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ABSTRACT

Objectives: The aim of this study was to evaluate the effects of thioredoxin and N-nitro-L-arginine
methyl ester (L-NAME) on ischemia/reperfusion injury after partial liver ischemia was induced by
selective clamping of the portal veins and hepatic arteries of rats.

Material and Method: Rats were subjected to 1 hour of 70% hepatic ischemia, followed by reper-
fusion or sham. At the end of ischemia, phosphate-buffered saline solution, L-NAME and thiore-
doxin with or without L-NAME were infused. Analysis was performed at pre-ischemia, onset of
ischemia and postreperfusion. Hepatic tissue blood flow was evaluated by laser Doppler. After-
wards, biochemical analyses were performed. Immunohistochemical method was used for apop-
tosis evaluation.

Results: Thioredoxin application increased hepatic tissue blood flow in reperfusion. After the
inhibition of NOS enzyme with L-NAME, alanine aminotransferase, aspartate aminotransferase
and P-selectin levels were significantly decreased when compared to ischemia/reperfusion group;
this decrease was lower than the one in the thioredoxin group. Endothelins, nitric oxide, malondi-
aldehyde levels and apoptosis ratio in the group in which L-NAME was applied had a considerabe
extent of decrease when compared to ischemia/reperfusion group, and also it was significantly
higher than the one observed in the thioredoxin group.

Conclusion: Thioredoxin is one of the important anti-oxidants in ischemia/reperfusion injuries for
reducing the damages, and that excess amount of nitric oxide depression creates protective effects.
No significant difference was detected between values of thioredoxin and L-NAME administra-
tion, which means that the co-use of thioredoxin and L-NAME did not create a cumulative effect.
Key Words: thioredoxin, nitric oxide, L-NAME, ischemia/reperfusion, reactive oxygen species,
antioxidant system, apoptosis

OZET

Amag: Bu galigmanin amact hepatik arter ve portal venin kismi klemplenmesiyle kismi karaciger
iskemi/reperfiizyon hasar1 olusturulan ratlarda, tiyoredoksin ve N-nitro-L-arginin metil esterinin
(L-NAME) karaciger hasar1 iizerine olan etkilerini incelemektir.

Materyal ve Metod: Ratlar 1 saat boyunca %70 hepatik iskemiye maruz birakilarak ardindan re-
perfiizyon veya sham uygulandi. Iskeminin sonunda, fosfat tamponlu salin soliisyonu, L-NAME
ve L-NAME’li veya L-NAME’siz tiyoredoksin inflizyonu yapildi. Analizler iskemi 6ncesi, iske-
mide ve reperfiizyon sonrasinda gergeklestirilmistir. Hepatik doku kan akisi lazer Doppler ile
degerlendirilmistir. Biyokimyasal analizler gergeklestirilmistir. Apopitoz degerlendirmesi igin
immiinohistokimyasal yontem kullanilmistir.

Bulgular: Tiyoredoksin uygulamasinin reperfiizyonda hepatik doku kan akigini arttirdigi sap-
tanmistir. NOS enziminin L-NAME ile inhibisyonunun ardindan, alanin aminotransferaz, as-
partat aminotransferaz ve P-selektin seviyeleri iskemi/reperfiizyon gurubu ile kiyaslandiginda
o6nemli Olgiide azalmistir; bu azalmanin tiyoredoksin gurubundaki azalmaya gore daha diisiik
seviyede oldugu saptanmistir. L-NAME’nin uygulandig1 guruptaki endotelin-1, nitrik oksit, ma-
londialdehit seviyeleri ve apopitozis orani iskemi/reperfiizyon gurubu ile kiyaslandiginda 6nem-
li 6l¢lide azalmistir ve buradaki azalmanin da tiyoredoksin gurubundan ¢ok daha fazla oldugu
gozlenmistir.

