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ABSTRACT

Acrolein (ACR) is a, B unsaturated aldehyde that exists extensively in the environment
and (thermally processed) foods. It can also be generated through endogenous
metabolism. The aim of this study was to investigate the possible protective role of
Pentoxifylline (PTX) as a non-selective phosphodiesterase (PDE) inhibitor on toxicity
of ACR. In this study, oxidative damages were measured by markers liver
mitochondrial, such as, glutathione peroxidase (GPx), superoxide dismutase (SOD),
lipid peroxidation (LPO) and total glutathione (GSH) in rats. Effective doses of ACR
(2mg/kg/day) and PTX (50mg/kg/day) and vitamin E (15mg/kg/day) were administered
alone or in combination for 14 days by intraperitoneal injection. At the end of the
experiment, the liver mitochondria of the animals were separated. PTX ameliorated
LPO, SOD and GPx in liver mitochondria of ACR-induced changes. Co-administration
of PTX with ACR improved LPO in liver mitochondria. In conclusion, intracellular
cAMP-elevating agents like PTX, may be considered beneficial for the protection or
recovery of ACR-induced toxic damage in liver mitochondria.
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Introduction

Acrolein (ACR), a highly reactive o, unsaturated
aldehyde, is an environmental and industrial pollutant
and toxin present in automobile exhaust, wood
smoke, and overheated fat-containing foods. ACR
also exists naturally in vegetables, fruits, and herbs "’
and is produced during the processing of fat-
containing foods and meats. Also, ACR is also
produced endogenously by normal cellular
metabolism. ACR can be formed in various tissues
via lipid peroxidation (LPO), metabolism of a-
hydroxyamino acids, polyamines oxidation and via
metabolism of drugs, such as the anticancer drug
cyclophosphamide 7. In addition, ACR is also a
product of lipid peroxidation ' | therefore
continuously generated in biological systems under
oxidative  stress.  Pentoxifylline (PTX), a
methylxanthine derivative and nonspecific type 5
phosphodiesterase (PDE) inhibitor, is a drug widely
used in the management of peripheral arterial disease.
PTX can enhance the chemotactic response of
neutrophils but inhibits phagocytosis and production
of superoxide by neutrophils and monocytes '*!
Recent studies have shown additional therapeutic
potential for PTX as antioxidant, anti-inflammatory,
and immunomodulator """ ', Because PTX has
antioxidative properties, there is a possibility that
PTX would protect against the toxicity of ACR, an
elevated level of PTX in body may act as a
prophylactic against hepatic damage. Thus, the aim
of this study was to determine if PTX have
hepatoprotective effects. This property of PTX could
very well play a critical role in the induction of
hepatic dysfunctions mediated by oxidative damage
to livermitochondria.

Materials and Methods
Reagents and Chemicals

Tetracthoxypropane (MDA), 2-thiobarbituric acid
(TBA), trichloroacetic acid (TCA), n-butanol,
sucrose , ethylenediamine tetraacetic acid (EDTA),
comassie blue, bovine serum album in (BSA),
4,5(dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), GPx and SOD (Ransel kit, Randox
Laboratories Ltd, Crumlin, UK),bioxytech GSH kit
(Oxis Research, USA), were used in this study. All
other chemicals were obtained from the Sigma
Company.

Animals and treatments

Adult male Wistar rats weighing 180-250 g
maintained on a 12-hour light/dark cycle with free
access to tap water and standard laboratory chow
were used. Animals were randomly divided into six
groups of five animals and treated for 2 weeks
intraperitoneally (IP). The groups were as follows:
control group, ACR group, PTX group, PTX & ACR
group, alpha-tocopherol acetate (AT) group, and
ACR & AT group.

ACR was administered (2mg/kg/day, IP) alone or in
combination with PTX (50mg/kg /day, IP), and AT
as (15 mg/kg/day). One group of animals received
only normal saline and was assigned as control. At
the end of the treatment, 24 hours past the end of
treatment, animals were killed, liver tissue was
separated and stored in liquid nitrogen, and then their
mitochondria were isolated quickly and kept frozen at
-80 C.

