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Abstract

Ischemia is a major cause of cardiovascular diseases, with an increased rate of morbidity and mortality, pathogenetically
characterized by redox imbalance, inflammation and tissue damage. The aim of this study was to investigate the effects of
grape seeds (Vitis vinifera L.) and elderberry fruit (Sambucus nigra L.) extracts on the gastrocnemius muscle lesions induced
by the experimental femoral ischemia. The total polyphenolic content and the antioxidant activity of the two extracts were
also evaluated. The effects of ischemia-reperfusion damage were investigated by quantification of oxidative stress, inflammation,
matrix metalloproteinases-2 activity and histopathological analysis of the gastrocnemius muscle. Both extracts showed
beneficial antioxidant effects, decreasing the lipid peroxidation in muscle homogenates. The administration of Vitis vinifera
L. extract diminished the metalloproteinase-2 activity while the treatment with Sambucus nigra L. extract exerted potent anti-
inflammatory effects.

Rezumat

Ischemia este o cauza majora a bolilor cardiovasculare, cu o ratd crescutd a morbiditatii si mortalitatii, caracterizata patogenetic
prin dezechilibru redox, inflamatie si leziuni tisulare. Scopul studiului a fost urmarirea efectelor administrarii unui extract din
sémburi de struguri (Vitis vinifera L.) si ale unui extract din fructe de soc (Sambucus nigra L.) asupra leziunilor muschiului
gastrocnemian, induse de ischemia femurald experimentald. Continutul total de polifenoli si activitatea antioxidanta a extractelor
a fost de asemenea evaluati. Efectele nefavorabile ale ischemiei-reperfuziei au fost investigate prin cuantificarea stresului oxidativ,
inflamatiei, activitatii metaloproteinazelor matriciale-2 si analiza histopatologicd a muschiului gastrocnemian. Ambele extracte
au prezentat efecte benefice, diminuind peroxidarea lipidica in omogenatul muscular. Extractul de Vitis vinifera L. a scazut
activitatea metaloproteinazei-2, in timp ce tratamentul cu Sambucus nigra L. a exercitat efecte antiinflamatorii importante.
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Introduction initiation of revascularization and restoration of the
blood flow in the damaged tissues. However, the
vascular reperfusion exacerbates the inflammatory
status in the affected organ, resulting in the so-called
“reperfusion injury” [5].

The ischemia-reperfusion is a pathological event
associated with imbalance between oxidants and anti-
oxidants [33]; the oxidants synthesis surpasses the
detoxifying capacity of the enzymatic antioxidants,
and therefore a cascade of reactions is initiated leading
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Diseases caused by ischemia (myocardial infarction,
stroke, peripheral vascular diseases) are among the
most prevalent causes of morbidity and mortality
globally [31]. The cell death and tissue lesions initially
occur due to ischemic lesions, with the gravity and
the duration of ischemia being the main factors that
influence the degree of dysfunction. Consequently,
the effectiveness of a therapy is related to the early



FARMACIA, 2021, Vol. 69, 1

to tissue lesions [23]. Granger and Korthuis demonstrated
that the leukocytes post-ischemic recruitment and the
microvascular barrier alteration are initiated by the
free radicals that result from the ischemia-reperfusion.
In addition, reactive oxygen species (ROS) induce pro-
inflammatory phenomena through the promotion of
the chemotactic substances and the formation of
adhesion molecules via nuclear transcription factor
NF-kB activation and expression of pro-inflammatory
genes [20].

