplish the ferroxidase needs, thereby promoting the
rate of incorporation of Fe into transferrin. If the ceruloplasmin is less
synthesized, more Cu will be stored in the tissues. It is also possible that
in the time of Fe decrease, the Cu binding proteins could have a greater
affinity causing a slow release of Cu followed by increased tissue con-
centration of this trace element [38].

Phenolic compounds can suppress free radical reactions via chela-
tion of some catalytic metal ions as Fe and Cu, resveratrol is known to
have the ability to chelate especially Cu [10–12], this being a potential
explanation of our findings.

The protective effect of resveratrol against aluminum toxicity was
pointed out by and Hammoud and Shalabi [39] and Al Dera [40] in rats
exposed to aluminum chloride. Al Dera [40] for example pointed out
that resveratrol protects against aluminum nephrotoxicity and this
could also be a possible explanation for the imbalance of some trace
elements which could be eliminated through the kidney.

The significant increase of Cu, Mg and Zn levels and decrease of Fe
levels from liver and kidneys was reported by Olaiji [38] in iron-defi-
cient rats.

Decrease of iron content and the increase of Cu content, a significant
decrease of Mg content and a considerable decrease of Zn content were
observed in the serum of rats with induced mammary carcinoma and
treated with copper and resveratrol as were noted by Skrajnowska et al
[26] in accordance with our study.

In a rat model, Khanna and Nehru [41], noted that the interaction
between Al and Zn interfered with SOD activities, and by this, higher
plasma Al concentrations may interfere with both Zn and Se home-
ostasis, which consequently leads to low plasma Zn and Se

concentrations and high oxidative stress, this fact being also observed
by Sadauskiene et al., in mice models [42].

In our study, we observed that a high aluminum concentration in
blood was followed by a decrease of Zn and a not significant increase of
Se without affecting the SOD activity.

We observed also a significant decrease of Zn in blood and a sig-
nificant increase in liver and kidney of geriatric rats exposed to AS, and
a tendency to re-establish the imbalance of this trace element in rats
which received resveratrol. Even when, the blood Zn level decreased,
the activity of SOD was not modified as it was expected. The increase of
Zn levels in liver and kidney could be due to the fact that transferrin is
also essential for Zn transportation and transferrin will be available
during Fe decreased levels [38].

In agreement with our study, Singla and Dhawan [43] in their re-
search observed the significant increase of CAT, SOD and GSH-r ac-
tivities in rats exposed to aluminum chloride orally and the protective
effect of Zn administration against the deleterious activity of Al on rat’s
brain [44,45].

Excessive Zn level in some organs of geriatric people may be
harmful to the normal metabolism of cells because Zn enhances the
activity of telomerase, an enzyme which seems to be responsible for
unlimited cell proliferation [46].

In a study, Drobyshev et al., [47] ascertained a significant increase
of blood Al level followed by a not significant increase of Mg, Mn, Fe,
Cu and Se and a not significant decrease of Zn blood level confirming
partially our findings.

In the blood and all studied organs of the group which received
resveratrol the imbalance of studied trace elements tended to nor-
malize, proving the beneficial role of resveratrol.

The most important outcomes of resveratrol were observed upon the
levels of Se and Mn in liver and kidney, Mg in liver and Zn in blood. To
have a better overview of these aspects, additional studies are needed,
for assessing the specific proteins such as: ceruloplasmin, ferritin, and
transferrin.
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