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Abstract— Acute respiratory distress syndrome (ARDS) is a fatal disease that includes
inflammation formed by septic and non-septic causes. Reactive oxygen radicals (ROS) play a
key role in ARDS pathophysiology and constitute the base of damage process. Antioxidant
vitamins are used for inhibiting hazardous effects of radicals. Therefore, effects of antioxidant
vitamins such as o-lipoic acid (ALA), vitamin E (VITE), and C (VITC) were investigated on
oleic acid (OA)-induced ARDS rat model. Furthermore, high and low dose of methylpred-
nisolone (HDMP, LDMP) was used for comparing effects of the vitamins. In this study, 42
male rats were divided to seven groups named control, OA, ALA, VITE, VITC, LDMP, and
HDMP. OA was intravenously administered to all groups except control group and other
compounds were orally administered (ALA, VITE, and VITC: 100 mg/kg, LDMP: 5 mg/kg,
HDMP: 50 mg/kg) after OA injections. OA increased MDA level in lung tissue and TNF-«
and IL-1f3 cytokine levels in serum. ALA, VITE, VITC, and both dose of MP significantly
decreased the cytokine levels. Although OA reduced SOD, CAT, and GSH levels in lung
tissue, the vitamins and LDMP markedly enhanced the levels except for HDMP. Furthermore,
OA showed thickening in bronchi and alveolar septum, hyperemia in vessels, and inflam-
matory cell infiltrations in lung tissue histopathological examinations. Antioxidant vitamins
may be useful for premedication of ARDS and similar disorders. However, methylprednis-
olone was not found sufficient for being a therapeutic agent for ARDS.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a fatal
inflammation process described as acute diffuse lung in-
flammation and commonly generated by sepsis, trauma,
pneumonia, burns, multi-organ transplantation, cardiopul-
monary operations, and pancreatitis [12]. This fatal inflam-
mation process leads to degradation of pulmonary vascular
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permeability and lung damages such as edema, hyaline
membrane, and hemorrhage [16]. Patients with ARDS
need critical treatments such as intensive care, mechanic
ventilator, drugs, and long-period patient follow-up [19].
The inflammation process in ARDS is activated after re-
leasing of inflammatory mediators from pulmonary endo-
thelium, macrophage, and neutrophil cells. Microvascular
barriers of lung alveolar tissue are disrupted and inflam-
mation cells accumulate in lung tissue from vessels. The
hyaline membrane occurs after inflammation cell accumu-
lation and makes difficult oxygen transfer from alveolar
tissue to vessels [23].

Reactive oxygen species (ROS) are mostly formed by
stress conditions in inflammation, diseases, unsuitable heat
conditions, long-term exercises, efc. The imbalance of
oxygen transfer causes ROS burst in lung tissue. Moreover,
formation and accumulation of ROS are enhanced by
inflammation process that leads to oxidative stress in tis-
sues. ROS mainly prefer to attack lipids. Unsaturated kinds
have priority among all lipids and cell membranes are
abundant in unsaturated lipids. The cell membrane damage
causes disruption of lung tissue integrity [18]. Therefore,
the ROS constitute the basis of the tissue damage.

Vitamins are commonly used by cells as a component
of the structure, the activator of metabolic reactions, coen-
zyme, and defense against the ROS. Since the beginning to
be understood antioxidant defense system, the effects of
the vitamins on ROS have been deeply investigated. Espe-
cially vitamin C and E have been performed on the oxida-
tive stress and the findings showed that these vitamins have
some specific protective effects such as scavenging the
radicals [2], activating antioxidant enzymes (superoxide
dismutase, catalase etc.) [11], regenerating the antioxidant
structures (glutathione) [7], and breaking the oxidative
reaction chains of lipids [28].

The vitamins have been tried as a treatment on many
disease models in laboratory animals [27]. In present study,
the effects of antioxidant vitamins such as o-lipoic acid
(ALA), vitamin C (VITC), and E (VITE) were examined
on oleic acid-induced acute lung injury in rats and com-
pared with methylprednisolone (MP).