Metalloproteinase-2 (MMP-2), a constitutive enzyme
found in almost all cells with a role in the degradation
of the denatured collagen (gelatine) and of the type
IV collagen, is activated by oxidative stress [24, 40, 42,
52]. In fact, MMP-2 can be considered a signal protease
that acts rapidly as a response to the redox imbalance,
especially as a response to ONOO- generated during
post-ischemic reperfusion [8]. The MMP-2 activation
inactivates the tissue inhibitors of metalloproteinases
(TIMP) [18] and interferes with the regulation of new
blood vessels development through the release of
cytokines and growth factors [26]. During the last
years, a special attention was given to the vegetal
antioxidants, owing to their beneficial effects as anti-
oxidant, anti-inflammatory and anti-apoptotic agents
in different diseases. The grapes history starts from
ancient Greek and Roman civilizations when they
were venerated for their usage in wine production.
Polyphenols are the most important phytochemicals
from grapes with proven beneficial effects: antioxidant
[29], cardioprotective, anticancer, anti-inflammatory,
anti-aging and antibacterial [47]. Sambucus nigra L.
(European elderberry), of the Adoxaceae family, contains
flavonoids, glycosides, phenolic acids, free fatty acids,
carotenoids, vitamins and minerals. The antioxidant
activity of elderberry and its derivatives was confirmed
through in vitro and in vivo studies [12] that proved
the protective properties of the fruits, flowers and
leaves [21].

The present study investigated the effects of grape
seeds and elderberry fruits extracts on the muscle
lesions induced by experimental femoral ischemia.
The effect of ischemia-reperfusion damage and the
impact of the fruit’s polyphenols were evaluated in
the gastrocnemius muscle by quantification of oxidative
stress, inflammation, matrix metalloproteinases activity
and histology. The total polyphenolic content and the
antioxidant activity of the two extracts were also
evaluated.

Materials and Methods

Reagents

Bradford reagent, Triton X-100, N-(1-naphthyl) ethylene
diamine hydrochloride, sulfanilamide, glucose-6-
phosphate and glucose-phosphate dehydrogenase were
purchased from Sigma-Aldrich Chemicals GmbH
(Munich, Germany). 2,2’-azinobis-3-ethyl-benzthiazino-
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6-sulphonic acid, Folin-Ciocalteu phenol reagent,
Trolox and 2-thiobarbituric acid were obtained from
Merck KGaA (Darmstadt, Germany). Interleukin-6
ELISA kit was purchased from BioVendor, (Czech
Republic). All reagents were of analytical grade.
Preparation and characterization of fruits extracts
The extract of Vitis vinifera L. (VV) Burgund Mare
variety from Recas (Romania) was obtained through
dried grape seeds grinding (1:20 wi/v) that was mixed
with water/ethanol solution, in ratio 50/50 (v/v) [38].
The total polyphenolic content was measured through
spectrophotometry using the Folin-Ciocalteu method
[45]. The antioxidant activity was evaluated by 2,2'-
azino-his(3-ethylbenzothiazoline-6-sulfonic)  acid
(ABTS) and DPPH test with 2,2-diphenyl-1-picryl-
hydrazyl as previously described [14, 16]. Additionally,
the composition of grape seeds extract was analysed
by high performance liquid chromatography (HPLC)
[16]. The elderberry fruits Sambucus nigra L. (SN)
were collected in Cluj-Napoca, Romania and stored
at -18°C before the extraction procedure. The frozen
fruits (75 grams) were crushed and mixed with 300 mL
food grade acetone. The mixture was shaken for one
hour at room temperature and filtered. The obtained
concentrate extract was stored at 4°C. The free radical
scavenging capacity was estimated using the ABTS
free radical method, slightly modified [11]. The Folin-
Ciocélteu method developed by Singleton [45] slightly
modified [28] was used to determine the total phenolic
content of the fruit extract. A calibration curve of gallic
acid was used to convert the absorbance readings in total
phenolic content which was expressed as g GAE/L.
Experimental design

The study was performed in the Experimental Research
Laboratory of the Physiology Department, “luliu
Hatieganu” University of Medicine and Pharmacy,
Cluj-Napoca, Romania. Wistar adult male rats (150 -
170 g) were acquired from the University’s Biobase.
They were hosted in cages, in standard environmental
conditions (temperature 21 + 1°C degrees; 50 - 60%
relative humidity), with 12 h light/12 h dark cycle,
with access to food and water ad libitum. The rats were
kept in the Experimental Research Laboratory for one-
week acclimatization before the experiments. All the
experiments were performed under the guidelines of
the Directive 89/609/EEC and had the approval of the
Ethical Committee of “luliu Hatieganu™ University of
Medicine and Pharmacy, Cluj-Napoca.

