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Abstract: Oxidative stress plays a critical task in the biochemical and pathological alteration linked with myocardial ischemic-reperfusion injury (IRI). This

warrants identifying agents with a potential for preventing such damage in an effective way. A novel plant based product, Pycnogenol, obtained from the French
maritime pine (Pinus pinaster ssp. atlantica) bark extract was known for its tremendous antioxidant potential (both in vivo, in vitro). It was able to attenuate the
symptoms of immune dysfunction through restoring a cellular antioxidant status in low micronutrient-induced immune deficient mice. Consequently, the pres-
ent study was deals with the determination of protective effect of Pycnogenol in ischemic—reperfusion injury (IRI) in rats via Non-recirculating Langendorff’s
technique. The effect of Pycnogenol on the level of various key biomarkers in the rat heart homogenate was determined, such as, myocardial thiobarbituric acid
reactive substances (TBARS, a marker of lipid peroxidation), lactic dehydrogenase (LDH) (a marker of tissue injury) and effect on endogenous antioxidants, e.g.,
superoxide dismutase (SOD), catalase (CAT), glutathione (GSH) and glutathione peroxidase (GPx). The activity of these biomarkers appreciably improved in
Pycnogenol-treated group than IRI group (P < 0.05). The effect of Pycnogenol was further confirmed via histopathological examination of cardiac tissues, which
suggests that, it considerably improved the injury related to tissue damage through suppression of edema and infiltration of neutrophil compared to IRI group. It

also showed modulation of the expression of apoptotic factors, e.g. Bcl-2, bax and caspase-9 as confirmed by western blot analysis.
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Introduction

Cardio vascular diseases (CVDs) are ranked as num-
ber one killer in the world responsible for large num-
ber of deaths than any other causes (1,2). Among the
CVDs, ischemia of the heart or Ischemic heart disease
(IHD) is deemed as one of the major causes particularly
in the case for acute myocardial infarction responsible
for unexpected fatality in the world. The IHD could be
greatly contributed by moderate blood supply to the
heart. It results in the apoptosis of cardiomyocyte which
leads to myocardial ischemia and inexorably heart
collapse. However, the resulted cardiac injury will be
prevented once the normal blood supply is restored to
the previous level. Various studies have found that, oxi-
dative stress due to disparity between oxidant and an-
tioxidant systems acts as the major apoptotic stimuli to
trigger the IHDs (3-7). Therefore, to prevent the disease
progression to the other parts of the affected organ and
limit oxidative damage, the anti-oxidant defence system
of the body needs to be boosted by supplementing with
anti-oxidants (8). Due to rich content of Flavanoids,
Pycnogenol, an outstanding natural anti-oxidant, tradi-
tional plants based supplements are widely used in diet
to protect the heart against ischemic injury. It prevent the
process of generation of reactive oxygen species (ROS)
via numerous mechanisms, for instance, inhibition of
xanthine oxidase, chelation of transition metal, scaven-
ging activity and strengthening the cellular antioxidant
capacity (9). Particularly in Ischemic zones, it lowers

the ROS production and improves the restoration of the
blood supply. Pycnogenol, a bark extract derived from
the French maritime pine (Pinus pinaster ssp. atlan-
tica) is chiefly composed of flavan-3-ol derivatives. It
includes specific blend of procyanidins, catechin and
epicatechin (10). Several studies concluded its benefi-
cial role on cardiovascular system which includes pre-
vention of atherogenesis and formation of thrombus
(11). It also improves lipid profile of the blood including
reduction in plasma concentration of LDL-cholesterol
and improves the level of HDL cholesterol. Moreover, it
dilates the constricted arteries by stimulating the eNOS
activity (12). Despite of tremendous anti-oxidant and
cardioprotective potential of Pycnogenol, no study has
been conducted to assess its beneficial effect in ische-
mic—reperfusion injury. Thus, the present study was
intended to determine the protective role of Pycnogenol
in ischemic—reperfusion injury (IRI) in heart of experi-
mental rats induced by oxidative stress.

Materials and Methods

All chemicals including the pycnogenol used in the
present study were of analytical grade and procured
from Sigma Chemicals, USA. The study was conducted
in accordance with the approval of Institutional Animal
Ethical Committee for Animal Experiment.

Pharmacology
Four groups of rats were formed in random manner
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containing 6 rats in each group. While 1 h prior to sacri-
fice, the animals were made insentient with sodium pen-
tobarbitone [60 mg/kg i.p.] and heparinised [375 units
/200 g i.p.]. The following protocol was followed for
further analysis.

