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LRNFLABORATORY STUDY

Protective Effects of Pycnogenol against Ischemia Reperfusion-Induced 
Oxidative Renal Injury in Rats

Pycnogenol Ameliorates Renal Ischemia Reperfusion InjuryAhmet Ozer Sehirli and Göksel Sener
Marmara University, School of Pharmacy, Department of Pharmacology, Istanbul, Turkey

Feriha Ercan
Marmara University, School of Medicine, Department of Histology & Embryology, Istanbul, Turkey

Introduction. Oxygen free radicals are involved in patho-
physiology of ischemia/reperfusion (I/R) injury. This study was
designed to assess the possible protective effect of pycnogenol
(PYC) against I/R-induced oxidative renal damage. Materials
and methods. Wistar albino rats were unilaterally nephrecto-
mized and subjected to 45 min of renal pedicle occlusion fol-
lowed by 3 h of reperfusion. PYC (10 mg kg−1, i.p.) or saline was
administered at 15 min prior to ischemia and immediately before
the reperfusion period. At the end of the 3 h, rats were decapi-
tated and trunk blood was collected. Creatinine, blood urea nitrogen
(BUN), and lactate dehydrogenase (LDH) activity were mea-
sured in the serum samples, while proinflammatory cytokines,
TNF-a, IL-1b, and IL-6 levels were assayed in plasma samples.
Kidney samples were taken for the determination of tissue mal-
ondialdehyde (MDA), glutathione (GSH) levels, Na+,K+-ATPase,
and myeloperoxidase (MPO) activities, and the extent of tissue
injury was analyzed microscopically. Results. Ischemia/reperfusion
caused a significant decrease in tissue GSH level and Na+,K+-
ATPase activity, which was accompanied with significant increases
in the renal MDA level and MPO activity. Similarly, serum crea-
tinine and BUN levels, as well as LDH and IL-1b, IL-6, and
TNF-a levels, were elevated in the saline-treated I/R group as
compared to saline-treated control group. On the other hand,
PYC treatment reversed all these biochemical indices, as
well as histopathological alterations that were induced by I/R.
Conclusions. Findings of the present study suggest that pycno-
genol exerts renoprotective effects, via its free radical scavenging

and antioxidant activities, that appear to involve the inhibition of
tissue neutrophil infiltration.

Keywords ischemia/reperfusion, pycnogenol, glutathione,
cytokines, myeloperoxidase activity, TNF-a

INTRODUCTION

Renal ischemia/reperfusion (I/R) injury is associ-
ated with increased mortality and morbidity rates due to
acute renal failure (ARF). Various clinical–surgical
procedures such as kidney transplantation, bypass pro-
cesses, renal angioplasty, and clamping of the renal
pedicle or the aorta above the renal arteries are frequent
urological or vascular events and require temporary
interruption or reduction of the renal perfusion flux.[1,2]

Although the return of blood flow to ischemic tissue
can result in recovery of normal functions, the tissue
may also be injured paradoxically during the process of
reperfusion.[3]

The mechanisms proposed to explain the I/R injury
include reactive oxygen species (ROS) such as superoxide
radical (O2

−), hydrogen peroxide (H2O2), and hydroxyl
radical (OH−) neutrophil accumulation, and the subse-
quent release of additional ROS.[4,5] The infiltration of
polymorphonuclear leukocytes in a tissue is characteristic
of acute inflammation and indicates the collective action
of chemotactic mediators.[6] Once neutrophils migrate into
the ischemic area, they release reactive oxygen species,
proteases, elastase, myeloperoxidase (MPO), cytokines,
and various other mediators,[7] all of which are involved in
tissue injury. The protection provided by free radical scav-
engers against ROS produced during injury further sup-
ports the hypothesis that free radical species are involved
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in the cellular pathogenesis of I/R injury.[8,9] Because
previous interventions against ARF have proved to be
largely ineffective and dialysis remains the only effective
therapy, the development of novel therapeutic interven-
tions against I/R-induced renal injury is a topic of intense
research interest. Biological compounds with anti-oxidant
properties may contribute to the protection of cells and tis-
sues against the deleterious effects of ROS and other free
radicals induced by I/R.[10,11] Thus, agents proposed to be
useful in the clinical settings of I/R damage include free
radical scavengers.