MATERIAL AND METHODS

Ethical approval for this study was obtained from
Ataturk University Animal Experiments Local Ethics
Committee (Reg. No: 36643897-147, Session/Decision
number: 2/38). The ad libitum water and standard rat feed
(Bayramoglu Animal Feed Inc., Turkey) (Table 1) were
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given rats kept in normal conditions (12/24 h light cycle,
24 °C room temperature, and 40-60% humidity). The
experimental animal ARDS model was performed by oleic
acid (OA) and designed with 120-day-old 42 “Sprague
dawley” male rats weighed between 240 and 260 g. Rats
divided to seven groups named as control (healthy, n = 6),
OA (oleic acid, n=06), ALA («-lipoic acid, n=6), VITC
(vitamin C, n=6), VITE (vitamin E, n = 6), LDMP (low-
dose methyl prednisolone, n=6), and HDMP (high-dose
methyl prednisolone, n=6). The x-lipoic acid (Solgar®,
USA), vitamin C, and E (Sigma-Aldrich, USA) were in
crystalline form and solved in distilled water. Methylpred-
nisolone (Prednol®, Mustafa Nevzat, Turkey) was in pow-
der form and solved in saline solution. Respectively,
100 mg/kg o-lipoic acid, 100 mg/kg ascorbic acid, and
100 mg/kg «-tocopherol were administered to the groups
one time orally by using a rat gavage probe and 5 mg/kg
and 50 mg/kg methylprednisolone were intraperitoneally
administered to LDMP and HDMP groups one time by
using insulin injectors. The 50 uL. OA solved in 250-pL
1% BSA intravenously administered to all groups except
the healthy group immediately after administrations of
treatments. The rats were euthanized by cervical disloca-
tion. The lung tissues and blood samples were obtained and
used for biochemical and histopathological investigations.

Biochemical Analysis

All chemicals were provided from Sigma-Aldrich
Inc., USA, and all solutions were freshly prepared in
experiment day.

Determining of Lipid Peroxidation Levels

Lipid peroxidation (LPO) levels of tissues were mea-
sured by determining malondialdehyde (MDA) via the
thiobarbituric acid reaction [29]. The tissues were weighed
(Denver Instrument, USA) as 100 mg and homogenized
(Qiagen Tissuelyser LT, USA) in 10 mL of 10% KCI
solution. Measurement solution contains 1.5 mL of 8 g/L.
2-thiobarbiturate, 0.2 mL of 80 g/L sodium lauryl sulfate,
1.5 mL of 200 g/L acetic acid, and 0.3 mL of distilled water
in sterile tubes. Then, 0.5 mL of homogenate added mix-
tures was incubated at 98 °C for 1 h. Five milliliters of n-
butanol/pyridine (15:1) was added after incubation. The
mixture tubes were shaken for 60 s and centrifuged for half
an hour at 4000 rpm. The supernatants were collected and
measured at 532 nm in a spectrophotometer. The LPO
standard graphic was prepared by using 1,1,3,3-tetrame-
thoxypropane. The results were calculated according to
standard graphic and expressed as nmol MDA/g tissue.
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Table 1. Feed Composition of Rat Diets

Composition of rat diets

Protein

Carbohydrates

Fat (includes essential fatty acids)

Others (water, vitamins, minerals, and cinders)

Calories

Vitamin and mineral composition of rat feed

Vitamin A 18.000 IU/kg
Vitamin D3 2.400 IU/kg
Vitamin K3 6 mg/kg
Vitamin B1 3.6 mg/kg
Vitamin B2 9 mg/kg
Vitamin B6 6 mg/kg
Vitamin B12 0.024 mg/kg
Niacin 30 mg/kg
Calcium-D-Panthenol 12 mg/kg
Folic acid 1.2 mg/kg

27%

53%

3%

17%

3.6 keal/g
D-Biotin 0.06 mg/kg
Choline chloride 480 mg/kg
Manganese 96 mg/kg
Iron 48 mg/kg
Zinc 72 mg/kg
Cupper 6 mg/kg
Iodine 2.4 mg/kg
Cobalt 0.6 mg/kg
Selenium 0.18 mg/kg

Determining of Superoxide Dismutase Enzyme Activity

The enzyme activity was measured by determining
formazan reaction [34]. The assay method bases on various
reactions that generate formazan from nitro blue tetrazoli-
um (NBT) by producing the superoxide radicals during
xanthine oxidase activity. The lung tissues were homoge-
nized in 0.2 mM Tris-HCl solution (pH 7.4) and added on
measurement solution that were containing 150 pM NBT,
0.6 mM EDTA, 0.3 mM xanthine, 0.4 M Na,COs, 1 g/L
BSA. Xanthine oxidase (167 U/L) enzyme solution was
prepared in cold 2 M (NH,4),SO,, then added on samples.
The 0.8 mM CuCl, was used for stopping the reaction after
20 min from addition of enzyme solution. SOD activity
was expressed as mmol/min/mg tissue after measuring at
560 nm.

