Valcheva-Kuzmanova S., et al. Effect of Aronia melanocarpa fruit juice on the activity...

Original Article
EFFECT OF ARONIA MELANOCARPA FRUIT JUICE ON THE ACTIVITY
OF ANTIOXIDANT ENZYMES IN A RAT MODEL OF AMIODARONEINDUCED PNEUMOTOXICITY
Stefka V. ValchevaKuzmanova,
Galya Ts. Stavreva1,
2
Violeta Y. Dancheva ,
3
Ljudmil G. Terziev ,
2
Veneta L. Shopova
4
Angelina M. Stoyanova
Department of Preclinical and
Clinical Pharmacology and
Toxicology,
Medical University – Varna
1
Department of Experimental and
Clinical Pharmacology,
Medical University – Pleven
2
Department of Disaster Medicine,
Medical University – Pleven
3
Clinic of Allergology,
University Hospital – Pleven,
4
Sector of Chemistry,
University Hospital – Pleven,
Bulgaria

Summary
The effect of Aronia melanocarpa fruit juice (AMFJ) on
the activity of antioxidant enzymes in a model of
amiodarone (AD)-induced pneumotoxicity in rats was
studied. AD was instilled intratracheally on days 0 and 2
(6.25 mg/kg as a 3.125 mg/mL water solution). AMFJ (5
mL/kg and 10 mL/kg) was given orally from day 1 to days
2, 4 and 9. The activities of catalase (CAT), glutathione
peroxidase (GPx) and superoxide dismutase (SOD) in
lung tissue were measured on days 3, 5 and 10,
respectively. AD decreased significantly CAT activity on
days 3, 5 and 10. It caused a decrease of GPx activity
which was significant on day 3. It decreased SOD activity
but not significantly. AMFJ antagonized the effects of AD
to such an extent that the enzyme activities at all time
points did not differ significantly from the control values.
The effect of AMFJ is probably due to its polyphenolic
ingredients which serve as powerful radical scavengers.
AMFJ probably decreased of the oxidative damage of
cells by AD-induced overproduction of reactive oxygen
species thus preserving the capacity of cells to produce
antioxidant enzymes which, in turn, could further reduce
oxidative stress.
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Amiodarone is a benzofuran derivative with highly
effective class III antidysrhythmic activity.
However, its use is associated with many side effects
involving many different organ systems. The most
serious side effect of amiodarone is pulmonary
fibrosis. It has been postulated that the cause of ADinduced pneumotoxicity is complex and
multifactorial, possibly involving several
mechanisms [1]. Free radical formation, direct
cytotoxicity, development of lysosomal
phospholipidosis and membrane destabilization are
the documented possible cellular mechanisms of
toxicity, but it is known that the predominant
molecular mechanism of AD-induced cell death is
the oxidative damage [2]. The oxidative stress is
normally due either to increased production of
reactive oxygen species (ROS) or decreased
antioxidant capacity of cells. Oxidative stress
induced by AD has been demonstrated by the
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increased concentration of oxidized glutathione
formation [3, 4] as well as by the increased
superoxide formation [3]. The literature data
concerning the effects of AD on the activity of
antioxidant enzymes in the lung are controversial
[4-6].
Since it is not possible to prevent the
development of oxidative stress itself, it would be
rational to increase the cellular levels of
antioxidants in order to reduce AD-induced lung
damage. Consequently, both catalytic and
scavenger antioxidants have been shown to
attenuate AD-induced lung injury and fibrosis in
animals [7].
Aronia melanocarpa [Michx.] Elliot (black
chokeberry) fruits are extremely rich in phenolic
compounds: procyanidins, flavonoids (mainly
from the subclass of anthocyanins) and phenolic
acids (chlorogenic and neochlorogenic) [8]. A
series of studies has investigated the antioxidant
properties of Aronia juice, Aronia extract or its
phenolic constituents using different well
established assays [8-14]. Fresh Aronia berries
possess the highest antioxidant capacity among
berries and other fruits investigated so far as
measured with oxygen radical absorbance
capacity [9, 11].
Up to now, there are no literature data on the
effect of Aronia melanocarpa in AD-induced
lung damage.
The aim of the present study was to
investigate the effect of Aronia melanocarpa fruit
juice (AMFJ) on the activity of antioxidant
enzymes (catalase, glutathione peroxidase and
superoxide dismutase) in a rat model of ADinduced pneumotoxicity.