Induction of ischemic-reperfusion injury in isolated
rat heart

Non-recirculating Langendorff’s technique (Hufes-
co, Hungary), in constant pressure mode with a modi-
fied Kreb’s Henseleits solution (KH) containing in
mM: glucose 11.1; NaCl 118.5; NaHCO, 25; KCl 2.8;
KH,PO, 1.2; CaCl, 1.2; MgSO, 0.6 with a pH 7.4 was
used for perfusion of hearts of the Rats after rapid exci-
sion and washing with ice-cold saline. The buffer solu-
tion equilibrated with 95% O,+ 5% CO, was distributed
to the aortic cannula at 37 °C under 60 mm Hg stress.
After initial 10 min of equilibration period, zero-flow
(ischemia) was carried for 20 min with 40 min of reflow
(reperfusion). Pycnogenol (0.01% and 0.05%) was used
in two concentrations in the perfusion buffer.

Classification of the animal group

The perfusion of rat hearts only for 70 min serves as
Group A. In the case of Group B, the hearts of rat were
subjected to 10 min of perfusion, followed by 20 min
of ischemia and 40 min of reperfusion. The Pycnogenol
was introduced in next two subsequent groups C and D
with reperfusion with buffer containing 0.01% and 0.05
% it, respectively. In above groups, the rat hearts were
subjected to 10 min of perfusion, followed by 20 min
of ischemia and 40 min of reperfusion with buffer. For
further biochemical estimation and histopathological
studies, after finishing each experiment, the myocardial
tissue was stored in liquid nitrogen and 10% buffered
formalin.

Estimation of biochemical parameters

In respect of biochemical study, following parameter
was assessed, such as, TBARS (Myocardial thiobarbi-
turic acid reactive substances, a marker of lipid peroxi-
dation (13), LDH (lactic dehydrogenase, a marker of
tissue injury) (14) and the endogenous antioxidants e.g.
SOD (superoxide dismutase) (15), CAT (catalase) (16),
GSH (glutathione) (17) and GPx (glutathione peroxi-
dise) (18) in entire groups.

Preparation of homogenate of rat heart

Rat heart tissue homogenate was prepared in a ratio
of 1:10, where 1 g of wet tissue was mixed with 10 times
(w/v) of 0.05 M ice cold phosphate buffer (pH 7.4). The
resulting mixture was homogenized in rotor stator ho-
mogenizer (ultra-turrax) and 0.2 mL of this homogenate
was used for estimation of myocardial TBARS. Other
biochemical parameters were estimated with the remai-
ning part of the homogenate, thus, it was divided into
two equal parts. The one part of the homogenate was
used for the estimation of GSH, where, the homoge-
nate was mixed with 10% trichloroacetic acid (1 : 1),
centrifuged at 5000 xg (4 °C, for 10 min) and resultant
supernatant was used for corresponding assessment.
The supernatant of the next part of the homogenate was
utilized for the estimation of SOD, catalase, GPx and
protein estimation (19,20).

Thiobarbituric acid reactive substances (TBARS)
assay

For TABRS assay, tissue homogenate (0.2 mL) was
mixed with 1.5 mL of 0.8% (w/v) 2-thiobarbituric acid,
1.5 mL of 20% acetic acid and 0.2 mL of 8.1% (w/v)
sodium dodecyl sulfate (SDS). The final volume was in-
creased up to 4.0 mL with distilled water. The resulting
mixture was heated at 95 °C for 60 min. After cooling,
further distilled (1.0 mL) water and mixture of n-buta-
nol and pyridine (15:1, v/v, 5.0 mL) were added to it.
The mixture was shaken vigorously and centrifuged at
5000 xg for 10 min and the optical density of the n-bu-
tanol layer was measured at 532 nm.

Histopathology of rat myocardial tissues

For histopathological analysis, the myocardial tissue
of the rat was fixed in 10% buffered formalin. It was
then routinely processed and implanted in paraffin. The
Paraffin sections (3 um) were cut on slides and stained
with hematoxylin and eosin (H and E), periodic acid
Schiff (PAS) reagent and inspected under a bright light
microscope with magnification of 400x.

Western blot analysis

Briefly, the equal amounts of protein (30 ug) from
the ischemic myocardium tissue samples were separa-
ted and electrotransferred onto polyvinylidene difluo-
ride membranes (Invitrogen) that were probed with
anti-Bax, anti-Bcl-2, and anti-GAPDH and respective
caspase-9 antibodies diluted in blocking buffer. Each
primary antibody was incubated at 4 °C overnight. After
three washes with Tris-buffered saline and Tween 20 for
approximately 15 min, the membranes were incubated
with horse-radish peroxidase-conjugated secondary an-
tibodies (anti-rabbit immunoglobulin G for the primary
antibodies); bands were detected using an ECL system
(PerkinElmer) and were quantified using the Quantity
One software package (Bio-Rad Laboratories, UK). The
result of the control group was defined as 100 %.