Sonug: Elde edilen bulgular dogrultusunda tiyoredoksinin iskemi/reperfiizyon hasarinda, hasa-
r1 azaltmada 6nemli antioksidanlardan biri oldugunu ve fazla nitrik oksit miktarinin baskilan-
masinin da koruyucu etkiler ortaya ¢ikaracagini diisiinmekteyiz. Bunun yaninda ¢alismamizda
tiyoredoksin ve L-NAME uygulama degerleri arasinda 6nemli bir farklilik bulunmadigi ve tiyo-
redoksin ve L-NAME’nin bir arada kullaniminin kiimiilatif bir etki yaratmadigi gosterilmistir.
Anahtar Kelimeler: tiyoredoksin, nitrik oksit, L-NAME, iskemi/reperfiizyon, reaktif oksijen
uriinleri, antioksidan sistemi, apopitoz
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Introduction

Hepatic ischemia and reperfusion (IR) is a complex
mechanism in which endothelial cells, complement
systems, adhesion molecules, nitric oxide and anti-
oxidative systems are all involved. Recent studies have
shown that hepatic microcirculation failure, activation
of neutrophils and endothelial cells, and apoptosis were
the key steps in hepatic IR injury and resulted in energy
imbalance, and dysregulation of oxidative system. Re-
active oxygen species (ROS), inflammatory cytokines,
vasoactive mediators; nitric oxide (NO) and endothelins
(ET)] were generated from activated Kuppfer cells [1].
NO, which plays protective role in the experimental he-
patic IR, is a potent gaseous vasodilator in the regulation
of hepatic microcirculation especially in the reperfusion
phase [2-3]. On the other hand, ET-1, the most power-
ful vasoconstrictor which was elevated especially in the
reperfusion phase of IR, aggravated the injury. Derange-
ment of ET-1 and NO is the crucial factor in microcircu-
latory failure and activation of adhesion molecules on
endothelial cells, especially the P-selectin.

The cellular protein Thioredoxin (Trx) with molecular
weight of 12 kDa has critical roles in the activation of
transcription factors like nuclear factor-kappa B (NF-
kB), and in the prevention of cells from apoptosis and
oxidative stress, especially for excessive radical oxygen
species [4-5]. Reduced Trx is the major cellular “pro-
tein disulfide reductase” and the major electron donor
for many enzymes. While glutathione reductase only re-
duces the glutathione, Trx, which is the other component
of thiol reductase system, it also reduces the other ROS
[6]. The aim of this study is to evaluate the effect of Trx
in the experimental liver ischemia/reperfusion with or
without the influence of N-nitro-L-arginine methyl ester
(L-NAME) which is the NO blocker in order to rule out
the relation between NO and this redox system

Material and Method

Animals and Surgical Procedures

The study was performed according to the recommenda-
tions of the Animal Research Committee at Gazi Uni-
versity in Ankara, Turkey. A total of 50 rats weighing
235-275 g were used in the study. The animals were
housed under cycles of 12 h of light and 12 h of dark in
individual cages, and they were allowed free access to
standard rat chow and water. All experiments were per-
formed with rats that had fasted for 12 h before surgery.
Rats were anaesthetized with intra-peritoneal ketamine
(100 mg/kg body weight [BW]) and xylazine (20 mg/kg)
and prepared for aseptic surgery. A midline incision ex-
tending from the xiphisternum to the pubis was made. A
polyethylene catheter (PE-50, ID 0.28, OD 0.61; Portex,
Hyte, UK) was inserted from the ileocecal vein to the
portal vein to infuse the drugs. The liver was exposed
with retractors placed in the flank, and a clamp was at-
tached to the xiphisternum and elevated. The ligamen-
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tous attachments between the liver and the diaphragm
were freed. In order to avoid splanchnic congestion,
we used a model of partial liver ischemia. Partial liver
ischemia was induced by selective clamping of the por-
tal vein and hepatic artery, which supply the left lateral
and median lobes of the liver (segments II-1V), using
an atraumatic vascular clamp (Harvard Apparatus Inc.,
Hollinston, MA, USA) for 60 min; followed by 2 hours
of reperfusion 10 minutes of which were performed with
the studied solutions. To avoid the influences arising
from major fluid loss or drying of the liver, the abdomi-
nal cavity was covered with wetted gauze.

Experimental Design
The rats were divided into five groups:

e Sham group (n=10): Animals were subjected to an-
aesthesia and laparotomy.

e Control (I/R) group (n=10): Reperfusion was per-
formed after 60 min of partial ischemia, and 1 ml
vehicle (phosphate-buffered saline solution) was in-
fused into the portal vein for 10 minutes immedi-
ately upon perfusion.

o Thioredoxin (Trx) group (n=10): Reperfusion was
carried out after 60 min of partial ischemia, and
recombinant thioredoxin (10mg/kg) (Promega Cor-
poration, WI, USA) was infused for 10 min via the
portal vein immediately upon reperfusion.

e N-Nitro-L-arginine methyl ester (L-NAME) group
(n=10): Reperfusion was conducted after 60 min of
partial ischemia. L-NAME (10mg/kg) was infused
for 10 min via the portal vein immediately upon re-
perfusion.

o Trx and L-NAME group (n=10): Reperfusion was
performed after 60 min of partial ischemia. L-
NAME (10mg/kg) and recombinant thioredoxin
(10mg/kg) was infused for 10 min via the portal vein
immediately upon reperfusion.