Naturally occurring flavonoids possess free radical
scavenging properties and neuroprotection from oxidative
injury by their ability to modulate intracellular signals.[12]

These flavonoids are found in fruits, vegetables, and plant-
derived beverages, and may have important roles as dietary
components via cytoprotective actions in many organs.[13,14]

Pycnogenol (PYC), a patented combination of biofla-
vonoids extracted from the bark of French maritime pine
Pinus maritima,[15] is prepared by a standardized proce-
dure that includes the extraction of fresh pine bark with
ethanol and water.[16] This mixture is mainly composed of
polyphenolic monomers, procyanidins, and phenolic or cin-
namic acids and their glycosides procyanidins, flavonoids,
and phenolic compounds.[16−18] PYC has been also shown
to exert ameliorative effects on cardiovascular, skin, cog-
nitive, and menstrual disorders, as well as in the context of
other diseases and disease processes such as diabetes,
asthma, and inflammation.[19] The mechanisms of these
effects of PYC extract have been elucidated in a variety of
in vitro and cell culture studies.[20,21] In addition to its rad-
ical scavenging activity, an inhibition of NF-kB-dependent
gene expression and decrease of the activity of various
pro-inflammatory mediators and adhesion molecules were
observed after incubation of cells with the pycnogenol
extract.[22]

In view of the findings described above, the aim of the
present study was to evaluate to what extent PYC would
provide protection against I/R-induced tissue damage in
the kidney, by determining biochemical parameters and
histological examination.

MATERIALS AND METHODS

Animals

Male Wistar albino rats (200–250 g) were housed in
an air-conditioned room with 12-h light and dark cycles,
where the temperature (22±2°C) and relative humidity
(65–70%) were kept constant. All experimental protocols
were approved by the Marmara University School of Med-
icine Animal Care and Use Committee.

Surgery and Experimental Protocol

Under anaesthesia (100 mg/kg ketamine and 0.75 mg/kg
chlorpromazine, i.p.), a right nephrectomy was performed
and the left renal pedicle was occluded for 45 min to
induce ischemia prior to reperfusion for 3 h (I/R group).
None of the animals died during the I/R period. Another
group of rats underwent laparotomy only, where the kid-
neys were manipulated without nephrectomy or occlusion
(sham-operated control group). Rats were treated with
either PYC (10 mg/kg, i.p.; Mikrogen Pharmaceuticals,
Istanbul, Turkey.) or saline on two occasions, 30 min prior
to ischaemia and immediately before the reperfusion
period. The dose of pycnogenol used in this study is based
on previous studies where the antioxidant effects of pyc-
nogenol are observed.[23−25] Each group consisted of
six rats.

Biochemical Analysis

The animals were decapitated at the end of the reper-
fusion period and trunk blood samples were collected to
determine blood urea nitrogen (BUN)[26] and creati-
nine,[27] as indicators of kidney functions. Lactate dehy-
drogenase (LDH) activity[28] and proinflammatory
cytokines (TNF-a, IL-b, and IL-6) were also assayed in
serum samples. In the renal tissue samples stored at –
70°C, malondialdehyde (MDA) and glutathione levels and
myeloperoxidase (MPO) and Na+,K+-ATPase activities
were measured. Additional kidney samples were placed in
10% formaldehyde for histological evaluation of renal
injury.

Plasma levels of TNF- a, IL-1b, and IL-6 were quanti-
fied according to the manufacturer’s instructions and
guidelines using enzyme-linked immunosorbent assay
(ELISA) kits specific for the previously mentioned rat
cytokines (Biosource International, Nivelles, Belgium).
These particular assay kits were selected because of their
high degree of sensitivity, specificity, inter- and intraassay
precision, and small amount of plasma sample required to
conduct the assay.

