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Abstract

Introduction :The present study aims to ciemonstrate the efficancy of pycnogenol as a
protector in male mice against hazzards effect in kidney functions induced by glycerol.
Materials And Methods: Mice were received i.m. injection 50% glycerol (8ml /Kg b.wt)

30 min, prior to glycerol administration, other
b.wt) over a period of 12 hrs.. Lipid peroxid

enzymatic antioxidant (GSH, CAT, SOD)

group received orally pycnogenol (400mg / Kg
ation products (MDA, PC), non enzymatic and
were estimated, in addtion serum protein, urea,

createnine concentration as well as serum Na, K levels were determinated. It seems that
rhabdomyolysis effect caused by glycerol can be controlled to some extent by pycnogenol

administration.
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Introduction

The precise rﬁechanisms responsible
for rhabdomyolysis are not fully
understood, it is implicated as a major
cause of ARF (Bonventre et al., 1995).The
most common causes of rhabdomyolysis
are prodigious exercise, trauma, and alcohol
abuse (Holt er al., 1999). Glycerol is the

backbone of triglycerols and phospholipids, -

These substances are present in most life
forms, and dietary intake of glycerol comes
mainly from these molecules in animal and
plant products. Thé main effect of glycerol
itself results from its dehydrating activity,
especially oral glycerol (Robergs and
Griffin, 1998). Intramuscular glycerol has

a very toxic effect on muscles and kidney -

resulting in rhabdomyolysis and ARF
(Zager, 1996). He observed that, the
injection with glycerol brought about both a
reduction in membrane fluidity and increase
in lipid peroxidation (LPO) products in
renal cells of rats. One of the key
compounds released is myoglobin, a heme-
containing protein that plays a major role in
development of rhabdomyolysis-induced

acute renal failure (ARF) (Slater and-

Mullins, 1998). Singh ef i, (2004) noted
that, reactive oxygen intermediates has
been demonstrated to play an etiological
role in myoglobinuric acute renal failure,
Taysi et al. (2003) showed that, the process
of LPO is one of oxidative conversion of

poly unsaturated fatty acids to several
products  including Malondjaldhyde
(MDA), protein carbonyl (PC), and lipid
peroxides. Hogg er al. (1994) characterized
the capacity of glycerol to release of free
ferrous (Fe™) iron, resulting in generation
of hydroxyl radicals via the Fenton
reaction, or by redox cycling of ferric
(Fe™) myoglobin to lipid peroxidation,
inducing ferryl ([Fe=0]™) myoglobin,
Also a heme-protein induced nitric oxide
(NO) scavenging may inhibits NO-induced
vasodilatation  resulting ' in  Renal
vasoconstriction (Gorbunov et al., 1995),
Molitoris et al. (1992) reported that, intra-
muscular glycerol induced rhabdomolysis
resulted in mislocalization of ionic pumps,
relocation of sodium-potasium ATPase to
apical membrane, and cell necrosis.
Rodrigo et al. (2002) concluded that, a
single intramuscular injection of 50%
glycerol with a dose of 8 mlkg b.wt
induces oxidative cell damage in male rats,
as demonstrated by an increase in
Thiobarbituric acid reactive substances
(TBARS) and a decrease in GSH after 6 b,
of glycerol injection. Shanley (1996)
suggested that, the reactive species which
are reactive and damaging compounds,
normal byproduct of cellular metabolic
processes, are Kept under control .by
antioxidant enzymes such as Superoxide
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dismutase (SOD) and catalase (CAT).,
Masquelier  (1979) reported - that,

Pycnogenol is a natural product mdde from -

the bark of the European coastal pine, Pinus
‘maritima. Packet et al. (1999) show that,
Pycnogenol can protect against the effects
of early aging, strengthen capillaries, veins,
and arteries; improve circulation and skin
smoothness;  fight inflammation; and
improve joint flexibility, binds to collegen
fibers, which improves the elasticity and
integrity of connective tissues ,» lowering
cholesterol, anti-diabetic agent, reducing
blood pressure, improve fertility in men,
treat Alzheimer’s disease and as a powerful
antioxidant. Pycnogenol is rich in
proanthocyanidins, a special class of water-
soluble highly bioavailable antioxidant
flavonoids, which are excellent free radical
scavengers (Nishioka et al., 2007). Since’
glycerol up regulates renal antioxidant
enzymes and pycnogenol behave as an
antioxidant, this study was designed to
investigate the protective effect of Pycno-
genol on glycerol-induced myoglobinuric
ARF in male mice and to demonstrate the
relationship of oxidative stress to renal
dysfunction.

