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Abstract. - INTRODUCTION: We aimed to
evaluate the effects of Losartan, an angiotensin
receptor blocker, on serum inflammatory mark-
ers, plasma thiol groups, and oxidative stres in-
dexes among patients undergoing hemodialysis
(HD) treatment.

PATIENTS AND METHODS: Fiftytwo end-stage
renal disease (ESRD) patients undergoing chron-
ic HD programme for at least 12 months, and thir-
ty age and gender matched healthy volunteers
were enrolled into this prospective clinical trial.
Plasma levels of thiol groups (SH), total antioxi-
dant capacitiy (TAC), and total oxidant status
(TOS) were studied. Oxidative stress index (OSI)
was calculated by TOS/TAC. Firstly results of pa-
tients were compared with healthy subjects and
then patients were treated by Losartan 50-100 mg
and followed up for three months.

RESULTS: Among patients, SH Groups, TAC,
TOS, and OSI were statistically higher than con-
trols. Also the inflammatory markers were signifi-
cantly higher in patients than controls and albu-
min was lower among patients. At the end of the 3
months among all patients the mean value of TAC
was increased to 1.7+0.4 micromol Trolox Eqv./L.
from 1.4+0.2, and SH groups to 0.33+0.02 mmol/L
from 0.22+0.01, (p < 0.001) while TOS decreased
to 7.2+1.1 micromol H,0, Eqv./L from 9.5+4.5, and
OSI decreased to 5.0+0.8 from 7.1+3.2 (p < 0.001).

CONCLUSIONS: Losartan was effective in
controlling blood pressure, and decreasing OSI,
a marker of elevated oxidative stress, and in-
creasing plasma levels of SH groups, an antioxi-
dant, in ESRD patients undergoing hemodialy-
sis. So, it may not be only a hypotensive drug,
but also improves OS, particularly in patients
with ESRD.
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Introduction

Cardiovascular events (CVE) are the main caus-
es of death in patients with end-stage renal disease

(ESRD)'%. According to two of the largest ESRD
registries, the US Renal Data System (USRDS)
and the European Registry of patients on renal re-
placement therapy (ERA-EDTA), among these
patients the estimated risk for CVE is 3.5-50
times higher than in the general population*.
This elevated risk is associated with both classi-
cal cardiovascular and uremia-specific risk fac-
tors, such as chronic hypervolemia, secondary
hyperparathyroidism, anemia, hyperhomocys-
teinemia, excess inflammatory status with in-
creased oxidative stress. These non-traditional
risk factors are being given emphasis not only
because of explanation of the high prevalence of
CVE among patients with ESRDS, but also be-
cause they may represent newer targets for thera-
peutic intervention.

Angiotensin converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers
(ARBs) are giving researchers cause to hope to
decrease morbidity and mortality in patients un-
dergoing dialysis. In recent study we aimed to
evaluate the effects of an ARB, Losartan, on ox-
idative stress [plasma thiol groups (SH), total an-
tioxidant status, and oxidative stres index (OSI)]
and acute phase reactants [C-Reactive protein
(CRP), ferritin, and fibrinogen] among patients
undergoing chronic hemodialysis (HD).

Patients and Methods

Sixty non-diabetic ESRD patients on chronic
HD programme, for at least 12 months, and 30
healthy age and gender matched volunteers as
control group were included into the study. All
the patients were treated by conventional bicar-
bonated HD for 5 hours thrice weekly using low-
flux hollow-fiber dialyzers (Polysulfone mem-
brane, Fresenius Medical Care, Bad Homburg,
Germany). The study was designed as a prospec-
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tive, clinical trial for a period of 3 months with
two phases. The first phase was planned as com-
parison between the baseline values of patients
and healthy group, and the second phase was
planned as follow up period of patients treated
with Losartan for three months and comparing
the last values with beginnig. Patients with
chronic inflammation/infection diseases (such as
rheumatoid arthritis, tuberculosis, etc), chronic
heart failure, and uncontrolled hypertension were
excluded. Patients who were using calcium chan-
nel blockers were shifted to Losartan 48 hours
after cessation of previous drug, and patients
who were using ACE inhibitors or ARBs were
shifted to Losartan after a wash out period of a
week. Blood pressure of patients were closely
controlled during wash out period and calcium
channel blocker were used when required. Writ-
ten informed consent were taken from all patients
and then all of them treated with Losartan potas-
sium 50-100 mg/day due to their blood pressure
levels, and followed up for 3 months.