Sixty rats were randomly divided into 6 groups (n = 10),
as follows: control groups, with sham femoral ischemia
(sham - I, I1, 1 groups) and groups with femoral
ischemia (1V, V, VI groups). Group | (sham + veh):
sham and vehicle (phosphate-buffered saline - PBS);
Group Il (sham + VV): sham and 50 mg/kg b.w. Vitis
vinifera L. extract; Group Il (sham + SN): sham and
15 mg/kg b.w. Sambucus nigra L. extract; Group 1V
(isch + veh): femoral ischemia and vehicle; Group V
(isch + VV): femoral ischemia and 50 mg/kg b.w. Vitis
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vinifera L. extract and Group VI (isch + SN): ischemia
and 15 mg/kg b.w. Sambucus nigra L. extract. Prior
to the surgery, the rats received for 14 days, by oral
gavage, the vehicle, VV or SN extracts. On day 14,
under general anaesthesia with ketamine 10% and
xylazine 2% 2:1 (0.1 mL/100 g) the surgical intervention
was performed. Thus, groups I, 11 and 111 underwent a
false (or sham) ischemia procedure while groups 1V,
V and VI were subjected to femoral ischemia by

ligature realized at the emerging of deep femoral
artery from the common iliac artery. Each group of
rats was divided into other two subgroups: half of the
animals received the extract by oral gavage another
7 days, and the other half, another 14 days after the
surgery (Figure 1). On day 21, respectively 28, under
general anaesthesia, gastrocnemius muscle samples
were taken for biochemical and histopathological
analysis.

surgical intervention

-false ischemia (groups |, II, 111}
-femoral ischemia (groups IV, V, VI "'{j‘@;
Dayl Day 14 Day 21
L
v
oral gavage every day
- Vehicle (PBS) - groups | and IV
- Vitis vinifera (V) - 50 mg/kg b.w./dose - groups lland W
- Sembucus nigra (SN) - 15 mg/kg b.w./dose - groups [l and VI

Figure 1

Experimental design

Biochemical assays

Gastrocnemius muscle samples were collected, from
each animal, for oxidative stress and inflammation
evaluation and for histopathological investigations.
For biochemical evaluation the muscle homogenates
prepared with Polytron homogenizer were used.
Homogenization was performed in buffer consisting of
50 mM Tris, with pH = 7.4 and 10 mM EDTA (1/4 =
weight/volume). The sample was cold centrifuged for
5 minutes at 5000 rpm. The levels of malondialdehyde
(MDA) [10] and nitric oxide (NO) [46] and also the
catalase activity (CAT) [37] were assessed.

To determine MDA, muscle homogenate (conc. 50 L)
was boiled for 1 hour on a water bath with a solution
of thiobarbituric acid (10 mM) in K;HPO4 (75 mM)
with pH = 3 (1 mL). The reaction product was suddenly
cooled and extracted into n-butanol. It was separated
by centrifugation, and the concentration was determined
in the organic phase. Using a spectrophotometer, the
emission intensity was quantified at 534 nm in the
synchronous fluorescence system, at a wavelength
difference (AL) between excitation and emission of
14 nm. A curve with known concentrations of MDA,
processed in the same way, was used as a standard.
Values were expressed in nmol/mg protein.

NO was measured by the Griess method for nitrite and
nitrate, through a two-step procedure. In the first step,
the nitrate in the sample was reduced to nitrite using
a conversion buffer containing glucose-6-phosphate
(2.5 mM), glucose-phosphate dehydrogenase (final
concentration 400 U/l) and NADPH-dependent nitrate
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reductase (200 U/1) in sodium phosphate buffer (14
mM), at pH = 7.4 and a solution of NADPH (0.02
mmol). Incubation was followed by precipitation of
the proteins with ZnSO4 (3.5 M). After centrifugation,
the supernatant was treated with Griess reagent (equal
concentrations of 0.1 N-1-naphthyl ethylene diamine
hydrochloride in 200 mL of water and 1 g of sulfanyl-
amide in 100 mL of 5% orthophosphoric acid). The
absorbance of the samples was interpreted at 540 nm.
The nitrite concentration was calculated compared
to a standard nitrite curve. Values were expressed in
nmol/mg protein.