Determining of Catalase Enzyme Activity

Catalase (CAT) catalyzes a reaction that is decompo-
sition of H,O, that measured at 240 nm [1]. The tissues
homogenized in 50 mM KH,PO, buffer (pH 7) and 30 mM
H,0, were prepared for measurement. The CAT activity
was expressed as mmol/min/mg tissue and defined as the
amount of enzyme required to decompose 1 mmol of
hydrogen peroxide per minute at pH 7 and 25 °C.

Determining of Total Glutathione Levels

Glutathione (GSH) levels of lung tissues were deter-
mined according to the method described by Sedlak and
Lindsay (1968) [32]. The tissues were homogenized in

50 mM Tris buffer (pH 7.4) that contains 20 mM EDTA.
Homogenates were centrifuged at 3000g for 40 min at
4 °C. The supernatant was collected and added in a mea-
surement solution (pH 8.2) that is containing 10 mM 5,5'-
dithiobis (2-nitrobenzoic acid) (DTNB), 200 mM Tris, and
0.2 mM EDTA. GSH levels of the tissues were determined
at 412 nm and expressed as nmol/mg tissue.

Determining of Serum Tumor Necrosis Factor Alpha
and Interleukin 1 Beta Levels

Blood was collected into a serum tube that contains
polymer gel (BD RST™, USA) and centrifuged for 7 min
at 3500 rpm. Serum was taken into a 2-mL Eppendorftube.
TNF-a (Invitrogen Novex® TNF-« Elisa Kit Cat. No:
KRC3011, USA) and IL-13 (Invitrogen Novex® IL-1f3
Elisa Kit Cat. No: KRCO0011, USA) were estimated by
using sandwich ELISA kits. Cytokines were measured in
accordance with the procedures of kits. The values were
calculated from a generated graph by using presented
standards in kits.

Histopathological Examination

Samples were fixed for histopathological evaluations
by stored for 24 h in a 10% buffered formalin solution.
After the routine histopathology process (Tissue System,
Shandon Citadel 2000,USA), lung tissues were poured into
paraffin for blocking. Microtome sections were prepared as
5 um by using rotary microtome (Leica RM 2255). All
sections were stained with Hematoxylin-Eosin (H&E) and
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examined under the light microscopy (Olympus BX51
with DP72 camera attachment). Semi-quantitative scoring
under light microscope was used in consideration of the
following criteria: thickening in the interalveolar septum,
peribronchial cell infiltration, and hyperemia in vessels.
Each parameter was scored as “—” (none), “+” (slight),
“++” (moderate), and “+++” (severe) points (Table 2).

Statistical Analyses

The IBM SPSS 20 software program was used to
perform the statistical analyses. All values were shown as
the mean + standard error mean (SEM). Significant differ-
ences were determined after the data were analyzed by
Duncan’s multiple range test.

RESULTS

Biochemical Analyses

LPO and GSH levels as well as SOD and CAT activ-
ities in lung tissue are summarized in Fig. 1. The LPO level
in OA group significantly increased compared with control
group (P <0.05) (Fig. 1a). Otherwise, ALA, VITE, VITC,
LDMP, and HDMP markedly decreased the LPO levels
compared with OA group (P < 0.05). There was no signif-
icant statistical difference between control and ALA group
(P>0.05). The SOD activity in OA group markedly de-
creased compared with control group (P < 0.05) (Fig. 1b).
ALA, VITE, VITC, and LDMP significantly increased
SOD activity compared with OA group (P <0.05). How-
ever, there was no significant statistical difference between
HDMP and OA groups (P> 0.05). Total GSH level in OA
group significantly decreased compared with control group
(P<0.05) (Fig. 1c). ALA, VITE, and VITC significantly
elevated GSH level compared with OA group (P < 0.05).
On the other hand, GSH level in LDMP group was
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measured low than OA group (P <0.05) and there was
no significant statistical difference between HDMP and
OA groups (P> 0.05). The CAT activity in OA group
markedly decreased compared with control group
(P<0.05) (Fig. 1d). ALA, VITE, and VITC elevated
CAT activity compared with OA group (P < 0.05). Besides,
there were no significant statistical differences in CAT
activities of LDMP and HDMP groups compared with
OA group (P> 0.05).