Materials and Methods

98

Experimental substances
Amiodarone hydrochloride (AD) and all other
chemicals and reagents were of analytical grade
and were purchased from Sigma-Aldrich
Company (Germany).
AMFJ was produced from Aronia melanocarpa
Elliot fruits grown in the Balkan Mountains,
Bulgaria. They were handpicked in September,
crushed and squeezed. The juice was filtered,
pasteurized at 80°C for 10 min and stored at 0°C
till the experiment. The contents of phenolic
substances in 100 mL AMFJ were: total
phenolics, 709.3±28.1 mg as gallic acid
equivalents, determined spectrophotometrically
according to the Folin-Ciocalteu procedure [15];
total flavonoids, 189.4±8.6 mg as catechin

equivalents, measured by a colorimetric assay
developed by Zhishen et al. [16]; total
anthocyanins, 106.8±6.2 mg as cyanidin-3glucoside equivalents, determined by a pHdifferential spectrophotometry at pH 1.0 and pH
4.5 [17]; quercetin, 11.8 mg, measured by a highperformance liquid chromatography method
[18]. The values were the mean of duplicate
determinations of three samples.
Animals and experimental
treatments
The study was carried out on 72 male Wistar rats
(weight 220-250 g, age 4 months). The animals
were obtained from the Research and Laboratory
Animal Breeding Center of Slivnitsa (Bulgaria)
and were housed in the university animal quarters
for 1 month at a temperature of 22±2oC and
humidity of 50±10%, given normal pelleted diet
and water ad libitum.
All procedures concerning animal treatment
and experimentation were conducted in
compliance with the national laws and policies, in
conformity with the international guidelines
(EEC Council Directive 86/609, IL 358, 1,
December 12, 1987). The experiment was
approved by the Ethic's Committee of Medical
University – Pleven.
The animals were divided into four groups of
18 rats. Each group was subdivided into 3
subgroups of 6 rats. The subgroups were
respectively sacrificed on days 3, 5 and 10 under
thiopental anesthesia (50 mg/kg) by
exsanguination through cutting v. renalis.
Group 1 (Control) received two intratracheal
(i.t.) instillations of sterile distilled water (2
mL/kg) on days 0 and 2, and the three subgroups
received distilled water (10 mL/kg) orally
through an orogastric cannula from day 1 to days
2, 4 and 9, respectively. Group 2 (AD) received
two i.t. instillations of AD (6.25 mg/kg, as a 3.125
mg/mL water solution) on days 0 and 2 [19] and
the subgroups received distilled water (10 mL/kg)
orally through an orogastric cannula from day 1 to
days 2, 4 and 9, respectively. Group 3 (AD +
AMFJ5) was treated with AD i.t. on days 0 and 2,
and from day 1 to days 2, 4 and 9 the respective
subgroups received AMFJ orally at a dose of 5
mL/kg diluted with distilled water to a total
volume of 10 mL/kg. Group 4 (AD + AMFJ10)
was treated with AD i.t. on days 0 and 2, and from
day 1 to days 2, 4 and 9 the respective subgroups
received AMFJ orally at a dose of 10 mL/kg.
AD was dissolved in distilled water at 60°C
and allowed to cool to room temperature before
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the i.t. instillation.

statistical software.