Statistical analysis

Statistical analysis were performed and the values
are expressed as mean + SE. To test the significance of
biochemical data of different groups, Unpaired Student’s
T-test and significance was set at P < 0.05.

Results and discussion

The requirement of unique geographical and envi-
ronmental condition has limits the availability of P,
maritime, biological source of Pycnogenol to the Bay of
Biscay in the Landes de Gascogne in France. However,
the various efforts to reproduce in other geographical
location have not become successful. As mentioned in
US Patent (#4,698,360), the bark has been extracted
with water with subsequent washing with ethyl acetate
to remove water-soluble impurities to furnish Pycnoge-
nol. This whole component consist a mixture of mono-
mers, including catechin, epicatechin, and taxifolin and
condensed flavonoids which can be classified as pro-
cyanidins/proanthocyanidins (21,22). Interestingly, it
has been found that, as a dietary supplement in dosage
ranging from 25mg to 250mg, it facilitate in decrease
of blood pressure together with reduced level of LDL
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cholesterol and increase in micro-circulation (23,24).
Various experimental studies concluded the role of Pyc-
nogenols in protection against coronary heart disease
because of its rich antioxidant property (25,26). Thus,
in the present study, we are prompted to elucidate the
effect of Pycnogenols, in IRI of the heart of experimen-
tal rats induced by oxidative strain. For this, the heart
of rat was washed with ice-cold water and then it was
perfused by the non-recirculating Langendorff’s tech-
nique in constant pressure mode with a modified Kreb’s
Henseleits solution (KH). After cycle of perfusion and
reperfusion, the required concentration of Pycnogenols
was pre-mixed with buffer solution and used for the
study. The improvement in heart function, was deter-
mined by measuring the level of various parameters in
rat heart homogenate, such as, myocardial thiobarbitu-
ric acid reactive substances (TBARS, a marker of lipid
peroxidation), lactic dehydrogenase (LDH) (a marker of
tissue injury) and effect on endogenous antioxidants, for
instance, superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH) and glutathione peroxidase (GPx).

Effect of Pycnogenol on thiobarbituric acid reactive
substances (TBARS)

The death of cardiac myocyte in early stages of re-
perfusion is attributable to oxidative injury and asso-
ciated higher level of lipid peroxidation. This in turn,
triggers the elevated level of thiobarbituric acid reac-
tive substances which acts as biomolecular marker for
predicting the peroxidative tissue injury. Thus, limiting
the generation of TBARS, would have significant ef-
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Figure 1. Effect of Pycnogenol on the level of (A1) myocardial
TBARS (nmol/mg protein) and (A2) myocardial LDH (U of
pyruvate release/min/mg protein) in different groups, where,
A: only perfusion, B: ischemic—reperfusion injury (IRI), C:
IRI+0.01% of Pycnogenol D: IRI+0.05% of Pycnogenol. No. of
observation six. Values are mean + SE; For Al: . *P < 0.05 vs. A;
**P < 0.01 vs. B; ***P < 0.001 vs. B; For A2: ***P < 0.001 vs.
A;7"P<0.001 vs. B; P <0.01 vs. B.

fect on preventing the lipid peroxidatation by limiting
the generation of reactive oxygen species (ROS). As
shown in Fig. 1(Al), it was suggested that, the myocar-
dial TBARS in group A was found lower than group B.
Whereas, on introduction of the test drug (Pycnogenol),
the level of the TBARS has been significantly reduced
in dose dependent manner, i.e group C and D. There-
fore, it was corroborated that due to high antioxidant
potential, Pycnogenol have sufficient ability to reduce
the elevated levels of TBARS for its protective action.

Effect of Pycnogenol on myocardial LDH

The death of cardiac tissue even in small quantity
could be measured significantly by quantifying the level
of lactate dehydrogenase (LDH) in serum. These en-
zymes are present in sufficiently high content in myo-
cardial tissue and released upon the injury. It follow a
definite pattern of release, where the total LDH level
rises within 24-48 hours after a heart attack, reach to
highest in two to three days, and revert back to average
level in roughly five to ten days. Thus, reducing the
level of lactic dehydrogenase (LDH) serves as the main
determinant to circumvent the coupled cellular injury. It
has been found in Fig. 1(A2), the rats treated with two
diverse concentration of test compound, group C and D
exhibit improved level of LDH which correlates well
with the protective effect of compound against isch-
emia—reperfusion injury in cardiac tissues.