Tissue samples were homogenized with ice-cold 150
mM KCl for the determination of malondialdehyde
(MDA) and glutathione (GSH) levels. The MDA levels
were assayed for products of lipid peroxidation by moni-
toring thiobarbituric acid reactive substance formation as
described previously.[29] Lipid peroxidation was expressed
in terms of MDA equivalents using an extinction coeffi-
cient of 1.56 × 105 M−1 cm −1, and results are expressed as
nmol MDA/g tissue. GSH measurements were performed
using a modification of the Ellman procedure.[30] Briefly,
after centrifugation at 3000 rev./min for 10 min, 0.5 ml of
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supernatant was added to 2 ml of 0.3 mol/L Na2HPO4.2H2O
solution. A 0.2 ml solution of dithiobisnitrobenzoate
(0.4 mg/mL 1% sodium citrate) was added, and the absor-
bance at 412 nm was measured immediately after mixing.
GSH levels were calculated using an extinction coefficient
of 1.36 × 104 M−1 cm −1. Results are expressed in μmol
GSH/g tissue.

Myeloperoxidase (MPO) is an enzyme that is found
predominantly in the azurophilic granules of polymorpho-
nuclear leukocytes (PMN). Tissue MPO activity correlates
significantly with the number of PMN determined his-
tochemically in inflamed tissues[31] and therefore is fre-
quently utilized to estimate tissue PMN accumulation.
MPO activity was measured in tissues in a procedure simi-
lar to that documented by Hillegas et al.[32] Tissue samples
were homogenized in 50 mM potassium phosphate buffer
(PB, pH 6.0) and centrifuged at 41,400 g (10 min); pellets
were suspended in 50 mM PB containing 0.5 % hexade-
cyltrimethylammonium bromide (HETAB). After three
freeze and thaw cycles, with sonication between cycles,
the samples were centrifuged at 41,400 g for 10 min. Ali-
quots (0.3 ml) were added to 2.3 ml of reaction mixture
containing 50 mM PB, o-dianisidine, and 20 mM H2O2
solution. One unit of enzyme activity was defined as the
amount of MPO present that caused a change in absor-
bance measured at 460 nm for 3 min. MPO activity was
expressed as U/g tissue.

Measurement of Na+,K+-ATPase activity is based on
the measurement of inorganic phosphate that is formed
from 3 mM disodium adenosine triphosphate added to the
medium during the incubation period.[33] The medium was
incubated in a 37° C water bath for 5 min with a mixture
of 100 mM NaCl, 5 mM KCl, 6 mM MgCl2, 0.1 mM
EDTA, 30 mM Tris HCl (pH 7.4). Following the preincu-
bation period, Na2ATP, at a final concentration of 3 mM,
was added to each tube and incubated at 37°C for 30 min.
After the incubation, the tubes were placed in an ice bath,
and the reaction was stopped. Subsequently, the level of
inorganic phosphate was determined in a spectrophotometer
(Shimadzu, Japan) at excitation wavelength of 690 nm.[34]

The specific activity of the enzyme was expressed as μμol
Pi mg−1 protein h−1. The protein concentration of the superna-
tant was measured by the Lowry method.[35]

Histopathological Analysis

For the light microscopic investigations, kidney sam-
ples were fixed with 10% formaldehyde, dehydrated in
graded alcohol series, cleared in toluene, and embedded in
paraffin. Tissue sections (5 μm) were stained with hema-
toxylin and eosin (H&E) and examined under an Olympus
BX51 photomicroscope (Tokyo, Japan). All tissue sections

were examined microscopically for the characterization of
histopathological changes by an experienced histologist
who was unaware of the treatment conditions.

Statistical Analysis

Statistical analysis was carried out using GraphPad
Prism 4.0 (GraphPad Software, San Diego; California,
USA). Each group consisted of eight animals. All data
were expressed as means ± SEM. Groups of data were
compared with an analysis of variance (ANOVA) followed
by Turkey’s multiple comparison tests. Values of p < 0.05
were regarded as significant.

RESULTS

As shown in Table 1, blood urea nitrogen (BUN) and
creatinine evels in the saline-treated I/R group were signif-
icantly higher than those in the control rats (p < 0.001).
When PYC was administered before ischemia and the sub-
sequent reperfusion period, these elevations in BUN and serum
creatinine levels were significantly depressed (p < 0.01).
Similarly, lactate dehydrogenase activity, as a marker of
generalized tissue damage, showed a significant increase
in the saline-treated I/R animals (p < 0.001), while PYC
administration reversed this effect (p < 0.01). Compared
with the sham groups, levels of the pro-inflammatory
cytokines TNF-a, IL-1b, and IL-6 in the saline-treated I/R
groups were significantly increased. On the other hand,
these I/R-induced changes were also reversed following
PYC treatment (p < 0.01–0.001; see Table 1).