Biochemical assays of lung
homogenate
Lung homogenate was obtained from the right
lung. The tissue was homogenized with KCl
(1.15 %) in 1:10 ratio. The homogenate was
centrifuged (9000 x g, 30 min), and the
supernatant was stored on ice. Catalase (CAT)
activity in mcat/g tissue was measured by the
method of Koroljuk et al. [20]. Glutathione
peroxidase (GPx) in U/g tissue was measured by
the method of Berchneider, modified by
Pereslegina [21]. Superoxide dismutase (SOD)
activity in U/g tissue was measured by the
method of Maral et al. [22].

Results

Statistical analysis
Results are presented as mean ± S.E.M. The data
were tested by one-way ANOVA, followed by
Dunnett,s multiple comparison post test. A level
of p<0.05 was considered significant. All
analyses were performed using GraphPad Prism

CAT activity
AD instillation resulted in a significant decrease
of CAT activity on day 3 to a level that was 62 %
of the control value (p<0.05 vs control), on day 5
to a level that was 55 % of the control value
(p<0.01 vs control) and on day 10 to a level that
was 76 % of the control value (p<0.05 vs control)
(Figure 1). Thus, the inhibition of enzyme activity
was greatest on day 5. AMFJ prevented ADinduced reduction of CAT activity. In rats from
AD + AMFJ5 group, CAT activity did not differ
significantly from the control level and was 114
%, 77 % and 93 % of the control value on days 3, 5
and 10, respectively. In rats from AD + AMFJ10
group, CAT activity was not significantly
different from the control one and was 95 %, 82 %
and 85 %, of the control level on days 3, 5 and 10,
respectively (Figure 1).

Figure 1. Effect of Aronia melanocarpa fruit juice (AMFJ) at doses of 5 and 10 mL/kg on catalase (CAT) activity in
rat lung tissue 3, 5 and 10 days after intratracheal instillation of amiodarone (AD). *p<0.05 vs Control; **p<0.01 vs
Control

GPx activity
Gpx activity is presented in Figure 2. In AD
group, GPx activity was reduced to a level that
was 60% of the control value (p<0.05 vs control)
on day 3, 57% of the control on day 5 and 99% of
the control on day 10. AMFJ antagonized that
effect of AD. In AMFJ-treated animals, GPx
activity did not differ signigicantly from the
control one at all time points. Thus, in rats from

AD + AMFJ5 group, GPx activity was 114%,
92% and 93% of the control value on days 3, 5
and 10, respectively. In rats from AD + AMFJ10
group, GPx activity was 128%, 81% and 137% of
the control activity on days 3, 5 and 10,
respectively (Figure 2).
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Figure 2. Effect of Aronia melanocarpa fruit juice (AMFJ) at doses of 5 and 10 mL/kg on glutathione peroxidase
(GPx) activity in rat lung tissue 3, 5 and 10 days after intratracheal instillation of amiodarone (AD). *p<0.05 vs
Control

SOD activity
As is obvious from Figure 3, AD had no
significant effect on SOD activity. The enzyme
activity of rats from AD group was 88% of the
control value on day 3 and 96% of the control
value on day 5. The effect of AD was greatest on
day 10 when the enzyme activity was reduced to
73% of the control level but the effect was not
statistically significant. At most time points and
rat subgroups AMFJ antagonized the ADinduced tendency for reduction of SOD activity.

Thus, the enzyme activity in rats from AD +
AMFJ5 group did not differ significantly from
the control level and was 100% of the control
value on day 3, 111% of the control on day 5 and
102% of the control on day 10. The enzyme
activity in rats from AD + AMFJ10 group was
also not significantly different from the control
one and was 84% of the control value on day 3,
100% of the control on day 5 and 91% of the
control on day 10 (Figure 3).