One hundred microgram L-NAME was dissolved in
40 ml phosphate—buffered saline solution. For Trx, 50
mmol/L Tris-HCI (pH=7.5) was dissolved in 40 ml solu-
tion including 1 mmol/L EDTA. Following I/R, 0.5 g
tissue samples from left lobe and 4 ml blood samples
were drawn from inferior vena cava during sacrification.

Hepatic tissue blood flow

Hepatic tissue blood flow (HTBF) was measured using
a laser-Doppler flow meter (Periflux 5000; Perimed,
Stockholm, Sweden) before ischemia, at 5, 15 and 45
min after the initiation of ischemia, and at 5, 15, 30 and
60 min after reperfusion. Succeeding time point, a mean
of three values obtained at different lobes (segments
II-1V) was calculated. The principle of the method is
that light generated by a laser diode (780 nm wavelength
with maximum emission energy of 1.0mW) penetrates
the tissue, where it is reflected by circulating blood cells.
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Analogue laser Doppler flow signals were digitalized.
Blood flow was recorded for at least 30-s until a stable
signal was obtained. Post-sampling data processing in-
cluded pulse wave analysis with the integral under the
curve. For integral estimation, the mean of the pulse
waves within the 30-s sampling period was calculated.
HTBF was expressed as an arbitrary unit (AU) [7].

Biochemical Studies

The rats were sacrificed at the 2nd hour following I/R.
Immediately upon sacrification, 0.5 g tissue sample was
taken from the left hepatic lobe and 4 ml blood sample
was taken from the portal vein. Sham groups were si-
multaneously sacrificed.

Preparation of the Samples

Blood samples taken from the rats were transferred to 10
ml evacuated gel separator tubes and EDTA tubes. The
blood samples were centrifuged at +4°C and 1600 x g for
15 min. Approximately 500-1000 pl of the resulting se-
rum samples were taken and used for biochemical tests.
The remaining serum samples were separately trans-
ferred to tubes as 100 pl and 200 pl for P-selectin and
nitric oxide studies, respectively. These serum samples
were stored at -80°C until the study started.

EDTA samples were transferred from EDTA tubes to
centrifuge tubes and aprotinine was added so as to cre-
ate 0.6 Trypsin inhibitor unit (TIU)/ml (1 TIU = 1025-
1300 KIU (Kallikrein inhibitor unit) blood. The samples
were centrifuged at +4°C and 1600 x g for 15 min and
the resulting plasma samples were stored at -80 °C until
the study started.

AST, ALT, NO metabolites, P-selectin and
Endothelin-1 study in serum and plasma sam-
ples:

Biochemical parameters, which were aspartate ami-
notransferase (AST) and alanine aminotransferase
(ALT), were analyzed in serum sample with original kits,
Thermo Fischer Scientific (Thermo Fischer Scientific,
Vantaa, Finland) kits, in Konelab 60 auto-analyzer (Lab-
systems Clinical Laboratory Division, Espoo, Finland).
The study was performed on the same day and on the
same series in order to prevent the possible variations
between days and studies.

Serum NO metabolites levels were measured with Stress-
gen’s StressXpress® NO (total) kit (catalogue no: EKS-
310). In this method, firstly, nitrate was transformed into
nitrite with nitrate reductase enzyme, the resulting nitrite
was dyed with azo dye (Griess Reaction) and its absorb-
ance was measured at 540 nm. Concentrations of nitrite
have been used as a quantitative measure of NO production.

We measured sP-selectin by means of a highly sensi-
tive sandwich ELISA (enzyme-linked immunosorbant
assay) technique and a commercially available test rea-
gent set (Human sP-Selectin/ Diaclone Research, Codex,
France) in line with the manufacturer’s instructions. We
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carried out duplicate measurements with 10-pL aliquots
of plasma and measured the absorbance at 450 nm with
a microplate reader (ELx800; BioTek Instruments, Inc).
A standard curve was prepared from seven sP-Selectin
standard dilutions and sP-selectin sample concentration
was determined.