Age, gender, and dialysis duration of patients
were recorded from dialysis centre records.
Serum biochemistry and complete blood counts
were studied. Plasma levels of TAC, TOS, and
SH groups were studied from the samples taken
after 12 hours fasting period, before HD session.
Blood pressure of all patients were measured be-
fore dialysis session after at least 15 minutes
resting, and mean of two sequential measurement
was recorded.

Total antioxidant status of plasma was deter-
mined using a novel-automated measurement
method, developed by Erel®. In this method, hy-
droxyl radical, which is the most potent biologi-
cal radical, is produced. In this assay, antioxida-
tive effect of the sample against the potent free
radical reactions, which is initiated by the pro-
duced hydroxyl radical, is measured. The assay
has got excellent precision values, which are
lower than 3%. The results are expressed as
mmol Trolox equivalent/l.

Total peroxide concentrations of plasma sam-
ples were determined using the FOX2 method’
with minor modifications®. The FOX2 test sys-
tem is based on oxidation of ferrous ion to ferric
ion by various types of peroxides contained
within the plasma samples, to produce a colored
ferric-xylenol orange complex whose ab-
sorbance can be measured. The FOX?2 reagent
was prepared by dissolving ammonium ferrous
sulphate (9.8 mg) in 250 mM H,SO, (10 ml) to
give a final concentration of 250 AM ferrous ion
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in acid. This solution was then added to 90 ml
of HPLC-grade methanol containing 79.2 mg
butylated hydroxytoluene (BHT). Finally, 7.6
mg xylenol orange was added with stirring to
make the final working reagent (250 AM am-
monium ferrous sulphate, 100 AM xylenol or-
ange, 25 mM H,SO,, and 4 mM BHT in 90%
vol/vol methanol in a final volume of 100 ml).
The blank working reagent contained all com-
ponents of the previous reagent except only fer-
rous sulphate. Aliquots (200 Al) of plasma were
mixed with 1800 Al FOX2 reagent. After incu-
bation at room temperature for 30 min, the vials
were centrifuged at 5000 rpm for 10 min. Ab-
sorbance of the supernatant was then deter-
mined at 560 nm. Total peroxide content of
plasma samples was determined as a function of
the absorbance difference between test and
blank tubes using a solution of H,O, as stan-
dard. The coefficient of variation for individual
plasma samples was less than 5%. Ratio of TOS
to TAC was accepted as OSI®.

Serum biochemistry (urea, creatinine, glu-
cose, albumin, total cholesterol (TC), triglyc-
eride (TG), low density lipoproteins (LDL), and
high density lipoproteins (HDL), etc) were mea-
sured by using routine biochemical procedures
on Aeroset/C8000 autoanalyzer (Abbott Diag-
nostics, Abbott Park, Chicago, IL, USA). Com-
plete blood counts were measured on Cell-dyn
3700 (Abbott Diagnostics, Chicago, IL, USA).
Intact parathormone (iPTH) was detected with
two-site chemiluminescent enzyme-labeled im-
munometric method on IMMULITE 2000 (Di-
agnostic Products Corporation, Los Angeles,
CA, USA). Serum levels of C-Reactive Protein
(C-RP), and ferritin were established by electro-
chemiliiminescence method on Roche Elecsys
2010 immunoassay analyzer (Roche Diagnostics
Corporation, Indianapolis, IN, USA). Clauss
method was used to establish fibrinogen in cit-
rated plasma on Beckman Coulter/IL Coagula-
tion Systems (Instrumentation Laboratory, Brea,
CA, USA). The same parameters were repeated
after 3 months, and compared with the begin-
ning of the study.