Experimental Protocols
Preparation of liver mitochondria

The liver was removed and minced with small
scissors in a cold manitol solution containing 0.225
M D-manitol, 75 mM sucrose, and 0.2 mM
ethylenediaminetetraacetic acid (EDTA). The minced
liver (30 g) was gently homogenized in a glass
homogenizer with a Teflon pestle and then
centrifuged at 700 X g for 10 min at 4°C .The
supernatants were centrifuged at 7,000 x g for 20
min. These second supernatants were pooled as the
crude microsomal fraction and the pale loose upper
layer, which was rich in swollen or broken
mitochondria, lysosomes, and some microsomes, of
sediments were washed away.

The dark packed lower layer (heavy mitochondrial
fraction) was resuspended in the manitol solution and
recentrifuged twice at 7,000xg for 20 min. The heavy
mitochondrial sediments were suspended in Tris
solution containing 0.05 M Tris-HCI buffer (pH 7.4),
0.25 M sucrose, 20 mM KCI, 2.0 mM MgCI’, and 1.0
mM Na2HPO4 at 4-C before assay ['* ',

Measurement of Cu/Zn- SOD activity

The activity of Cu/Zn- SOD was measured using a
commercial kit (Ransod kit, Randox Laboratories
Ltd, Crumlin, UK). Measurement of the enzyme was
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based on the generation of superoxide radicals
produced by xanthine and xanthine oxidase and
reacted with 2-(4-iodophenyl)-3-(4-nitrofenol) 5-
phenyltetrazolium chloride (INT) to form a red
formazan dye. The formazan was read at 505 nm.
One unit of Cu/Zn- SOD was defined as the amount
of enzyme necessary to produce 50% inhibition in the
INT reduction rate.

Measurement of GPx activity

The amount of GPx was determined using a
commercially available kit (Ransel kit, Randox
Laboratories Ltd, Crumlin, UK) by measuring the
rate of oxidation of NADPH at 340 nm. A unit of
enzyme was expressed as the amount of enzyme
needed to oxidize 1 nmol of NADPH oxidase/minute.

Measurement of total GSH

Level of total glutathione (GSH) was measured using
colorimetric assay kit. The kit uses 5, 50-dithiobis-2-
nitrobenzoic acid (DTNB) and glutathione reductase.
The procedure was carried out according to
manufacturer’s instruction and the levels were
quantitated as micromolar GSH based on standard
supplied along with the kit.

Measurement of the lipid peroxidation (LPO)

The lipid peroxidation (LPO) product in tissues was
determined by TBA reagent, expressed as the extent
of malondialdehyde (MDA) productions during an
acid heating reaction. Briefly, the diluted samples by
1.5 ml TCA (20% w/v) were added to 250 pl of
these samples and centrifuged in 3000 g for 10 min.
Then, the precipitation was dissolved in sulfuric acid
and 1.5 ml of the mixture was added to 1.5 ml of
TBA (0.2% w/v). The mixture was then incubated for
1 h in a boiling water bath. Following incubation, 2
m | of n-butanol was added, the solution centrifuged,
cooled and the absorption of the supernatant was
recorded in 532 nm. The calibration curve of
tetraethoxypropane standard solutions was used to
determine the concentrations of TBA+MDA adducts
in samples ',

Total Protein

The protein content was quantified by the method of
Bradford. Concentrated Coomassie blue (G250) was
diluted in 250 pl distilled water, and then 750 pl of
this diluted dye was added to 50 pl of sample. The
mixture was incubated at room temperature for 10
min and an absorbance measurement was taken at
595 nm by a spectrophotometer. A standard curve
was constructed by using bovine serum albumin
ranging between 0.25 and 1 mg/ml %,

Measurement of mitochondrial viability

This assay is a quantitative colorimetric method to
determine cell viability. It utilizes the yellow
tetrazolium salt (MTT), which is metabolized by
mitochondrial dehydrogenase enzyme from viable
cells to yield a purple formazan reaction product that
was determined spectrophotometrically at
wavelength of 570 nm. The percentage of
mitochondrial viability of each test sample was
calculated "7,

Statistical analysis

Mean and standard error values were determined for
all the parameters and the results were expressed as
Mean + SEM. All data were analyzed with SPSS
Version 18 employing one-way ANOVA followed by
Tukey post hoc test. Differences between groups was
considered significant when P < 0.05.