ET-1 production was quantified using the protocol from
the ET-1 ELISA kit (Phoenix Pharmaceutical, CA, USA).
Samples for determination of tissue ET-1 levels were
processed according to an established protocol for extrac-
tion of ET-1 prior to colorimetric ELISA of ET-1. The in-
ter- and intraassay imprecision (as CV) was = 14.5% and
5%, respectively. The lower detection limit was 0.1 ng/ml.
Cross-reactivity of the ELISA was 100% to ET-1, 3.5%
ET-2, 28% to ET-3, 50% to big ET1 and 70% big ET-2.
Despite the presence of cross-reactivity to other ET iso-
forms, the assay measures primarily ET-1. We carried out
duplicate measurements with 50 pL aliquots of sample
and measured the absorbance at 450 nm with a microplate
reader (ELx800; BioTek Instruments, Inc). A standard
curve was prepared from seven ET-1 standard dilutions
and ET-1 sample concentration was determined.

Preparation of Tissue Homogenate

Liver homogenates were prepared from the left hepatic
lobe. The sample tissues extracted were then washed
in % 0.9 NaCl solution with 0.16 mg/ml heparin. Ex-
cised liver was transferred to ice-cold homogenization
medium (20mM phosphate buffer; pH 7.4), minced, and
homogenized with a basic homogenizer (Ika Works
ULTRA-TURRAX T 10 basic Disperser/Homogenizer).
The homogenate was centrifuged at 3000 g at 4°C for 10
min. And the sample was instantly frozen at -70°C.

Measurement of the Tissue Protein:

Tissue protein measurement of the samples was per-
formed with the Lowry method. The samples were vor-
texed and kept for 15 min. Then, 200 ul Folin reactive
was added into the samples; they were properly vortexed
and kept at dark for 1 h. The tubes were read against the
blank at 750 nm and the results were calculated through
the obtained absorbance values.

In our study, we expressed all the measured values by
dividing them to tissue protein.

SOD, Lipid Peroxidation Product and Apop-
tosis Study in Tissue Samples:

Photometric kit, which belongs to Oxford Biomedical
Research (Oxford, MI, USA) (Product No: FR10), was
used for tissue SOD measurements. The kit was applied
to Konelab 60i auto-analyzer and the analysis was con-
ducted. The kinetic SOD measurement of the 525 nm
absorbance change is performed after the addition of
5,6,6a,11b-tetrahydro-3,9,10-trihydroxybenzo fluorine.
The SOD activity is determined from the ratio of the au-
toxidation rates in presence (Vs) and in the absence (Vc)
of SOD. The Vs/Vc ratio as a function of SOD activity is
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independent of the type of SOD (Cu/Zn-SOD, Mn-SOD,
Fe-SOD) being measured. One SOD activity unit is de-
fined as the activity that doubles the autoxidation rate of
the control blank (Vs/Vc=2). The obtained values were
divided by tissue protein and expressed in U/mg tissue

Lipid Peroxidation Products (Malondialdehyde (MDA)
and 4-hydroxyalkenal (HAE) were analyzed as lipid
peroxidation products in the tissue through Lipid Peroxi-
dation kit, which was developed by Oxford Biomedical
Research (Oxford, MI, USA) (Product no: FR 12). The
resulting values were divided by tissue protein and ex-
pressed in nmol/mg tissue.

In rat liver tissues, Apo-BrdU-IHC in situ DNA frag-
mentation kit expression (TUNEL kit) was analysed
through immunohistochemical method. A TUNEL kit
(Wako, Osaka, Japan) TUNEL (Terminal transferase
deoxy-UTP Nick End Labeling) the most commonly
used in situ test for apoptosis where DNA strand breaks
are detected by the binding of termi nal deoxynuclotidyl
transferase to the 3’ ends of DNA fragments. DAPI (4,
6-Diamidino-2-phenylindole dihydrochloride) is a blue
fluorescent stain that binds to double stranded DNA,
thus resulting in a 20-fold enhancement of fluorescence.
Cells that have undergone apoptosis show pyknotic nu-
clei that can be visualized following DAPI staining.