Effect of Pycnogenol on myocardial SOD, CAT, GSH
and GPx

To prevent the ischemic-reperfusion injury, myocar-
dial tissue has its own defence mechanism, which works
on generation of various enzymes, such as, SOD, CAT,
GSH and GPx. These enzymes are behaved as endog-
enous antioxidants to counteract the action of available
ROS. Therefore, agents help in augmenting the level of
these enzymes would be beneficial for cardio-protective
action. It was clearly exemplified in the Fig. 2 (A1-A4)
that, the levels of these enzymes have been significant-
ly elevated upon administration of Pycnogenol. Thus,
it has been suggested that, the administration of Pyc-
nogenol causes elevated levels of these natural anti-
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Figure 2. Effect of Pycnogenol on the levels of myocardial
enzymes (in U/mg protein), Al: SOD; A2: CAT; A3: GSH; A4:
GPx. Values are mean + SEM. No. of observation six; For Al: *P
< 0.05 vs. A, "P < 0.05 vs. B; A2: #**P < 0.05 vs. A, **P < 0.01
vs.B; A3: **P < (.05 vs. B. Ad: **P < 0.05 vs. B.
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oxidants to shield tissue. The presence of high content
of flavanoids and related compound in Pycnogenol are
considered to be responsible for this action.

Histopathological study

The heart section of treated rats after Ischemic-re-
perfusion injury stained with haematoxylin and eosin
showed degradation of fibres of the myocardial tissues.
It was confirmed with the alteration in neutrophil and
considerable edema as shown in Fig.3B. The introduc-
tion of Pycnogenol at 0.01 % concentration, no necrosis
of the cardiac tissue was observed accompanied with
edema and less neutrophil infiltration (Fig.3C). While
on increasing the concentration, Pycnogenol inhibited
the infiltration of neutrophil and edema (Fig.3D) as
compared to the Group B.

Effect of Pycnogenol on the pro-apoptotic factor

Bcl-2 group of proteins play a vital role in apoptotic
cell death. They also belived to involve as a key role in
caspase activation and the regulation of apoptosis. The
Bcl-2 family is further divided into two classes: one
with antiapoptotic protein, such as Bcl-2 and Bcel-XL,
and the other with proapoptotic protein, Bax and Bak.
Our findings suggest that the protective effects of pyc-
nogenol against [-/R-induced apoptosis were associated
with the modulation of Bax and Bcl-2 expression. In
addition, caspase-3 is a member of the cysteine—aspar-
tic acid protease (caspase) family. It is the predominant
caspase that plays a central role in the execution phase
of cell apoptosis. We found that isolated myocardial I/R
injury resulted in significantly increased caspase-9 ex-
pression compared with administration of pycnogenol
before ischemia and throughout reperfusion. And, I/R
increased the percentage of apoptotic cells. Such effect
was significantly attenuated by adding pycnegenol.
Thus, the results demonstrate that pycnegenol amelio-
rates I-/R-induced myocardial apoptosis.

The effect of pycnogenol was investigated on the
expression of proapoptotic factor Bax and that of the

M p

Figure 3. Tissues of rats under bright light micrograph (x 400), rat
heart was subjected to A) perfusion for 70 min only. B) ischemia
of 20 min and 40 min of reperfusion injury. C) 20 min of ischemia
and reperfusion for 40 min with 0.01% of Pycnogenol. D) 20 min
ischemia and reperfusion for 40 min with 0.05% of Pycnogenol.
Where, N: Nornal cells, RC: Regenerative Cells, MC: Myonecrotic

cells and DC: Degenerative cells.
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Figure 4. Effect of on the level of various apoptotic factors, e.g.
(A) representative blot (B)Bax, (C) Bcl-2, (D) cleaved caspase-9,
intact caspase-9 using GAPDH as control in different groups,
(Groups: A: only perfusion, B: ischemic—reperfusion injury (IRI),
C: IRI+0.01% of Pycnogenol D: IRI+0.05% of Pycnogenol).

Values are mean = SEM **P < (.05 vs. B.

antiapoptotic factor Bcl-2 as specific markers of cell
apoptosis via western blot analysis. Results as shown in
Fig. 4 suggested that, animals belongs to the I/R group
showed significant increase in the Bax expression and
reduced Bcl-2 expression as compared with control
(p<0.01).

As a concluding remark, it has been fond that, consi-
derably improved the injury related to tissue damage
through suppression of edema and infiltration of neutro-
phil compared to IRI group. It also showed modulation
of the expression of apoptotic factors, e.g. Bel-2, bax
and caspase-9 as confirmed by western blot analysis.
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