Figure 3. Effect of Aronia melanocarpa fruit juice (AMFJ) at doses of 5 and 10 mL/kg on suderoxide dismutase
(SOD) activity in rat lung tissue 3, 5 and 10 days after intratracheal instillation of amiodarone (AD)
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Discussion
There are numerous pathologic similarities
between human and rodent lungs, and as such,
rodent model presents an excellent tool to
investigate pathologic changes in vivo [23]. The
present study investigated the effect of AMFJ on
the activity of antioxidant enzymes in a rat model
of AD-induced pneumotoxicity.
CAT, SOD and GPx are antioxidant enzyme
families that may act co-operatively in protecting
cells against oxidative stress. CAT is a hemecontaining enzyme found in peroxisomes that
catalyzes the dismutation of hydrogen peroxide
(H2O2) to water and molecular oxygen [24]. GPx
is a selenium-containing enzyme that catalyzes
the oxidiation of glutathione to glutathione
disulfide, the ratio of which can be used as an
indicator of oxidative stress [25], and is involved
in the metabolism of lipid hydroperoxides and
H2O2 [26]. SOD catalyzes the metabolism of
superoxide anions to hydrogen peroxide and
molecular oxygen using a variety of cofactors
such as copper, zinc, manganese, and iron [24].
Amiodarone-induced inflammation involves
the recruitment of specific inflammatory cells
such as polymorphonuclear leukocytes,
lymphocytes, plasma cells and eosinophils [27,
28]. Inflammatory cells are capable of releasing
ROS [29]. ROS-induced damage includes lipid
peroxidation, protein polymerization and DNA
strand breakage.
In this study, AD decreased the activity of
CAT and GPx and had insignificant effect on the
activity of SOD. These findings on the effect of
AD on CAT and GPx activities are in accordance
with the findings of other authors [6] who
investigated the effect of AD administered
intraperitoneally to rats. However, there are
studies of other researchers demonstrating that
AD had no effect on the activity of SOD, CAT and
GPx in rat liver mitochondria [5] or even
increased the activity of SOD in hamsters after
intratracheal administration [4].
In the present study, the inhibition of
antioxidative protective enzymatic system by AD
probably resulted in cumulation of ROS and
subsequent oxidative stress-induced pulmonary
toxicity which was demonstrated by pathological
changes in bronchoalveolar lavage fluid and lung
tissue (unpublished data).
The results from the present study show that
AMFJ antagonized the effect of AD antioxidant
enzymes CAT, GPx and SOD and preserved the

enzyme activities to levels that were not
significantly different from the control ones. The
effect of AMFJ was most pronounced on the
activity of CAT which was inhibited to a greatest
extent by AD. These findings are in accordance
with finding of other authors. Kowalczyk et al.
[30] established that aronia anthocyanins
increased CAT activity in mice intoxicated with
sulphide-2-chloroethyl-3-chloropropyl. The
study of Kedzierska et al. [31] demonstrated that
an extract from Aronia melanocarpa berries
reduced the changes in activities of different
antioxidative enzymes (GPx, SOD, and CAT) in
platelets treated with H2O2. Juice pretreatment
resulted in an increase in the activity of CAT, GPx
and glutathione reductase in rats challenged with
N - n i t r o s o d i e t h y l a m i n e [ 3 2 ] . A ro n i a
melanocarpa extract increased the activity of
SOD and GPx in patients with metabolic
syndrome [33].
The preservation of the activity of antioxidant
enzymes by AMFJ might contribute to its
protective effect in AD-induced pneumotoxicity.
Probably due to its radical scavenging activity,
demonstrated by different well established assays
[8-14], AMFJ reduced the damaging effect of
ROS on cellular functions thus preserving the
capacity of the cells to produce antioxidant
enzymes. These enzymes, in turn, could further
increase the protection of lung cells against
oxidative damage.

Conclusions
AD significantly reduced the activities of CAT
and GPx and displayed a tendency to decrease
SOD activity in a rat model of AD-induced
pneumotoxicity. AMFJ antagonized these effects
of AD. AMFJ probably decreased of the ROSinduced oxidative damage to cells thus
preserving their capacity to produce antioxidant
enzymes which, in turn, could further reduce
oxidative stress.
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