Statistical Analyses

All data were presented as mean + SEM (standard er-
ror of the mean). Statistical analyses were carried out
using computer based the SPSS 15.00 programme. The
Shapiro-Wilk test was used so as to determine the group
distribution. Comparison between groups was done by
Kruskal Wallis and comparison within the groups was
conducted by using the Mann Whitney U test. Numeri-
cal parameters were compared by ¥2. Probability values
below 0.05 were considered to be statistically significant.

Results

Levels of the measured parameters and SEM values
were given in Table 1 and the p values between groups
were also given in Table 1.

No mortality was seen during the experiment. Hepatic
tissue blood flow results were given in Figure 1. The
HTBEF values were similar in all groups before ischemia.
Partial hepatic ischemia decreased the HTBF levels to
20% of the original levels. Evaluation of the HTBF lev-
els from 30 min of reperfusion until the end of the exper-
iment showed that the HTBF levels of Trx-treated rats
increased as much as those of the sham group (P>0.05).
Treatment with Trx increased the level of HTBF when
compared to the I/R, L-NAME and Trx-L-NAME
groups (p<0.001). Adding L-NAME to this treatment,
however, gave rise to a significant decrease in the HTBF
levels (P<0.05).

It was found that partial ischemia increased the levels
of ALT and AST significantly. The difference between
the levels of AST in I/R group and sham group was sig-
nificant (p<0.001), but the difference between the study
groups and I/R was not significant. The difference was
not significant between the AST levels of Trx, L-NAME,
Trx-L-NAME and I/R groups (p=0.38, p=0,839, p=0.155,
respectively). The increase of ALT was more notewor-
thy. Although the levels of ALT in the groups, treated
with Trx, L-NAME and Trx-L-NAME were lower than
those in the I/R group (p<0.001), they were still higher
than the levels of the sham group.

Adhesion molecules like P-selectin and Endothelin-1 were
found to be significantly elevated in the I/R group when
compared to those found in the sham group (p<0.001). Al-
though the levels of P-selectin and Endothelin-1 of Trx,
L-NAME and Trx-L-NAME groups were significantly
lower than the levels of I/R group (p<0.001), they were
still higher than the sham group. The decrease was more
prominent in Trx-L-NAME group.

Table 1. Data and SEM values of the measured parameters in the study groups.

Ischemia / Thioredoxin Trxand L- Sham/ Trx-
Sham (1) reperfusion (I/R) (Trx) L-NAME NAME /R Trx/I/R L-NAME/I/R L-NAME//R
ALT (U/L) 206.7 + 88.3 1113.4 + 313.0** 426.8 + 76.7* 507 + 159** 413.8 = 117.0 <0.001 <0.001 <0.001 <0.001
AST (UL) 208.4 +76.8 468.5 £ 93.3** 360.1+ 132.0* 479.5x 133.0*  397.2x 119.0+ <0.001  0.038 0.829 0.166
P-Selectin (ng/ml) 150.2 + 65.4 448.5 + 119.0** 2379+ 94.7* 279.4 + 71.6* 173.5+ 34.2 <0.001 <0.001 <0.001 <0.001
Endothelin-1 (ng/ml) 45.52 + 12.70 125.46 + 35.50** 94.99 + 10.20** 84.85+ 11.80** 72.24 = 11.50* <0.001 0.001 <0.001 <0.001
No(?f:gﬁf)'“es 20.8% 55 421 71 23.8+ 5.0 16.9 6.1 12.3+ 4.5¢ <0.001  <0.001 <0.001 <0.001
SOD (U/mg protein) 423 + 190 280+ 102 537 + 143 603 = 221* 645 + 154* 0.060 0.001 <0.001 <0.001
Lipid Peroxidation
Product (nmol/mg 115+ 0.43 3.67 = 1.87** 2.62+ 0.75* 2.21 + 1.05* 2.56 + 0.46* <0.001 0.031 0.003 0.023
protein)
Apoptosis (%)*** %4-6 %10-12 % 8-10 % 5-6 %2
*Comparison between sham group and other groups (Mann Whitney U test, p<0.05)
** Comparison between sham group and other groups (Mann Whitney U test, p<0.001)
***Median apoptosis levels (%25-%75 percentile)
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Figure 1. Time profile of hepatic tissue blood flow (HTBF) change before and after ischemia reperfusion. The levels of HTBF after partial
hepatic ischemia significantly decreased to 20% (P<0.001). After 30 minutes of reperfusion, HTBF levels in the thioredoxin treatment group

got closer to those of the sham group (P>0.05).