Statistical Analysis

Statistical analysis were done by student-£ test,
and wilcoxon signed rank test on SPSS-13.0
(SPSS Inc., Chicago, IL, USA) PC programme,
data were shown as = SD, and p < 0.05 was con-
sidered as satistically significant.
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Results

Fiftytwo of the eligible 60 patients were com-
pleted the study, male female ratio was 21/31.
Eight patients were excluded from study be-
cause of many reasons. Three of patients were
transferred to different dialysis centers, 1 under-
gone to transplantation, 2 because of active tu-
berculosis, 1 because of Behcet’s disease and 1
because of rheumatoid artritis. Among etiologi-
cal causes hypertension (HT), chronic glomeru-
lonephritis (CGN), and polycystic kidney dis-
ease (PCKD) were first three causes respective-
ly. The mean age of dialysis was 45.9+41.5
months among patients. The etiology of ESRD
detailed in Figure 1.

In comparing with controls it was seen that the
systolic and the diastolic blood pressure were
higher in patients (SBP: 157.5£44.2 vs
110.2+11.6 mmHg, DBP: 95.5+11.1 vs 75.2+8.0
mmHg, p < 0.05). In oxidative parameters there
were statistical significance between patients and
controls. Among patients, SH Groups: 0.22+0.01,
TAC: 1.4+0.2, TOS: 9.5+4.5, OSI: 7.1£3.2, and
those parametres were 0.36+0.04, 1.9+1.5,
6.2+3.2, and 3.2+1.1 respectively among controls
(p < 0.001 for all). Demographic, clinical and
hematological properties of patients and controls
were compared in Table I.

In comparing with the beginning there was no
statistically significance in biochemical parame-

ters at the end of the 3 months. Comparison of
biochemical and hematological parameters of pa-
tients before and after treatment were shown in
Table II.

The inflammatory markers, C-RP, fibrinogen,
and ferritin were significantly higher in patients
than controls (p = 0.017, p < 0.001, and p <
0.001, respectively), and albumin was lower
among patients (p < 0.001), (Table II). At the end
of the study when we check those parameters
again except albumin levels statistically signifi-
cant decreasing was seen. C-RP was decrease to
6.3+£9.2 from 9.7£7.5 mg/dl (p = 0.045), fibrino-
gen was decrease to 334.0+x85.9 from
477.1+155.7 mg/dl (p = 0.001), and ferritin was
decrease to 604.4+375.8 from 989.8+448.6 ng/dl
(p =0.014), (Table II).

At the end of the study, in comparing with the
beginning the systolic blood pressure decreased
to 121.5+24.4 from 157.5+44.2 mmHg, and the
diastolic blood pressure to 80.4+10.3 from
95.5+11.1 mmHg (p < 0.001) (Figure 2).

At the end of the 3 months the TAC was in-
creased to 1.7£0.4 from 1.4+0.2 umol Trolox
Eqv./L, and SH groups to 0.33+0.02 from
0.22+0.01 mmol/L, (p < 0.001) while TOS de-
creased to 7.2+1.1 from 9.5+4.5 ymol H,0,
Eqv./L, and OSI decreased to 5.0+0.8 from
7.1+£3.2 (p < 0.001). The change in blood pres-
sure, pro-oxidants, and anti-oxidants are detailed
in Table III and Figures 2 and 3.
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Figure 1. Etiological causes of ESRD among patients. HT: Hypertension; CGN: Chronic Glomerulonephritis; PCKD: Poli-

cystic Kidney Disease; UC: Urological Causes; UK: Unknown.
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Table I. Demographic, clinical and hematological properties of patients and controls.