In accordance with this, I/R caused a significant decrease
in renal GSH level (1.04 ± 0.19 μmol/g; p < 0.001) when com-
pared to saline-treated sham group (2.29 ± 0.18 μmol/g), while
in the PYC-treated I/R group, renal GSH content was found to
be preserved (1.95 ± 0.16 μmol/g; p < 0.05), not being signifi-
cantly different from that of the saline-treated sham group (see
Figure 1a). The renal tissue MDA content in the saline-treated
sham group (34.3 ± 5.6 nmol/g) was elevated by I/R injury
(67.8 ± 7.5 nmol/g, p < 0.05); however, PYC treatment signif-
icantly decreased the I/R-induced elevation in renal MDA
level (37.4 ± 7.2 nmol/g, p < 0.05; see Figure 1b).

Myeloperoxidase activity, which is accepted as an
indicator of neutrophil infiltration, was significantly
higher in the kidney tissue of the saline-treated I/R group
(28.3 ± 4.2 U/g, p < 0.001) than that of the saline-treated
sham group (9.9 ± 1.5 U/g; see Figure 2a). On the other
hand, PYC treatment in I/R group significantly decreased
renal tissue MPO level (14.9 ± 2.6, p < 0.01), which was
found to be no different than that of the saline-treated
sham group. The activity of Na+,K+-ATPase was shown to
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be significantly decreased in thre saline-treated I/R group
(0.65 ± 0.17 μmol/mg protein/h, p < 0.01) compared with
saline-treated sham group (2.55 ± 0.39 μmol/mg protein/h);
however, PYC treatment significantly increased the I/R-

induced reduction in renal Na+,K+-ATPase activity (1.93 ±
0.19 μmol/mg protein/h, p < 0.05; see Figure 2b).

Light microscopic evaluation of the sham group, regular
kidney morphology with Bowman’s spaces, glomeruli,

Table 1 
Effects of pycnogenol (10 mg/kg) treatment on some biochemical parameters

in the serum of experimental groups

Parameter

Sham group I/R group

Saline-treated PYC-treated Saline-treated PYC-treated

BUN (U/L) 17.8 ± 2.5 16.6 ± 2.7 46.4 ± 5.8* 23.9 ± 3.3†

Creatinine (U/L) 0.58 ± 0.09 0.53 ± 0.06 1.98 ± 0.29* 0.95 ± 0.13†

LDH (U/L) 1040 ± 141 885 ± 119 3363 ± 259* 1774 ± 408†

TNF-a (pg/mL) 5.9 ± 1.1 5.2 ± 0.8 41.6 ± 9.1* 17.1 ± 2.9†

IL-1b (pg/mL) 10.1 ± 1.7 7.8 ± 1.6 54.3 ± 6.3* 24.1 ± 4.6‡

IL-6 (pg/mL) 24.9 ± 3.6 19.1 ± 3.1 77.1 ± 8.5* 29.9 ± 7.1‡

Data are the mean±SEM of six animals.
*p < 0.001, compared to saline-treated sham group.
†p < 0.01, ‡p < 0.001, compared with the saline-treated ischemia-reperfusion (I/R) group.
Abbreviations: PYC = pycnogenol, BUN = blood urea nitrogen, LDH = lactate dehydrogenase, TNF-a = tumour

necrosis factor-a, IL = interleukin.

Figure 1. (a) Glutathione (GSH) and (b) malondialdehyde
(MDA) levels in the kidney tissue of saline- or pycnogenol
(PYC)-treated I/R groups and sham groups. Each group consists
of six animals. * p < 0.05, *** p < 0.001, compared to saline-treated
sham group. +p < 0.05, compared to saline-treated I/R group.
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and tubular epithelium (see Figure 3a) was observed. In
the IR group (see Figure 3b), severe vascular congestion,
degeneration of the tubular epithelium, glomerular and
Bowman’s space structures, and severe inflammatory cell
infiltration were observed. On the other hand, morphologi-
cally demonstrated degenerations in the kidney tissues of
the rats were clearly improved when the animals were
treated by PYC (see Figure 3c).