Materials And Methods

Adult male mice weighing 30-35 g
were divided into four groups as following:
Cortrol .  group, Pycnogenol  (tablet)
administrated group: (400 mg / kg b.wt)
oral administration, Glycerol injected
group: intramuscular injection of 50%
glycerol (8 mlkg b.wt) as a single dose,
pycnogenol  injected  with ghyeerol

administered group : Oral administration
of pycnogenol (400 mg/kg b.wt) as a single
dose followed by intramuscular injection of
50% glycerol (8 ml/kg body wt) as a single
dose after 30 minutes from pycnogenol
administration. Six hours afier glycerol

injection, mice were sacrificed using a

.. .sharp, razor blade. Blood samples were
“collected in' clean centrifuge  tubes

contaning one drop of EDTA as an
anticoagulant, then the tubes were let to
stand for 15 min at 30°C after which the
tubes were centrifuged at 3000 rpm for' 15
min. Blood plasma were carefully
separated. Aliquots of each sample were
labeled and kept at - 20°C for subsequent
analysis. The following parameters were
estimated :- kidney malondialdehyde
(MDA); Ohkawa et gl. (1982), kidney
protein carbonyl (PC); Smith er al, (1991),
kidney Glutathione (GSH) activity; Pring
and Loose (1969), kidney Superoxide
dismutase (SOD) activity; Niskikimi ef al.
(1972), kidney Catalase (CAT) activity;
Bock et al. (1980), plasma total protein;
Henry (1964), plasma electrolytes (Na &
K); Tietz et al. (1992), plasma urea nitrogen
(PUNY); Henry (1974) a, plasma urea; Patton
and Crouch (1977), and plasma creatinine;
Henry (1974) b. The results are expressed

as X+SEM. The sources of variation for
multiple comparisons were assessed by
one-way analysis of variance (ANOVA).
Differences were considered statistically
significant at P<0.05,

Results

Table (1) show the harmful effect of
glycerol on’ MDA and PC as well -as the
depletion of antioxidant GSH, SOD, and
CAT, it seems that pycnogenol can
attenuate these effects, the results obtained
in table (2) showed reduction in plasma
protein, plasma Sodium content in glycerol
treated group in concomitant with increase
in their Potassium, urea nitrogen, urea, and
creatinine, pycnogenol can overcome these
effect significantly. '
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Table(1): Lipid peroxidation product and some oxidative stress markers in control and
different treated groups.

MDA PC GSH SOD CAT
{nM/mg wt (uM/mg wt  |(mg/g wt kidney) (U’g wt kidney) { (uM H,0,/Sec/g
Parameter kidney) kidney) - - wt kidney)
; N X+ SE X+SE -
X+ SE X+ SE - . X+SE
Control 142 +0.8 4102 031+ 0.01 1282413 423 +£0.2
Pycnogenol 140+ 0.8 39+0.13 0.33 £ 0.02 130£1.5 435+ 04
k¥ *% Hok sk
Glycerol 425%*%%¥ £ 0.81 | 8.1*%*+02 |, 0.09%%% +0.02 | 95.02%#% 4 1.5 | 13-01***£0.1
Pycnogenol + _
glycerol 153% 4.4 4.9%* 1+ (.16 0.22%% + 0.01 N7.11%£2.1 37.1¥* +0.2 '
X =Mean value non significant difference at P>0.05
P-value = probability * = significant at P<0.05
S.E. = Standard error ** = significant at P<0.01

¥** = gighificant at P<0.001

Table(2): Plasma protein, some minerals, urea nitrogen, urea, creatinine content and ratio
between plasma urea nitrogen content to plasma creatinine content in control
and different treated groups. '

Plasma total] Plasma Plasma Plas ' a urea Piasma Plasma Ratio between
proteins | Potasium | Sodium n'tl:'lo n urea creatinine plasm_a urea
Parameter content content content -~ | lon t§:t content |- content nitrogen
[ (d) | (mEqL) | (mEqL) | © (mg/dl) (mg/dD) content to
- - - (mg/dl) - - plasma
X+SE | X+SE | XxSE X4SE X+SE X+ SE creatinine
’ ' content
Control | 548037 | 44+0.1 [ 1351202 | 72%0.19 | 15+05 | 051« 0.013 8:1
Pycnogenol | 551+ 0.4 [ 4.45:0.1 |1353£0.25] 7.4+04 [15.6+0.1 0.54 + 0.011 8:1
Tokdkk ) .
Glycerol [2.44%%* + 0.16.0%%% £0.3| 124%%* 10,4 | 37.06%%* + 0.7 2%*% 40,06 36:1
’ ) 04 T
FyonoBondl | 4 e 105|500 20,1 | 130202 [16.4%% 2 12513 2 g oveeioor | 101
+ glycerol 0.8 _
X =Mean value non significant difference at P>0.05
P-value = probability * = significant at P<(.05
S.E. = Standard érror ** = significant at P<0.01