Parameters Losartan group (n=52) Control group (n=30) P
Age (years) 389+11.7 37.8 £10.5 0.568
Gender (M/F) 21/31 14/16 0.580
BMI (kg/m?) 229+42 23.5+4.7 0.310
SBP (mmHg) 157.5+£44.2 1102+ 11.6 0.012
DBP (mmHg) 95.5+11.1 752+8.0 0.022
Glucose (mg/dl) 95.8 +£22.8 90.1+11.5 0.270
Na (mg/dl) 138435 139.9+52 0.709
K (mg/dl) 5321 4.6x0.7 0.044
Ca (mg/dl) 92+1.1 9.1+0.3 0.959
P (mg/dl) 5.6+2.1 3.6+04 <0.001
Cax P (mg¥dI?) 52.0+8.8 329+42 <0.001
PTH (pg/ml) 312.8 +271.2 46.5+17.1 <0.001
Hgb (g/dl) 10.8 £ 1.7 142+1.2 <0.001
Ferritin (ng/ml) 989.8 + 448.6 77.5+54.4 <0.001
Albumin (g/dl) 3506 44+0.2 <0.001
CRP (mg/dl) 9.7+75 32+04 0.012
Fibrinogen (mg/dl) 477.1 +155.7 212.9 +50.4 <0.001
Uric acid (mg/dl) 8.9+ 10.7 3.8+1.6 0.043
Total cholesterol (mg/dl) 1889 +77.3 161.7 £ 346.7 0.380
Triglyceride (mg/dl) 205.9 +83.5 145.1 + 87.1 0.185
LDL-c (mg/dl) 107.9 +£25.2 97.9+222 0.388
HDL-c (mg/dl) 40.0+ 139 459 +104 0.129

Table Il. Comparison of Kt/V values, biochemical and hematological parameters of patients before and after treatment.

Parameters Before treatment After treatment P
Kt/V 1.27+1.01 1.26 £0.99 0.889
Glucose (mg/dl) 95.8+£22.8 96.8 +£79.8 0.728
Na (mg/dl) 138.4+3.5 139.2+32 0.788
K (mg/dl) 53+2.1 51+0.8 0.512
Ca (mg/dl) 9.2+1.1 9.1+0.8 0.152
P (mg/dl) 56+2.1 52+1.7 0.134
Ca x P (mg2/d12) 52.0+8.8 50.7+13.4 0.027
PTH (pg/ml) 312.8 +271.2 333.1+£215.7 0.124
Hgb (g/dl) 10.8 1.7 109 +1.6 0.954
Ferritin (ng/ml) 989.8 +448.6 604.4 +375.8 0.006
Albumin (g/dl) 35+£06 35+04 0.310
CRP (mg/dl) 9.7+17.5 6.3+92 0.036
Fibrinogen (mg/dl) 477.1 £ 155.7 3340+859 0.001
Uric acid (mg/dl) 8.9+10.7 72+13 0.418
Total cholesterol (mg/dl) 1889 +77.3 188.5 £51.0 0.277
Triglyceride (mg/dl) 2059+ 83.5 1954 £ 64.6 0.944
LDL-c (mg/dl) 107.9 £25.2 109.5 £27.2 0.446
HDL-c (mg/dl) 40.0+13.9 44.6+13.0 0.001

Table Ill. Comparison of systolic and diastolic blood pressure, pro-oxidants, and anti-oxidants of patients before and after treatment.

Parameters Before treatment After treatment P
SBP? 157.5+44.2 121.5+244 <0.001
DBP* 955+ 11.1 80.4 +10.3 <0.001
TAC® 1.4+0.2 1.7+04 <0.001
TOS¢ 9.5+45 72+1.1 <0.001
OSI 7.1+£32 50+0.8 <0.001
SH Groupsd 0.22 £0.01 0.33£0.02 <0.001

*mmHg; Pumol Trolox Eqv./L; ‘umol H,0, Eqv./L; ‘mmol/L.
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Figure 2. Change in BP with Losartan therapy. BT: Before Treatment; AT: After Treatment.

Discussion

Among ESRD patients, the balance between
pro-oxidant and anti-oxidant capacity is shifted to-
wards excess oxidative stress. Several deficiencies
in different components of the anti-oxidant de-
fence mechanisms such as reduced levels of vita-
min C (due to dietary restriction in order to protect
from hyperkalaemia, and losses during dialysis),
reduced intracellular levels of vitamin E, reduced
selenium concentrations and deficiency in the
GSH scavenging system have been demonstrat-
ed®!%, Moreover, pro-oxidant activity is increased
because of demographic characteristics of the pa-

tients suffering from ESRD, such as advanced age,
diabetes mellitus, and hypertension, uremia,
chronic infections and inflammatory status and
factors associated with treatment. Also hemodialy-
sis (HD) contributes to excess oxidative stres be-
cause of factors such as membrane bio-incompati-
bility, dialysis solutions and endotoxin chal-
lenge!"!2. During HD, a direct increase in blood
levels of ROS has been demonstrated!!.