Serum TNF-« and IL-13 levels are shown in Fig. 2.
The serum TNF-x level in OA group significantly in-
creased compared with control group (P <0.05) (Fig. 2a).
There were no significant statistical differences between
ALA, VITE, VITC, and HDMP groups (P> 0.05). The
serum IL-1f3 level in OA group markedly increased com-
pared with control group (P<0.05) and ALA, VITE,
VITC, LDMP, and HDMP decreased significantly the level
(P<0.05) (Fig. 2b). There were no significant statistical
differences between ALA, VITE, VITC, LDMP, and
HDMP groups (P> 0.05).

Histopathological Examination

The normal structure was observed in control group
lung tissues (Fig. 3a, Table 2). Severe thickening in the
interalveolar septum, peribronchial cell infiltration, hyper-
emia in vessels were watched in OA group lung tissues
(Fig. 3b, c, Table 2). In ALA group, lung tissues showed
slight proliferation in interstitial areas and moderate hyper-
emia in vessels (Fig. 3d, Table 2). In VITE groups, lung
tissue examination, moderate peribronchial mononuclear
cell infiltration, moderate thickening in interalveolar, and
interlobular septum were observed (Fig. 3e, Table 2).
Slight proliferation in interalveolar septum, slight peribron-
chial mononuclear cell infiltration, and moderate hyper-
emia in vessels were shown in VITC group (Fig. 3f,
Table 2). Moderate mononuclear cell infiltration in

Table 2. The histopathologic findings of lung tissues

Thickening in the interalveolar septum

Peribronchial cell infiltration Hyperemia in vessels

Control —
OA +++
ALA +
VITE ++
VITC +
LDMP ++
HDMP +++

++ +H+
+ ++
++ +H+
+ +
++ ++
++ 4

The histopathological scores of lung tissues were defined as none (), slight (+), moderate (++), and severe (+++)



The Protection Potential of Antioxidant Vitamins

a LPO Levels of Lung Tissues
25.00 2
1
o 20.00
3
2
w0 15.00
~
<
a b b
2 10.00 =
g c c =
d

< 5.00 d -

0.00

Control OA ALA VITE VITC LDMP HDMP
C GSH Levels of Lung Tissues
1.600
a

1.400 I
o b
2 1.200 - b c
2 ¢
& 1.000 d d
= = I
2 0.800
o

0.600 e

=
0.400
Control  OA ALA VITE VITC LDMP HDMP

1589

b SOD Activities of Lung Tissues

0.900

0 0750 2 ab

§ 1 b

£ 0.600 | be 2

2 I

= 0450 l c

£ I

< 0.300

£ d

€ 0.150 I d

I
0.000
Control OA ALA VITE VITC LDMP HDMP

o

CAT Activities of Lung Tissues

0.120
a,b

o©
o
o
o
—

0.080 T 2
0.060 1

0.040 1 -

umol/min/mg tissue

o©
o
N
o

0.000
Control  OA ALA VITE VITC LDMP HDMP

Fig. 1. Antioxidant status of lung tissues. a OA significantly increased MDA level in lung tissue compared with control group (P < 0.05), and all treatments
markedly decreased MDA level compared with OA group (P < 0.05). b OA significantly decreased SOD activity in lung tissue compared with control group
(P<0.05). ALA, VITE, VITC, and LDMP increased SOD activity compared with OA group (P < 0.05). ¢ OA markedly decreased GSH level in lung tissue
compared with control group (P <0.05). ALA, VITE, and VITC increased GSH level compared with OA group (P < 0.05). LDMP and HDMP had not any
significant effect on GSH level (P > 0.05). d OA significantly decreased CAT activity in lung tissue (P < 0.05). ALA, VITE, and VITC increased CAT activity
compared with OA group (P < 0.05). LDMP and HDMP had not any significant effect on CAT activity (P> 0.05). Different letters (a,b,c,d) indicate statistical
differences between groups according to Duncan’s multiple range test (P < 0.05) in each graphics. There is no statistically significant difference between the

groups which have same letters (P> 0.05).

interstitial areas and moderate thickening in interalveolar
areas were detected in LDMP group (Fig. 3g, Table 2).
However, severe thickening in interalveolar areas, severe
hyperemia in vessels, and severe mononuclear cell infiltra-
tion in interstitial and peribronchiolar areas were observed
in HDMP group (Fig. 3h, Table 2).