Results
Lipid peroxidation (LPO)

In liver mitochondria: ACR caused a significant
increase in LPO when compared to control (p =003).
PTX caused a significant decrease in LPO when
compared to ACR group (p =027). AT reduced LPO
when compared to ACR (p =001). Coadministration
of AT with ACR significantly reduced ACR induced
LPO (p =035); Figure 1.

Copyright © 2014 by Kermanshah University of Medical Sciences

JRPS, 2014, 3(1), 19-27| 21



Karimi et al.

0.5 7
0.45 +
0.4 1

0.35 o

0.25 o
0.15
0.1 4
0.05

D .

Cont rol ACR PTX ACR+PT)( ACR+AT

o
w
|

mitochondria)
o

LPO (nmol/mg protein in liver

Fig. 1. Lipid peroxidation (LPO) in liver mitochondria of rats. *Significantly different from control group at p < .05.
"Significantly different from ACR group at p <.05. ACR, acrolein; PTX, Pentoxifyllin; AT, (alpha-tocopherol; vitamin E).

Superoxide dismutase of ACR with AT significantly reduced ACR induced

In liver mitochondria: AT reduced SOD activity SOD activity (p =008); Figure 2.

when compared to ACR (p =003). Coadministration

0.5 4
0.45 +

0.4 4

25 A
0.2 4
0.15 ~
0.1 4
0.05 4

Control PTX ACR+PT)( AT ACR+AT

o

w

wn
1

LPO (nmol/mg protein in liver
mitochondria)

o
|

Fig. 2. Superoxide dismutase (SOD) activity in liver mitochondria of rats. **Significantly different from control group at p <
.05. "Significantly different from ACR group at p <.05. ACR, acrolein; PTX, Pentoxifyllin; AT,(alpha-tocopherol; vitamin E).
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Glutathione peroxidase

In liver mitochondria: AT reduced GPx activity when
compared to ACR group (p =006); Figure 3.

Total glutathione

In liver mitochondria: Treatment with ACR
decreased GSH as compared to control (p =085).PTX
increased GSH as compared to ACR group (p =010).

60 -

mitochondria)
& &

GPx (U/mg protein in Liver

AT induced GSH when compared to ACR group (p
=001); Figure 4.
Mitochondria viability

In liver mitochondria: Administration of ACR
decreased viability of cells in comparison to PTX and
AT group respectively (p =001); Figure 5.
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Fig. 3. Glutathione peroxidase (GPx) activity in liver mitochondria of rats. **Significantly different from control group at p <
.05. "Significantly different from ACR group at p < .05. ACR, acrolein; PTX, Pentoxifyllin; AT,(alpha-tocopherol; vitamin E).
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Fig. 4. Total glutathione (GSH) in liver mitochondria of rats. *Significantly different from control group at p < .05.
" Sjgnificantly different from ACR group at p <.05. ACR, acrolein; PTX, Pentoxifyllin; AT,(alpha-tocopherol; vitamin E).
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Fig. 5. Effects of PTX and ACR on mitochondrial viability (percent of control) in rat liver. "Significantly different from ACR
group at p <.05. ACR, acrolein; PTX, Pentoxifyllin; AT, (alpha-tocopherol; vitamin E).

Discussion

In fact, in the present study, our attentions were to
address a novel link between the protective roles of
PTX towards oxidative stress caused by ACR in liver
mitochondria. Collectively, the main findings of the
present study demonstrated an impairment of the
enzymatic antioxidant defenses, mitochondrial
toxicity and induction of oxidative stress by ACR
that were restored by PTX as a potent selective PDE-
5 inhibitor.

In the biological system, ACR exists naturally in
foods and is formed during the combustion of organic
materials. Thus, ACR is found in all types of smoke
(including cigarette smoke) in the exhaust from
internal combustion engines and in the vapors of over
heated cooking oil where severe human toxic
exposures have occurred '*.. In addition, both in vitro
and in vivo studies showed that ACR toxicity is
mediated by increased oxidants and oxidative
damage !"”), suggesting that ACR, acts not only as a
direct oxidant, but also as a generator of oxidants .