Ocxidative stress contributes to patients mor-
bidity, and mortality. It is believed that oxidative
stress promotes endothelial dysfunction and ath-
erosclerosis and, therefore, cardiovascular com-
plications. Among several qualitative changes in

p <0.001

p <0.001
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Figure 3. Comparison of pro-oxidants, and anti-oxidants of patients before (BT) and after treatment (AT). BT: Before treat-

ment; AT: After treatment.
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LDL among dialysis patients, increased levels of
oxidized LDL and elevated titres of anti-oxidized
LDL antibodies can be found". Another possible
mechanism may be an increase in oxidative
stress and elicitation of inflammatory reactions
induced by angiotensin II (Ang II)°. Indeed, inhi-
bition of the renin—angiotensin system with
ACEIs or ARBs in diabetes patients has now
been well documented to decrease albuminuria
and improve cardiovascular remodelling'.

The relationship between malonyldialdehyde
levels as an indicator of oxidative stress and the
development of atherosclerosis was demonstrated
recently in a cross-sectional study in dialysis pa-
tients'*. Like these results, we found an increas-
ing in levels of pro-oxidants, TOS and OSI, and a
decrease in levels of anti-oxidants, TAC and SH
groups among our patients. In comparing with
age and gender matched controls, SH groups was
0.21+0.02, TAC: 1.3+0.3, TOS was 9.8+4.5, OSI
was 7.6+3.6, among patients and those parame-
tres were 0.33+0.05, 1.8+1.5, 6.5+3.2, and
3.6x1.5 respectively among controls (p < 0.001).
These findings suggested us that once more, pa-
tients with ESRD are exposed to an excess of ox-
idative stress with a decreased antioxidant de-
fence mechanism.

Nowaday, it is popular to research new there-
upatic approaches for reducing oxidative stres, and
CVE among ESRD patients. While antioxidants
have not reduced CVE among general population,
two clinical trials reported that use of antioxidants
decrease morbidity and mortality in ESRD pa-
tients™!°. Angiotensin Il (Ang II) has been shown
to increase ROS levels in animal studies, via stim-
ulation of NADPH oxidase activity'®!’, and hu-
man studies have supported these effects!”!8. Ang
II has also been implicated in upregulating the ex-
pression of the lectin-like oxidized low-density
lipoprotein receptor-1 (LOX-1) receptor, which is
specific for oxidized LDL cholesterol. Inhibition
of the generation of Ang II, whether by ACEI or
ARB, should therefore attenuate these deleterious
processes for organism. Onozato et al'®, showed
that ACEI decreased proteinuria through inhibition
of renal NADPH oxidase in rats with diabetic
nephropathy, and like these results in their studies
Fan et al*®, have shown that Candesartan, an ARB,
decreased advanced glycosulated and products
(AGESs) formation and oxidative stres in rats with
diabetic nephropathies.

However, no prospective epidemiological
studies are yet available to confirm a link be-
tween the extent of oxidative stress and patient’s
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outcome among ESRD population ARBs and
ACEIs are the most popular drugs preffered to
correct this deleterious affects of excess oxida-
tive stress. Nephroprotective effects of ACE in-
hibitors are well known, but the mechanisms un-
derlying these favorable effects are not fully un-
derstood. These compounds also may have many
metabolic actions in diabetic tissues, independent
of their hemodynamic effects. ACE inhibitors
have been shown to reduce lipid peroxidation in
diabetic rat tissues?!, enhance antioxidant defens-
es in mouse tissues? and erythrocytes of type 2
diabetic patients®’. As ACEIs, a new class of
drugs, ARBs, also decrease albuminuria in dia-
betic patients®*?. As it was shown by our study,
ARBs may be contribute these positive effects by
improving oxidative stress among suffered popu-
lation, especially ESRD patients.