DISCUSSION

Acute respiratory distress syndrome (ARDS), charac-
terized by hypoxemia, pulmonary edema, diffuse endothe-
lial damage, interstitial hemorrhage, and a strong lung
inflammation, is a serious and fatal syndrome for human
health. The basis of pathological changes ground on

damaged pulmonary permeability barrier by edema, infil-
tration of inflammatory cells, exudation, and necrosis.
Thus, insufficient ventilation-perfusion in lung expedi-
tiously occurs in ARDS cases [16]. Although ARDS is
thought as a pulmonary issue, it is described as a systemic
inflammatory disease. ARDS also directly relates with
other organ systems. Previous studies reported that inflam-
matory cytokines such as IL-1(3, TNF-«, IL-6, and IL-
8 elevated in bronchoalveolar lavage fluid and blood plas-
ma in ARDS events [24]. The inflammatory process in
ARDS, characterized by releasing a cascade of variety
mediators by immune-mediated cell, causes a redox imbal-
ance that generates oxidative stress [30]. Lung alveolus is
under attack by ROS and nitrogen species (RNS) in oxi-
dative stress provided by air pollutions, inflammation,
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Fig. 2. TNF-oc and IL-1f3 levels of serum. a OA significantly increased TNF-« level in serum compared with control group (P <0.05). All treatments
markedly decreased TNF-« level in serum compared with OA group (P < 0.05). b OA significantly elevated IL-1[3 level in serum compared with control
group (P <0.05). All treatments markedly decreased IL-1{3 level in serum compared with OA group (P < 0.05). Different letters (a,b,c,d) indicate statistical
differences between groups according to Duncan’s multiple range test (P < 0.05) in each graphics. There is no statistically significant difference between the

groups which have the same letters (P> 0.05).

infection, and cancer. The antioxidant system of lung epi-
thelial consists of several antioxidant molecules such as
GSH, a-tocopherol (vitamin E), ascorbic acid (vitamin C),
retinol (vitamin A), and some antioxidant enzymes such as
SOD, CAT, glutathione peroxidase (GPx), and reductase
(GR). In normal condition, the antioxidant system of lung
protects its cells from oxidative agents which are ROS and
RNS via complex and coordinated interactions of the sys-
tem [31]. Besides, recent studies demonstrated that ROS
play an important role in mechanism of diseases [8, 17].
Therefore, antioxidant vitamins such as ALA, VITE, and
VITC are commonly used as a shield against ROS damage
in most diseases. Hence, it was planned to reveal the effects
of some antioxidant vitamins and methylprednisolone on
acute respiratory distress syndrome rat model in present
study.

Oleic acid-induced acute lung injury model is com-
monly used as an animal model of ARDS. Intravenously
injected OA mimics pathology of ARDS and similar symp-
toms expeditiously occur. OA generates pulmonary vascu-
lar endothelial cell damage and causes alveo-capillary
membrane degeneration, increased capillary membrane
permeability and interstitial liquid, adhesion molecules
production, polymorph nuclear leucocyte infiltration, acti-
vation of oxidation enzymes, cytokines releasing and in-
creased reactive oxygen species (ROS) production [3, 6].
Moreover, increased ROS production usually accords to
neutrophil activation. The activated neutrophils increase
production of superoxide and hydroxyl radicals in the
tissue damage process. Meanwhile, during tissue damage
process, nitric oxide is released by injured cells and

activates ROS production by some reactions caused in
peroxynitrite production [13]. Furthermore, previous stud-
ies reported that OA infusion particularly impaired the lung
epithelium and endothelium, so it caused disrupted gas
exchange by leaking the plasma proteins and fluid into
the alveoli [14]. Likewise, in the present study, hemorrhag-
ic areas and edema were determined around pulmonary
vessels in lung tissue of OA group.

The ROS attack to unsaturated lipids of the cell mem-
brane and generate malondialdehyde (MDA) that causes
alteration in membrane structure, permeability and rigidity.
The alterations in membrane are responsible for the death
of cells. The tissue damage or degree of necrosis is gener-
ally observed as being parallel to MDA level of tissue.
Therefore, determination of MDA level is appropriate and
reliable method for showing tissue damage degree. In the
present study, MDA level was found significantly in-
creased by intravenously administered OA. Liu et al.
reported that after OA injection, the level of ROS in lung
tissues expeditiously increased and reached peak level in
30 min [22]. Likewise, Hshing et al. reported that serum
MDA level was significantly increased by OA infusion
within 30 min [10]. Yang et al. showed that infusion of
increasing doses of OA markedly increased the MDA level
of bronchoalveolar lavage fluid (BALF) in guinea pigs
[39].