It was found that the levels significantly increased with
the ischemia (p <0.001). However, the levels of NO me-
tabolites in the groups L-NAME, and Trx-L-NAME de-
creased more slowly than the levels of the sham group.
The levels of NO metabolites in the group Trx, L-NAME
and Trx-L-NAME were significantly lower than the ones
in the I/R group (p<0.001). When the ET-1/NO ratios of
groups were calculated, they were found to be 0.21, 0.29,
0.4, 0.5, 0.58 in the groups sham, IIntracellular anti-ox-
idative enzymes (SOD) decreased insignificantly in I/R
group when compared to the sham group (p=0.06). How-
ever, the levels of SOD increased in groups L-NAME
and Trx-L-NAME and the difference between the levels
of I/R group was statistically significant (p<0.001).

The level of lipid peroxidation products (MDA and HAE)
significantly increased in the I/R group when compared
to that of the sham group (p<0.001). The levels of lipid
peroxidation products in groups Trx, L-NAME and Trx-
L-NAME were higher than those in the sham group and
lower than the ones in the I/R group. The difference
was not statistically significant (p=0.32). Apoptosis in-
creased more significantly in I/R group than it did in the
other groups. However, the apoptosis in L-NAME group
was lower than it was in the sham group. Apoptosis in
Trx group was significantly higher than it was in the L-
NAME group. The difference between the apoptosis ra-
tios of I/R and Trx groups was statistically insignificant.

Discussion

The basic step in the ischemia/reperfusion injury is the
lack of energy and disruption of oxidative phosphoryla-
tion. Certain protective mechanisms act for prevention
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like Trx and NO. The role of Trx in the experimental
I/R model was evaluated in our study. One of the bio-
chemical cellular injury markers is the measurement of
cellular enzymes in the circulation. The increase in ALT
and AST levels of I/R group decreased by means of Trx
and L-NAME groups in our study. As expected, the cy-
toplasmic enzyme ALT was firstly affected by I/R rather
than it was done by the mitochondrial enzyme AST. On
the other hand, it was seen that the significant decrease
in the levels of ALT and AST occurred in the Trx-L-
NAME group. It was found that anti-oxidative Trx and
NOS inhibitor L-NAME had protective roles in hepato-
cytes in I/R. Squadrito et al. showed that inhibition of
NOS by L-NAME had decreased the formation of per-
oxynitrite [8]. Thiermann et al. found that excess vaso-
dilatation was inhibited by L-NAME and decreased the
injury of the hepatocytes [9]. As in our study, L-NAME
significantly decreased the blood flow, but the protec-
tive effect was significant. On the other hand, although
the NO levels of I/R were higher than the NO levels in
Trx, the hepatic blood flow was found to be higher in the
Trx group. Also, the protective role of Trx was seen as a
result of the increased blood flow when compared with
the roles in I/R and L-NAME groups. This showed that
Trx eliminated the negative effects of increased blood
flow during reperfusion. And the increased blood flow
may be explained the presence of NO and the decreased
ROS or peroxynitrites.

Endothelial derived adhesion molecule, P-selectin, is an
important molecule for binding of activated leucocytes
to the endothelium [10-11]. Experimental hepatic I/R
studies showed that treatment with p-selectin antibodies
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decreased the injury and increased the survival [12]. In
our study, p-selectin levels were significantly increased
in the I/R group when compared with those in the sham
group. The results were found to be similar with the ones
seen in the literature [11]. Also, the protective role of Trx
and L-NAME was shown by the decreased p-selectin
levels in these groups. In the circulation, Trx inhibited
the invasion of neutrophils and prevented the extravasa-
tion of leucocytes [13]. In a recent study, IV administra-
tion of human recombinant Trx has decreased the I/R
injury in rats, rabbits and dogs [13]. The effect of Trx
can be explained by the activation of steroid receptors
and NF-kB and AP transcription factors which led to
increased p-selectin by Trx.