CAT was evaluated with a mixture of reagents consisting
of hydrogen peroxide (10 mM) and phosphate buffer
(50 mM) with pH = 7.4. Absorption was recorded at
240 nm for 3 minutes. The unit of enzymatic activity
is the amount of enzyme that reduces the absorbance
by 0.43/minute at 25 degrees and is expressed in units/
g protein.

IL-6 in muscle homogenate was measured using Rat
Interleukin-6 ELISA kit (BioVendor, Czech Republic)
according to the manufacturer's instructions.

For evaluation of metalloproteinase activity, the
zymography was used [19]. Samples were homogenized
with Ultra Turrax in a medium with 2% glycerine
and 2% SDS in 62.5 mM Tris-HCI buffer. After
centrifugation, the protein in the supernatant was
determined by a modification of Lowry's method. Five
pg protein samples were subjected to 10% polyacryl-
amide gel electrophoresis copolymerized with 1 g/mL
gelatine at 100 V for 2 hours. After electrophoresis,
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the gels were washed for one hour with 2.5% Triton
X-100 solution, then incubated for 18 hours at 37°C
in 50 mM Tris-HCI buffer at pH 7.4. Subsequently, the
gels were stained with 1% Coomassie Brilliant Blue
R-250 solution for 2 hours and then discoloured in
10% acetic acid solution. Proteolytic activity appears
as clear white bands on a blue gel. The quantification
of activities was performed using an automated image
analyser VILBER-LOURMET based on the Bio 1 D
program. The proteolytic activity was confirmed with
an enzymatic marker and reported as arbitrary units/
ug protein.

Histopathological investigation

Gastrocnemius muscles were dissected and fixed in
10% neutral buffered formalin, for 24 hours. Samples
were cross-sectioned into slices with a thickness of
about 5 mm and then embedded in paraffin. Histological
serial sections of 5 pum thickness were cut and stained
with haematoxylin and eosin (H&E). The samples
were examined using a conventional light microscope
(Olympus BX 43) equipped with an Olympus DP 26
digital camera and cellSens Standard image analysis
software. For quantification of the number of nuclei
per microscopic field, the H&E stained muscle sections
were used. The number of nuclei in structures compatible
with capillaries from 6 different fields (magnification
x400) was calculated, in accordance with a previously
published technique [22].

Malondialdehyde - 7 days
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Data analysis

The obtained data were statistically analysed using
GraphPad Prism version 5.0 for Windows, GraphPad
Software, (San Diego California USA), performing
One-way ANOVA followed by the Tukey-test. The
significance threshold was set at p < 0.05.

Results and Discussion

Evaluation of antioxidant activity of fruits extracts
The antioxidant capacity of Vitis vinifera L. was more
important than that of the gallic acid, measured through
ABTS (52.89 £ 0.02 vs. 6.3 £ 0.4 mM Trolox) [16]
and DPPH tests (0.072 + 0.002 vs. 0.083 + 0.004
mmol/mmol DPPH) [14]. Previous published data
on HPLC analysis showed that VVV extract is rich in
procyanidin B, catechin hydrate, epigallocatechin,
epicatechin and gallic acid [36]. Sambucus nigra L.
fruits contain high amounts of phenolic compounds,
especially flavonoids and anthocyanin pigments which
confer their dark colour. These bioactive compounds
are responsible for their antioxidant activity [49]. The
antioxidant capacity of the elderberry fruit extract
assessed by the ABTS method was 16.42 + 0.58 mM
Trolox while the total phenolic content assessed by
Folin-Ciocélteu method was 10.42 + 0.4 g GAE/L fruit
extract.