** = significant at P<0.001
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Discussion

Oxidative stress is a term dené‘tiﬁg an

imbalance between the production of"

oxidants and the respective defence system
of an organism. Glycerol is a well known
material for the induction of acute renal
failure in vivo. It' promotes free radicals
formation, Iipid peroxidation and renal
dysfunction, (Zager,1996). The present
results showed that, injection of glycerol to
male mice caused significant increases
(P<0.001) in MDA and PC levels compared
to control or pycnogenol-injected groups,
Similar changes were already observed in
different experimental situations designed
by Salter and Mullins (1998); and Chander
et aj. (2003). Obtainted increase in MDA in
glycerol treated group may be attributed to
endogenous toxic oxygen derivatives, such
as OH, , Fe"™ and RNS, a view which is in
accordance with
Obtained increase in lipid peroxidation in
glycerol treated group may be occur either
by release of free ferrous jron » resulting in
generation of hydroxyl radicals via Fenton
reaction, or by redox cycling of ferric
myoglobin to lipid peroxidation, inducing
ferryl myoglobin , an explanation which
agree with Salter and Mullins (1998),
Administration of pycnogenol 30 min, prior
to glycerol adminstration  led to a
significant decrease-in MDA as well as PC
content relative to that in glycerol treated
group. These results are in agreement with
that obtained by Giovannini ef al. (2001),
who demonstrated  that, pycnogenol
administration significantly decreased LPO
in kidney of rats. Obtained amelioration in

this group may be explained by the ability .

of pycnogenol to scavenge free radicals
and/or inhibit their formation, by direct
scavenging of the intiating  radicals,
especially hydroxyl and superoxide free
radicals and regulate excess nitric oxide by
quenching the NO radical and inhibiting
both NOS mRNA expression and NOS
activity as reported by Packer ef af (1999).
The protective effect of pycnogenol against
LPO and as a factor influencing membrane
fluidity, may also be related to its ability to
scavenge the peroxyl radical (LOO), as
reported by Rodrigo ef al. (2002) a. The
decline oxidative stress caused in acute

Hogg er al. (1994).-

renal failure leading to myoglobinurea by

antioxidant pretreatment may be resulted by
reduced morphological changes in renal
cells as mentioned by Chander ef g/ (2003).
GSH content was significantly diminished
in glycerol treated mice versus control, this
finding is in agreement with those obtained
by Singh et al, (2004). We can suppose
that, the reduction in GSH after glycerol
injection might result from the utilization of
—SH groups to scavenge free radicals
formed as reported by Rahman et a7
(2005). Administration of pycnogenol was
found to improve significantly GSH
content. This improvement may . be
attributed to the ability of pycnogenol to
stimulate the synthesis of GSH and
strengthen the antioxidant mechanism, an
explantation which agree with Dvorakova
et al. (2006). Activities of SOD and CAT
were significant reducded (P<0.001) in
glycerol treated group. These results are in
agreement with those obtained by Pigeolet
et al (1990). This depletion may be
attributed presumably to the vulnerability of
their active centers to free radicals.
Administration of pycnogenol 30 min. prior
to glycerol injection was found to preserve
SOD and CAT activities around the normal
values, a result which is in agreement with
Bayeta et al. (2000) who concluded that,
pycnogenol  can  stimulate  several
antioxidant enzymes such as SOD and
CAT, these amelioration may be due to role
of pycnogenol to stimulate cells to produce
more antioxidative substances as reported
by Yang er al (2008). In the current
experiment, glycerol administration 1o mice
results in decreases of plasma proteins, This
result is in agreement with those obtained
by Packer et af. ( 1999). These changes may
related to the effect of ROS promoted by
glycerol which cause oxidative damage to
proteins.  The most straightforward
explanation for the depletion of plasma
proteins is alteration protein mobility or
predispose  proteins 1o endogenous
degradation by proteolytic systems, as
glycerol administration induce damage in
the skeletal muscles and resulting  in
liberation of all of its componants into
circulation and formating free radicals
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including NO and either superoxide or
hydrogen peroxide which lead to peroxy-
nitrite formation and inturn, peroxynitrite
reaction with proteins which known' to
produce several biochemical modifications
(i.e, amino acid nitrosylation, sulfhydryl
oxidation) as reported by Pryor et dl.
(1995). Membrane fluidity is influenced by
proteins present in membranes Karbownik
et al. (2000). As mentioned by Zager
(1996), glycerol seems to damage
mitochondrial thiol proteins, it is possible
that, the protective effect against the
decreased membrane fluidity due to
glycerol may relate
pycnogenol's prevention of - protein