In the early stages of hepatic reperfusion, microcircu-
latory dysfunction with a loss of hepatic metabolism
occurs as a result of an imbalance between vasoactive
and vasodilative substances like ET-1 and NO [1, 14].
But, no correlation has been found between the ET-1/
NO and the hepatic blood flow. This showed that blood
flow not only depended on the ET/NO, but also on the
other mechanism in which Trx took part like intracel-
lular anti-oxidative factors. There have been conflict-
ing data about the effects of NO. At the beginning of
reperfusion, while the levels of NO were decreasing, the
levels of ET-1 increased and vasoconstriction occurred
in microcirculation [15]. It was shown that low levels of
NO were physiologically important, but high levels of
NO were toxic [16]. High levels of NO inhibited the cel-
lular enzyme systems [16-17]. These enzymes took part
in the energy, apoptosis, mutations, and several immu-
nological systems. These studies showed that inhibition
of iNOS was protective against the I/R injury. Although
the peroxynitrites, which occurred after the reaction
with NO, were not radicals, they were strongly oxida-
tive. As they had longer half-lives when compared to the
superoxide and nitric oxide, they could damage cellu-
lar macromolecules like DNA and all types of proteins.
Also, peroxynitrite increase would lead to increased
hydroxyl radical formation. The relation between NO
and ET-1 is complex. While ET-1 increased the NO pro-
duction by ET-B receptors, NO decreased the ET pro-
duction via cGMP [18]. Several studies about NO and
ET-1 like in our study showed that when the levels of ET
were high, the levels of NO were found to be high, too.
It was accepted that L-NAME, which was an NOS in-
hibitor, decreased the levels of NO. Hansen et al. showed
that Trx-2 regulated the ROS production by TNF-a [19].
Welsh et al. showed that Trx-1 activated HIF-1 (hypoxia-
induced factor-1) and led to iNOS gene inactivation [20].
But, the decrease of NO in Trx group was the result of
the decrease in ROS and inactivation of TNF-a, which
was the activator of iNOS.

It was observed that the levels of ET in Trx group de-
creased. There was no study about the relation between
ET and Trx in the literature. This might be achieved by
ROS inhibition and regulation of transcription factors of
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Trx. Cheng et al. showed that there was a relation be-
tween ET and ROS and also told that ROS played a role
in the secondary messenger of the ET pathway [21].

It was shown that Trx cleared off H,O, in the existence
of methionine sulfoxide reductase or thioredoxin per-
oxidase [22]. This is the probable mechanism for protec-
tion against oxidative and nitrosative stress. Also, Trx
activates the mitochondrial SOD and has protective role
against NO-induced injury [23]. The data and our re-
sults supported the protective roles of Trx and L-NAME.
On the other hand, Brown et al. showed that NO was
bounded to the catalase with competition of H,O, and
degraded the enzyme catalase [24]. It was seen, in the
study of Dobashi et al., that NO inhibited the catalase
and SOD by decreasing the mRNA expression [25]. Our
study supports the information taking place in the rel-
evant literature.

MDA, which is a lipid peroxidation product, is used to
show the level of oxidative stress. It was expected that
lipid peroxidation products levels were found to be higher
in the I/R group when compared with those in the sham
group. Trx and L-NAME significantly decreased the
MDA levels when compared with the ones in the I/R
group. In the study of Wu et al., it was found that Trx,
which was given in the second hour of I/R, significantly
decreased the MDA levels when compared with the levels
in the I/R with a ratio of 24.8% [26]. The similar protec-
tive role of Trx and L-NAME was observed in our study.

The results of apoptosis among groups were homogeneous,
but the differences among groups were statistically signifi-
cant. Trx has a potential for cell proliferation and cancer
cell growth. Also, Trx had a protective role against the
apoptosis which had been induced by ROS [27]. Reduced
Trx formed a complex with signal regulatory kinase-1
(ASK-1) which protected the cell from apoptosis. In recent
studies, it has been shown that NO acts as a radical and
also forms peroxynitrite anion by reacting with ROS like
superoxides and also increases the de novo transcription of
p53 and stimulates apoptosis [28]. These findings showed
us that Trx and L-NAME had anti-apoptotic roles in I/R.

When the results obtained are evaluated, it has been de-
termined that with the application of recombinant Trx,
hepatic (liver) cell injury, the formation of ROS and lipid
peroxidation products, adhesion molecule release and
apoptosis rate have all been declined. Simultaneously, it
has been indicated that antioxidant enzymes and sub-
stances in hepatic cell level have increased. As a con-
sequence of the inhibition of NOS with L-NAME, and
prevention of excessive NO production, similar effects
have been observed, too.
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