DISCUSSION

In the present study, our results demonstrated that
temporary blockade of the renal blood supply yielded to
structural and functional alterations in the kidney, with a
concomitant increase in pro-inflammatory cytokines in the
blood. PYC reduced the severity of injury and depressed
the concentration of these cytokines. In addition, histo-
pathological evaluation of the kidneys also confirms the
protective effect of PYC.

In macrophages, nuclear factor kB (NF-kB) in cooper-
ation with other transcription factors coordinates the
expression of genes encoding both iNOS and TNF-a. NF-
kB plays a critical role in the activation of immune cells by
upregulating the expression of many cytokines essential to
the immune response.[36] In particular, NF-kB stimulates
the production of IL-1, IL-6, TNF-a, lymphotoxin, and
IFN-g.[37] It has been recently shown that tissue expression
of TNF-a, IL-1b, and IL-6 was increased following renal
I/R.[38] In accordance with these findings, in the present
study, the plasma levels of the pro-inflammatory cytokines
TNF-a, IL-1b, and IL-6 were significantly elevated in I/R-
induced renal injury, which was verified using both bio-
chemical and histological assessment. Furthermore, PYC
reversed all these parameters of injury and the levels of the
inflammatory mediators while protecting the renal tissue
against reperfusion-induced oxidative injury.

In the current study, the results obtained regarding the
increased concentrations of MDA (an indicator of lipid
peroxidation) and decreased GSH concentration in the kid-
ney clearly indicate that I/R is able to induce the oxidative
stress. Enhanced peroxidation of lipids in intra- and extra-
cellular membranes results in the damage to the cells, tis-
sues, and organs. Several studies have demonstrated that
ischemia in the kidney is associated with lipid peroxida-
tion, which is an autocatalytic mechanism leading to oxi-
dative destruction of cellular membranes, and their
destruction can lead to the production of toxic, reactive
metabolites and cell death.[39−41] On the other hand, cells
are able to defend themselves from damaging effects of
oxygen radicals by way of their own antioxidant mecha-
nisms, including enzyme systems, vitamins, elements, and
some antioxidant molecules.[42] Reduced thiol agents, such

as GSH, which are capable of interacting with free radicals
to yield more stable elements, are known for their ability
to repair membrane lipid peroxides.[43] In this sense, GSH

Figure 3. (a) Regular morphology of kidney was observed in
sham group. (b) Degenerated Bowman’s space and glomerular
structure (*), severe vascular congestion (arrow), and
degenerated tubular epithelium (arrow head) and inflammatory
cell infiltration (i) were observed in the IR groups. (c) Quite
regular Bowman’s space and glomerular structure, mild vascular
congestion (v), and degenerated tubular epithelium (arrow) were
observed in PYC-treated IR group. H&E staining, original
magnifications: 200×, inset: 400×.
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and other antioxidants play a critical role in limiting the
propagation of free-radical reactions, which would other-
wise result in extensive lipid peroxidation. In the present
study, I/R of the kidney significantly depleted tissue
GSH stores, indicating that GSH was used as an antioxi-
dant for the detoxification of toxic oxygen metabolites,
while the susceptibility of the involved tissues to I/R-
induced oxidative injury was enhanced. On the other
hand, tissue GSH content was not depleted in the PYC-
treated I/R groups, suggesting that PYC possessed anti-
oxidant effects and preserved the cellular antioxidant
stores.

During ischemia, particularly the reperfusion phase,
tissue injury involves the participation of several potential
sources of toxic oxygen species, including mitochondrial
electron transport systems, purine catabolism by xanthine
oxidase, and infiltration of phagocytes (i.e., neutrophils
and monocytes). As already mentioned above, one plausible
mechanism for inducing tissue damage is free radical-
induced lipid peroxidation. Furthermore, the importance
of circulating polymorphonuclear leukocytes as mediators
in I/R has also been widely investigated. ROS can generate
hypochlorous acid (HOCl) in the presence of neutrophil-
derived myeloperoxidase (MPO) and initiate the deactiva-
tion of antiproteases and activation of latent proteases,
which can lead to tissue damage.[44,45] Several methods
have been used to define the role of neutrophils in reperfu-
sion tissue injury. One of them is a neutrophil-specific
enzyme, myeloperoxidase activity.[46] On the other hand,
oxidative stress could also be involved in inflammatory
glomerular lesions caused by series of mediators, includ-
ing cytokines and chemokines, that can lead to leukocyte
activation, production of ROS, and increased glomerular
damage.[47] Peripheral monocytes infiltrating the kidney
have traditionally been considered the primary source of
renal TNF. On the other hand, oxidants released during the
reperfusion of ischemic tissue stimulate transcription fac-
tors involved in TNF expression.[48] It has been shown that
exogenous TNF induces renal cell apoptosis, glomerular
endothelial damage, fibrin deposition, cellular infiltra-
tion, and renal failure.[49,50] In the present study, the ele-
vated tissue MPO activity and the increased serum TNF-a
level indicate the contribution of neutrophil infiltration
and the involvement of pro-inflammatory cytokine
TNF-a in I/R-induced renal injury. In this study, as
expected, I/R caused a marked increase in MPO activity;
furthermore, this increase was inhibited by PYC treatment.
This might also result in reduced lipid peroxidation and
thus less accumulation of MDA, as the activation of
neutrophils might lead to the generation of more oxy-
gen reactive metabolites.