Malondialdehyde - 14 days

Figure 2.
Oxidative and nitrosative stress assessment in gastrocnemius muscle homogenates (A) Malondialdehide levels
(B) Nitric oxide (C) Catalase activity
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The evaluation of oxidative stress parameters

MDA increased at 7 days after surgery in groups with
femoral ligature, compared to control groups, but without
significant variations (p > 0.05). At 14 days after
surgery, the rats treated with Vitis vinifera L. (sham +
VV) and Sambucus nigra L. (sham + SN) extracts
showed significant decreases of MDA levels in
comparison with animals treated with vehicle (sham +
veh) (p < 0.05). Similar changes were noted also in
the ischemia group. No significant differences were
recorded among the groups subjected to ischemia
and treated with extracts (Figure 2).

NO did not show significant variations in groups at 7
days after the surgical intervention. At 14 days, in the
muscle homogenate of isch + veh group, NO increased
significantly, compared to sham + veh group (p < 0.001).
NO levels increased significantly in rats subjected to
ischemia and treated with Sambucus nigra L. (isch +
SN), compared to sham rats treated with SN extract
(sham + SN) (p < 0.05) (Figure 2). CAT activities

IL-6 - 7 days

pgfmg prot

diminished significantly at 7 days after surgery in
the rats with ischemia treated cu vehicle (p < 0.05)
compared to sham + veh, and in ischemia treated with
Vitis vinifera L. extract compared to sham group treated
with the same extract (p < 0.05). At 14 days, CAT
activities improved in the sham group treated with
Vitis vinifera L. (sham + V), compared to other two
sham groups (sham + veh and sham + SN) (p < 0.01)
and compared to the isch + VV group (p < 0.001)
(Figure 2).

The evaluation of inflammatory markers

At 7 days after surgery, IL-6 levels did not show
significant variations among the groups. At 14 days
after femoral ligature, in the rats with ischemia treated
with SN extract, IL-6 levels decreased significantly,
compared to those treated with vehicle (p < 0.05). In
the sham group treated with Sambucus nigra L. extract,
IL-6 levels were lower than those recorded in the other
control groups (sham + veh, respectively sham + VV)
(p < 0.05) (Figure 3).

IL-6 - 14 days

pg/mg prot

Figure 3.
IL-6 assessment in gastrochemius muscle homogenates

The metalloproteinase MMP-2 activity

Analysis of zymographic images revealed the
presence of immature form or proenzyme MMP-2
in all studied groups. At 7 days after surgery, in
ischemia group treated with Vitis vinifera L.
extract, the activity of MMP-2 decreased

Inactive MMP-2 - 7 days

Uipg P

significantly compared to the sham group that
received the same extract (sham + VV) (p < 0.05).
At 14 days after surgery, the results did not show
any significant modifications among the groups
(Figure 4).

Inactive MMP-2 - 14 days

Figure 4.
MMP-2 activity in gastrocnemius muscle homogenates

Histopathological analysis
No signs of inflammation, degeneration, necrosis or
loss of myofibers were observed in either of the

groups at both experimental times. No morphological
differences were seen between these groups. The results
of the quantification of the number of nuclei/fields in
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structures compatible with capillaries are shown in
Figure 5. There is an insignificant variation between

Group | Group Il

7 days

14 days

Number of capilaries nuclei/ field - 7 days
40

30

Group Il

Group IV

groups at 7- and 14-days following surgery.

Group V Group VI

Number of capilaries nuclei / field - 14 days

30

20

10

Figure 5.
Histopathological images (A) and the quantification of the number of nuclei/fields (B) in gastrocnemius muscle
sections, at the two experimental times