damage as reported by Packer et al. (1999). .

pre-treatment  of pycnogenol protects
against the damage. and depletion in plasma
protein induced by several oxidative
agents, as it can detoxify OH', H,0,, NO,
ONOQO), singlet oxygen and to some degree
LOO" (Rodrigo and Rivera, 2002). The
present results showed significant changes
in plasma electrolytes contents in glycerol
treated-mice including decrease in plasma
Sodium level and increase in plasma
Potasium level as compared to control or
pycnogenol-pretreated mice. These finding
are in agreement with those obtained by
Zager (1996). These changes may be due to
mislocalization of ionic pumps, relocation

of sodium-potasium ATPase to apical .

membrane, and cell necrosis, a view which
in accordance with Molitoris er al, (1992).
The estimated decrease in plasma Sodium
level may be also due to either plasma
membrane disruption or reduced cellular
energy; ATP production caused by
thabdomyolosis induced by glycerol
administration, decreased in rate of Sodium
absorption (hyponatremia) and increased
Potasium secretion, an explanation which in
accordance with that of Lieberthal et al.
(1998). The increased plasma Potassium
level may be due to plasma membrane
disruption and renal tubular cells damage
induced by .glycerol action which decreases
the activity of Sodium-Potassium ATPase
and result in decline of Sodium-Potassium
pump leading to inability of Potassium

exchange, as reported by Araya ef al,’

(2001). Administration of pycnogenol was
found to preserve plasma electrolytes level
around the normal values, as reported by

partially to-

Packer et al. (1999). This effect may be due
to its ability to prevent Sodium-Potassium
ATPase depletion, and keep normal
exchange of electrolytes preventing the
accumulation of intracellular Calcium and
Sodium and ameliorate the mislocalization
of ionic pumps, an explanation which in
accordance with Rodrigo et al. (2002) b.

 Administration of glycerol significantly

increased plasma urea nitrogen,” plasma
urea and plasma creatinine. These results
run parallel with previous reports of Zager
(1996) and Singh er al. (2004). These
alteration may contributed to the retention
of nitrogenous substances, by glycerol
administeration,  causing  hyperuremia
which result from damaging renal cells
leading to accumulation of nitrogen waste.
Renal cells failure in filtration and
excretion of creatinine in urine may led to
retention and increase plasma creatinine
level, a view which in accordance with
Rodrigo et al. (2002) a. Pretreatment of
pycnogenol may help to protects against
elevation of plasma urea nitrogen, plasma
urea and plasma creatinine caused by
glycerol, these results probably from
several properties of proanthocyanidin
found in pycnogenol especially its potent
antioxidant .capacity which contribute to
enhancement of the renal antioxidant
defence system, since the kidney is a highly
perfused organ as reported by Orellana ef
al.  (2002). Pycnogenol  containing
Proanthocyanidin  significantly improve
kidney function of mice by elimination of
excess fluids and prevent the accumulation
of nitrogenous waste products which result
in attenuation of the elevation in plasma
urea nitrogen, plasma urea and plasma
creatinine and improving the renal
dysfunction caused by glycerol, a result
which in agreement with Avramovic et al.
(1999). Obtained kidney failure defined as
increase the ratio between plasma urea
nittogen content to plasma creatinine

. content (36:1) as mentioned by Feinfeld et

al. (2002). It seems that, pycnogenol have

relatively protect kidney failure where the

ratio between plasma urea nitrogen content
to plasma creatinine content reach only
18:1 , a result which confirm the role of
pycnogenol in this protection, and may be
as a result of normalization of kidney
functions. In conclusion it seems that,
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glycerol induced acute renal failyre may be
aftenuated to some extent by pycnogenol

administration

with  its  antioxidant

properties,
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