Na+,K+-ATPase is a membrane-dependent enzyme
that enables the transport of sodium and potassium across

the membrane against a concentration gradient by hydrol-
ysis of ATP and maintenance of intracellular electrolyte
homeostasis.[51] Because membrane-bound enzymes
require phospholipids for the maintenance of their activ-
ity and are susceptible to structural changes due to lipid
peroxidation,[50,52] assessment of the Na+,K+-ATPase
activity is also used as an index for oxidant-induced tissue
injury and lipid peroxidation.[50] In ischaemia, the deple-
tion of energy stores and the initiation of lipid peroxida-
tion due to increased free radicals following reperfusion
causes inhibition of membrane Na+,K+-ATPase activ-
ity.[53,54] Thus, I/R-induced ARF, characterized by
impaired renal function, reduced glomerular filtration,
and tubular sodium reabsorption, has been related to func-
tional disorders of Na+/K+-ATPase.[55] In the current
study, tissue injury was accompanied by a simultaneous
increase in MDA and a decrease in Na+,K+-ATPase activ-
ity, while the systemic inflammatory response was veri-
fied by increased serum LDH activity. On the other hand,
treatment with PYC, by inhibiting neutrophil infiltration
and subsequent lipid peroxidation and increasing the
pump activity, significantly protected tissues against I/R
injury.

Previous studies showed that PYC is a very potent
antioxidant to scavenge reactive oxygen and nitrogen spe-
cies, such as superoxide anion radical, hydroxyl radical,
lipid peroxyl radical (LOO•), peroxynitrite radical, and
singlet oxygen (1O2). It has also been shown to bind to
proteins, thereby affecting both structural and functional
characteristics of key enzymes and other proteins involved
in metabolism; to participate in the cellular antioxidant
network, especially in prolonging the lifetime of ascorbyl
radical, possibly through a one-electron reduction of dehy-
droascorbic acid; and to protect endogenous vitamin E and
glutathione.[20,56] It has been claimed that PYC has diverse
beneficial effects on a wide range of medical conditions,
including inflammation, diabetes, asthma, hypertension,
attention deficiency hyperactivity disorder, cancer,
immune disease, and others.[17]

The antioxidant activity of PYC has been demon-
strated to protect against various degenerative conditions
caused by free radicals, including diabetes-induced oxi-
dative stress,[56] ethanol-induced neuronal cell death,[57]

2,4,6-trinitrobenzene sulfonic acid-induced inflamma-
tory bowel disease,[58] and ionizing radiation-induced
intestinal damage.[59] The results of the above studies and
our investigation strongly suggest that the protective
effect of PYC against I/R induced tissue damage
observed in this study largely resulted from antioxidant
activity, including stabilization in the intracellular anti-
oxidant defense systems and reductions in the lipid per-
oxidation products and the production of reactive oxygen
species.
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In conclusion, this study demonstrates for the first
time that PYC, a phenolic compound, reduces I/R-induced
renal injury and preserves renal function. The protective
effect of PYC can be attributed, at least in part, to its ability
to balance oxidant-antioxidant status, to inhibit neutrophil
infiltration, and to regulate the inflammatory mediators, sug-
gesting a future role in the treatment of oxidative renal injury
and subsequent organ failure due to ischemia/reperfusion.
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