Our study, performed on an experimental femoral
ischemia-reperfusion model in rats, investigated the
protective effects of two natural extracts (Vitis vinifera
L. and Sambucus nigra L.), well-known for their content
of antioxidants, the high degree of tolerability and
for their affordability. We chose the doses of the
preparations based on literature data and personal
experience. The effects were quantified by measuring
the oxidative stress and inflammation parameters and
by the investigation of matrix metalloproteinases activity.
The morphological changes in the muscle were also
assessed, taken at 7 and 14 days after the surgical
procedure. It is known that ROS (reactive oxygen
species) contribute to the development of skeletal
muscle lesions, associated to the ischemia-reperfusion
events [25]. Thus, Biittemeyer et al. measured in rats
the concentration of oxygen radicals (O2) in the
gastrocnemius muscle during reperfusion, after 60
and 120 minutes of femoral ischemia and demonstrated
that epigallocatechin gallatte decreased the O, tissue
level, compared to the animals without treatment [4].
Our results confirmed the in vivo antioxidant effects
for both extracts (Vitis vinifera L. and Sambucus nigra
L.), with significant decreases of MDA levels in the
gastrocnemius muscle in all groups treated with anti-
oxidants, compared to vehicle, but only at 14 days
after surgery. The literature data regarding the role
of polyphenols from elderberry and grape seeds on
femoral ischemia are scarce. However, Simao et al.
demonstrated that the administration of resveratrol
from grapes, 7 days before the transitory ischemia in
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rats, significantly diminished the neuronal death, ROS
production, lipid peroxidation and NO levels [44].
Other researchers noticed the favourable effects of
resveratrol in rats with renal ischemia-reperfusion [7],
intestinal ischemia [32] or myocardial ischemia [13].
In addition, previous studies confirmed the favourable
effects of whole-grape suspension in ischemia-reperfusion
in the urinary bladder of rabbits [17], the beneficial
effects of grape polyphenol extract in neuronal lesions
on cerebral ischemia in gerbils [50, 51].

Some researchers have studied the effects of other
compounds from grape seeds, such as procyanidines
or gallic acid, also present in our extract, in different
pathological conditions associated with ischemia-
reperfusion. They observed the antioxidant action of
gallic acid in hepatic [3], or renal [1] ischemia. Similarly,
proanthocyanidins had cardioprotective effects against
reperfusion-induced injury in isolated rat hearts [35].
These data brought solid arguments for the beneficial
effects of Vitis vinifera extract in ischemia-reperfusion
lesions. In addition, the HPLC profile of Sambucus
nigra fruits mainly concerning their phenolic acid and
flavonoid derivatives revealed the presence of five
anthocyanins cyanidin derivatives: cyanidin-3-
sambubioside-5-glucoside, cyanidin-3,5-diglucoside,
cyanidin-3-sambubioside, cyanidin-3-glucoside and
cyanidin-3-rutinoside, the most abundant being
cyanidin-3-sambubioside. The neuroprotective effect
of cyanidin-3-O-glucoside anthocyanin was demonstrated
by Min et al. in mice with focal cerebral ischemia, the
tested compound reduced the oxidative stress and the



FARMACIA, 2021, Vol. 69, 1

infarct size with 25% and improved the neurological
functional outcome [27]. Elderberry administered for
2 months prior to a 30 min global cerebral ischemia
and reperfusion for 3 days has improved the sensorimotor
impairment, reduced the neuronal death and diminished
the expression of p47phox, a subunit of NADPH
oxidase, and phospho-ERK1/2, enzymes involved in
oxidative stress and inflammation in brain [9]. The
black elderberry fruits also contain high amounts of
quercetin derivatives which were also identified by
HPLC, among these quercetin-3-rutinoside being the
main one [48]. The chromatographic fingerprint of
elderberry extracts also showed the presence of other
flavonols such as rutin, myricetin and kaempferol.
In our research, at 14 days after surgery, in ischemia
groups treated with vehicle or Sambuccus nigra L.
extract, the NO levels increased significantly compared
to the sham groups, but without significant differences
among ischemia groups. The effects of polyphenols
on the NO levels were explained extensively in a
study performed by Rodrigo and Bosco, on experimental
renal ischemia [41]. They tested the polyphenols from
red wine, demonstrating that the reno-protective effects
are produced mainly by the release of NO, as a result
of the increase of the endothelial nitric oxide synthase
(eNOS) expression. The NO production under eNOS
activation depends on cofactor tetrahydrobiopterin
(BH4). At high levels of ROS, BH4 is oxidized; eNOS
is decoupled, leading to increased concentration of
superoxide anion and to decrease NO levels. The
increase of antioxidants’ bioavailability increased
BH4 levels, reduced superoxide anion production and
amplified the NO production. The literature data related
to the NO role in ischemia-reperfusion lesion are
contradictory and depend on the used experimental
model, localization and area of ischemia, and the
dynamic of parameters. Shen et al. demonstrated that
pre-treatment with resveratrol in rats with myocardial
ischemia followed by reperfusion increased NO and
reduced MDA in myocardium [43]. Similar results were
also obtained in our study: polyphenols administration
increased NO levels in ischemia groups, compared
to sham groups, but at lower levels than those of the
ischemia-vehicle group. The antioxidant protection
was quantified through catalase activity. At 14 days
after surgery, CAT activity was improved in the sham
group treated with Vitis vinifera L. extract, compared
to other two sham groups, suggesting the protective
antioxidant role of this natural compound. Similar
results were noticed by Nakagawa et al. on rats with
renal ischemia-reperfusion: CAT and glutathione
peroxidase activities increased after proanthocyanidin-
rich extract administration [30].