Lipoic acid is an organosulfur compound derived
from octanoic acid. ALA is a strong antioxidant vitamin
against to ROS and has two disulfide bonds that provide
the antioxidant effects of the molecule. ALA assists to
GSH regeneration by being as a source of sulfur for GSH
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Fig. 3. Histopathological examinations of lung tissue. a Control group, normal histologic view, H&E, 20 um. b, ¢ OA group, severe thickening in intera-
Iveolar septum (arrows), peribronchial cell infiltration, hyperemia in vessels. d ALA group, slight proliferation in interstitial areas (arrows), and mononuclear
cell infiltration (arrow head). e VITE group, moderate thickening in interalveolar and interlobular septum (arrows), peribronchial mononuclear cell infiltration
(arrow head). £ VITC group, mild proliferation in interalveolar septum (arrows), hyperemia in vessels (stars). g LDMP group, moderate thickening in
interalveoler areas (arrows), mononuclear cell infiltration in interstitial and peribronchial areas, hyperemia in vessels (stars). h HDMP group, severe
thickening in interalveolar areas (arrow heads), mononuclear cell infiltration in interstitial and peribronchiolar areas (arrows), hyperemia in vessels (stars),
H&E. 50 um.
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structure that comprises one disulfide bond [5]. ALA sig-
nificantly decreased MDA level of lung tissue and there
was no statistically significant difference between ALA
and control groups. A previous study, which showed ben-
eficial effects of ALA on OA induced lung injury, reported
that serum MDA levels were decreased by ALA which is
given before OA infusion [6].

Vitamin E (VITE) is oil-soluble compound and clas-
sified in tocopherols and tocotrienols. Also, it is known as a
strong antioxidant and protector of cell membrane against
oxidation reactions. Antioxidant effects of VITE are pro-
vided by hydroxyl bounded phenolic ring in the molecule
structure. Moreover, VITE scavenges peroxyl radical by
giving hydroxyl from the phenolic ring [13, 36]. VITC is a
water-soluble organic compound that is essential for mam-
malian life. It has important roles such as being cofactor
and modulator of immune cells in some anabolic, catabol-
ic, and oxidative enzyme reactions. The antioxidant power
of VITC is related to its electron transport property such as
transferring the unpaired electron of ROS to itself [15]. In
the present study, VITC and VITE significantly decreased
tissue MDA level. Likewise, Metnitz et al. reported that
decreased plasma antioxidant levels such as o«-tocopherol,
[3-carotene, and ascorbate in ARDS patients caused in-
creased plasma MDA levels in third and sixth days. [26].

Methylprednisolone (MP) is synthesized as a synthet-
ic compound from organic glucocorticosteroids and
hydroxycortisone by using chemical methods. MP as a
synthetic corticosteroid decreases the cytokine release
and inhibits activation of T cells. Therefore, MP is used
against severe inflammation process such as ARDS, rheu-
matoid arthritis, Cushing’s syndrome, etc. However, med-
ical uses of MP may cause important adverse effects such
as fluid retention, hyperglycemia, electrolyte imbalance,
increased infection rate, pancreatitis, gastrointestinal bleed,
neuromuscular weakness. Previous clinical trials reported
that low-dose MP improved mortality and morbidity rates
in ARDS cases [35], but high-dose MP did not show any
effect on the rates [25]. Although LDMP and HDMP
significantly decreased MDA level as in vitamin treat-
ments, the decreasing MDA levels were not compatible
to pathological findings of MP groups.

SOD enzyme uses superoxide radicals as being a
substrate and catalyzes a dismutation reaction which pro-
duces hydrogen peroxide. SOD enzyme activity is directly
related to antioxidant system and informs about amount of
superoxide radical generation in cell. SOD inhibition
causes sudden increase of superoxide radicals and elevates
MDA level in tissue. The findings in present study showed
that intravenously administered OA significantly inhibited
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SOD activity. Likewise, previous studies reported that OA
decreased SOD activity in plasma and lung tissue [22, 38].
On the other hand, ALA, VITE, and VITC enhanced SOD
activity that inhibited by OA. However, Bulmus et al. did
not find any statistical differences between serum SOD
activities of OA, ALA, and control groups [6]. Moreover,
Yang et al. reported that SOD activity increased in
broncho-alveolar lavage fluid (BALF) after intravenous
administration of OA [39]. Although LDMP significantly
increased SOD activity in similar to ALA, VITE, and
VITC, HDMP had not any effect on SOD activity in lung
tissue. Yao and Raley (1996) indicated that MP showed
down-regulated SOD activity and different responses
which were specific for cell type and tissue function [40].