GSH is a critical endogenous antioxidant involved in
cell defense " **!. The conjugation of ACR to GSH
is regarded as a major pathway for the detoxification
of ACR P!, ACR may lead to the depletion of cellular
GSH in a concentration dependent manner, which
may cause harmful effects to human beings. It is
documented that once the GSH level has reached a
certain threshold, protein thiol groups could be
progressively modified while a series of molecular

effects may emerge such as cell proliferation,
apoptosis and changes in gene/protein expression
. Our results showed that ACR reduced GSH
concentration in liver mitochondria. But it was
significantly improved with PTX in both samples.
Toxicity of ACR on respiratory system, kidney and in
cell cultures has been widely reported that ACR
effects are due to GST catalyzed GSH depletion *°.
Once target cells are depleted of a threshold cytosolic
GSH level, ACR can directly react with other
nucleophilic groups including proteins and alter their
function 2,

ACR has been identified as both a product and
initiator of lipid peroxidation, therefore continuously
generated in biological systems under oxidative stress
(56271 1 PO of the membranous system initiates and
propagates endogenous toxicants that can readily
react with adjacent molecules like membrane proteins
or diffuse to more distant molecules like DNA
rendering adduct formation. In the present study,
ACR treatment caused significant increase in LPO in
liver mitochondrial cell.

Both SOD and GPx are recognized scavengers of
ROS . Antioxidant enzymes work in a
corresponding way to prevent the oxidative stress **1.
This result indicated increased activities of SOD and
GPx in ACR group compared with control. PTX is a
xanthine derivative which has inhibitory effects on
xanthine oxidase P%. Xanthine oxidase is considered
as a candidate for oxygen free radical formation in
cells B PTX down regulates production of tumor
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necrosis factor-alpha (TNF-a). This cytokine
provokes a rise in hydrogen peroxide production
from mitochondria %

Regarding the positive effects of PTX in the present
study, there are supports demonstrating that
intracellular  cyclic adenosine monophosphate
(cAMP) and cyclic guanosine monophosphate
(cGMP) are able to ameliorate cellular oxidative
stress % ¥, There are additional evidences indicating
the benefit of PTX in reduction of oxidative stress in
diseases like diabetes > and colitis *°]. Results of
the present study reveal that PTX normalizes
oxidant/antioxidant balance in liver mitochondria and
is able to recover ACR-induced changes.
Mitochondrial dysfunction may be a key mechanism
for ACR toxicity. Mitochondria are the main
generation sites of oxidants and are the targets of

Acrolein
(CH3IO)

oxidants because they are particularly sensitive to
oxidative insults 7). ACR is a cytotoxic and
genotoxic  environmental  pollutant . The
mechanisms of the toxicity have been suggested to be
linked to mitochondrial dysfunction and tested in
mitochondria isolated from rat brain ®* *' and heart
] In agreement, there are evidences that cyclic
nucleotides have potential to prevent free radical-
induced LPO in different cells and animal models *'’.
In this study ACR induced a significant decrease in
the mitochondrial function because of its toxicity is
showed on decreasing viable mitochondria. The
above-mentioned points let us to conclude that
beneficial affects of PTX in our previous study %
and present results from inhibition of ACR-induced
oxidative injuries (Fig 6).
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Fig. 6. Schematic showing oxidative-mediated ACR generated via free radicals and oxidative intermediates. PTX can be

reduced oxidative injury.
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In conclusion, our results demonstrated that PTX
protected oxidative damage and mitochondrial
dysfunction by ACR. The effects on reducing
oxidative damage and improving mitochondrial
function suggest that PTX is a powerful
mitochondrial nutrient like AT. The dietary
administration of antioxidant materials may be an
effective strategy for reducing and/or preventing
cigarette smoke-induced many disorders. PTX
reduced oxidative biomarkers and mitochondrial
toxicity. Therefore, we conclude that PTX,
administered  alone  or  combination  have
hepatoprotective effects on ACR intoxication,
through different physiological pathways in liver.

Conclusions

These results demonstrated that PTX protected
oxidative damage and mitochondrial dysfunction by
ACR. The effects on reducing oxidative damage and
improving mitochondrial function suggest that PTX
is a powerful mitochondrial nutrient like AT. The
dietary administration of antioxidant materials may
be an effective strategy for reducing and/or
preventing cigarette smoke-induced many disorders.
PTX reduced oxidative biomarkers and mitochondrial
toxicity. Therefore, we conclude that PTX, administ-
ered alone or combination have hepatoprotective
effects on ACR intoxication, through different
physiological pathways in liver.
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