Prabhakar studied the cerebroprotective effects of
resveratrol in diabetic rats with ischemia-reperfusion
and noticed the dose-dependent effects. Low levels
of MDA and inflammatory markers including TNF-a,
IL-6 and myeloperoxidase activity and significant
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improvement of antioxidant and anti-inflammatory
markers (CAT, SOD, IL-10) were found after 20 mg/kg
b.w. of resveratrol administration [39]. In our study,
in the muscle homogenates, IL-6 levels decreased at
14 days after ischemia in animals that received Sambuccus
nigra L., suggesting the late protection produced by
this extract administration. MMP-2, matrix metallo-
proteinase that belongs to the zinc-dependent endo-
peptidase family, is involved in various physiological
and pathophysiological mechanisms. In general, MMP-
2 may regulate new vessels formation through the
cytokines and growth factor release [26]. In our study,
at 7 days after surgery, the animals with ischemia treated
with VV extract showed lower MMP-2 activities than
the sham group treated with the same natural compound,
supporting the beneficial effect of polyphenols in
MMP-2 activity regulation. Similar results on MMP-2
were obtained with resveratrol in studies performed on
experimental cerebral ischemia-reperfusion [6, 15, 34].
The density of vessels in the gastrocnemius muscle
was evaluated by counting the endothelial nuclei per
6 microscopic fields (x400). The morphological results
did not reveal significant increases of nuclei in the
areas with ischemia-reperfusion, protected by extracts
administration, probably due to sub-microscopic,
molecular changes induced by polyphenols in this
model of ischemia. Another explanation is offered by
Baron-Menguy et al. who demonstrated the paradoxical
effects of red wine polyphenols on angiogenesis in
experimental ischemia: they protect against noxious
effect induced by ischemia at the cerebral and heart
level through pro-angiogenic properties, stimulating
the growth of new blood vessels in the ischemic area,
but, on the other hand, the polyphenols inhibit the
angiogenesis [2]. In fact, these paradoxical effects
depended on the polyphenols concentration. The inhibitory
effects were observed at high doses (20 mg/kg b.w.)
of polyphenols, while the low doses (0.2 mg/kg b.w.)
had stimulatory effects on angiogenesis. These contradictory
data emphasize the complexity of mechanisms that
occur in ischemia-reperfusion and bring arguments
for dynamic studies to identify the subtle alterations
induced by vascular damage. The obtained results are
promising for the development of complementary
therapies with natural extracts in ischemic related
conditions. The literature data sustain this idea. Thus,
Chuang et al. found that Sambuccus nigra L. protected
against the functional motor deficiencies induced by
the cerebral ischemia and attenuated the neuro-
pathological consequences, including the neuronal
death, activating microglia [9].

Conclusions

The ischemia-reperfusion mechanism induced an
imbalance of the redox status in muscle, increasing
the lipid peroxidation and NO synthesis. The administration
of natural extracts had beneficial effects: it diminished
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the oxidative stress, increased the antioxidant protection
and reduced the MMP-2 activity. Sambucus nigra L.
extract had more important anti-inflammatory effects
than Vitis vinifera L. Our findings indicated that the
administration of one of these extracts may improve
the tissue redox status and inflammation in conditions
related to ischemia-reperfusion and highlighted the
complementary protective role of polyphenols extracts
in ischemia prevention and treatment.
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