Hydrogen peroxide (H,O,) is less harmful to the cell
compared with ROS, but increased H,O, concentration can
be dangerous for cell health and metabolism. The CAT
enzyme and GSH are the important members of antioxidant
system and convert the H,O, to water by different mecha-
nisms. Though CAT catalyzes an enzymatic reaction which
directly uses H>O,, GSH is used as being a substrate for
converting H,O, to H,O by GR and GPx enzymes. In
present study, intravenously administered OA significantly
decreased GSH level and CAT activity in lung tissue. The
ALA and VITE directly play a role in regeneration of the
GSH from GSSG. Besides, VITC has indirect functions
such as scavenging effect on ROS in regeneration of GSH
[33]. On the other hand, SOD activity is an important factor
for hydrogen peroxide production. Increasing H,O, level
depending on SOD activity elevates CAT activity as well as
consumption of GSH. Although decreased SOD activity
was observed, HDMP did not inhibit the GSH consumption.
While SOD activity in LDMP group increased, the exces-
sive consumption of GSH was observed. Besides, Walther
(2004) reported that hydrocortisone treatment on lung cell
lines decreased GSH synthesis in cells [37]. The CAT
activity in lung tissue was markedly decreased by intrave-
nously administered OA. Although ALA, VITE, and VITC
showed recovery effects on CAT activities in similar to SOD
activities and GSH levels, MP did not show any significant
effect on CAT activity. Likewise, Bulmus et al. showed that
intravenously administered OA significantly decreased se-
rum CAT activity and «-lipoic acid significantly increased
the activity in serum [6].

In inflammation process, activated alveolar macro-
phages release cytokines such as tumor necrosis factor alpha
(TNF-w), interleukin 1 beta (IL-1p3), interleukin 6 (IL-6),
and interleukin 8 (IL-8). In present study, while serum TNF-
o and IL-1f3 levels were increased by intravenously admin-
istered OA, administrations of ALA, VITC, VITE, LDMP,
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and HDMP decreased cytokine levels by different ways. In
a previous study, Lee and Hughes (2002) reported that ALA
reduced nuclear factor-kappa B (NF-«kB) and the releasing
of cytokines which activates inflammation process was
inhibited depending on the NF-«kB reduction [21]. Also,
Kaul et al. reported that tocopherol derives inhibited TNF-
o, NF-kB, and adhesion molecules which related to inflam-
mation cells such as monocyte [20]. Bezerra et al. showed
that VITC decreased inflammatory response of lung by
inhibiting the TNF- o and NF- kB releases [4]. Moreover,
MP caused the decreased TNF-o and IL-1f3 levels in serum.

Histopathologic evidences of ALA, VITE, and VITC
groups showed that severe neutrophil infiltration decreased
compared with OA group. Liu et al. reported that pulmonary
hemorrhage, interstitial edema, inflammatory cells infiltra-
tion, and epithelium necrosis were observed after 2 h of OA
injection [22]. In addition, less endothelial and tissue dam-
age indicated by thickening in bronchi and alveolar septum,
hyperemia in vessels and polynuclear cell infiltration were
observed in histopathological evidences of the vitamin
groups. However, HDMP had not significant effect on
severity of mononuclear cell infiltration. Chen et al. reported
that one dose methylprednisolone (30 mg/kg) intraperito-
neally injection could not significantly decrease the neutro-
phil infiltration in a rat model of acute lung injury [9].

CONCLUSION

In conclusion, antioxidant vitamins may be useful for
premedication of ARDS and similar disorders. However,
MP was not found sufficient for being a therapeutic agent
for ARDS. In the light of all presented findings, ARDS
bases on serious inflammation process that accompanies
pulmonary endothelial damage and increased ROS that are
responsible oxidative damage to cells. Thus, it can be said
that inhibiting the inflammation process in ARDS is not
adequate for treatment and oxidative damage should be
prevented by using strong antioxidants.
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