Atherosclerosis is an inflammatory and a de-
generative process, and traditional risk factors
alone cannot explain the elevated prevalence of
CVE and stroke in patients with ESRD. Non-tra-
dititional risk factors, including activated com-
plement, elevated such as C-RP acute phase reac-
tans, and play an important role in the pro-ather-
osclerotic process. As increased oxidative stress
and inflammation are both common features of
ESRD, it has been speculated that there may be
an association between them and endothelial dys-
function, contributing to an increased risk for
CVE. Furthermore, oxidative stress may also
stimulate an inflammatory response. Interesting-
ly, several recent clinical studies suggest that ox-
idative stress and inflammation may be linked in
ESRD patients. First, Nguyen-Khoa et al*® ob-
served that the presence of inflammation and the
duration of dialysis are the most important deter-
minants of oxidative stress in HD patients. Sec-
ondly, an association between F,-isoprostanes
and C-RP levels has been reported recently in
HD patients?. Thirdly, in a study by Mezzano et
al®®, in which 64 patients with advanced ESRD
were studied, a significant positive correlation
was found between acute phase proteins and
markers of oxidative stress. Finally, it has been
demonstrated that advanced oxidation protein
products (AOPPs) act as mediators of oxidative
stress and monocyte respiratory burst, which
points to monocytes as both targets and actors in
the immune dysregulation associated with
ESRD¥. Zhang et al*® has shown that elevated
leukocyte count and blood MPO levels are asso-
ciated with the presence of coronary artery dis-
ease in a group of non-renal patients. Moreover,
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a study has shown that a functional variant of the
MPO gene is associated with cardiovascular dis-
ease in ESRD patients®!, and these results may
support the link between inflammation, oxidative
stress and endothelial dysfunction in ESRD pa-
tients. In this study our patients had higher levels
of C-RP (vs), ferritin (vs), and fibrinogen (vs)
supporting the elevated inflammation among pa-
tients with ESRD, and after treatment it was seen
that the plasma levels of the markers of inflam-
mation were reduced statistically by Losartan
therapy. It was considered that Losartan may
have beneficial affects on elevated inflammation
among ESRD patients.

In recent study, when compared with the be-
ginning of the study among all of patients, while
the plasma levels of pro-oxidants, TOS and OSI,
reduced (p < 0.001), the plasma levels of anti-ox-
idants, TAC and SH increased. Although their
nephroprotective effects of ARBs were attributed
to hemodynamic changes, the exact mechanism
of action is not clear. Some reports indicate an-
tioxidant effects of these drugs in non-diabetic
rats’>**, Tandon et al** showed that controlling
HT improved oxidative stres in patients with HT.
Among their patients while the levels of pro-oxi-
dants, MDA, decreased with antihypertensive
therapy, the levels of plasma superoxide dismu-
tase increased. Our results agreed with Tandon et
al findings. Among our patients there was a sig-
nificant decrease in systolic and diastolic blood
pressure, and a decrease in pro-oxidants, and an
increase in anti-oxidants accompanied to this im-
provment in HT. Ogawa et al'* suggested that the
antioxidant effects of ARB were independent
from antihypertensive effect. Whether controlling
HT improves oxidative stress, or improving ox-
idative stress controls HT and it’s complications,
Losartan has benefical effects on oxidative status
and controlling HT among ESRD patients. In this
view, we thought that both of these two situations
interacted with each other, and improved cardio-
vascuar complications, and elevated chronic mi-
croinflammatory status associated with oxidative
stress among ESRD patients.

Conclusions

ESRD is a condition associated with in-
creased, oxidative stress, reduced antioxidant sta-
tus, and elevated microinflammation. Although
having no control group for patients using Losar-
tan limits the value of this study, we think that

Losartan was an effective agent in controlling
blood pressure, improving microinflammation,
and oxidative stress through decreasing plasma
levels of pro-oxidants and increasing anti-oxi-
dants among non-diabetic ESRD patients, treated
with hemodialysis. So ARBs may be a new thera-
peutic agent for improving oxidative stress, asso-
ciated morbidity and mortality in this population.
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