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Rationale and Background.:

Premature atherosclerosis is one of the primary causes of morbidity and mortality
in patients with chronic renal insufficiency although the mechanisms responsible
for this excessive cardiovascular risk are not completely understood (Jungers et
al.,2000)

Patients with chronic renal failure (CRF) have three to five times higher
likelihood of having a cardiovascular event than the general population (Locatelli
F, et al.,2000 ) and this likelihood is 3.5 to 50 times in hemodialysis patients.
(Brunner FP, Selwood NH .,1992)

Recent evidence from different non-renal patient groups, such as patients with
burn injury (Ritter et al., 2003), coronary artery disease (Heitzer et al.,2001) and
congestive heart failure (Tsutsui et al.,2002), demonstrates that various surrogate
markers of oxidative stress parameters predict mortality, but data from the renal
patient population are scarce

Much recent evidence suggests that ESRD is a disease state characterized by
increased oxidative stress, and it has been speculated that oxidative stress may be
a potentially important source of cardiovascular morbidity and mortality in this
patient population (Himmelfarb et al.,2002, Locatelli et al.,2003)

Oxidative stress is defined as the tissue damage resulting from an imbalance
between an excessive generation of oxidant compounds and insufficient anti-
oxidant defence mechanisms (Sies ,1997)

Generation of oxidative compounds is physiologically relevant as an important
step in inflammation and tissue repair processes. Therefore, it represents part of
the defense mechanisms against invading microorganisms and malignant cells, as
well as of tissue healing and remodelling. On the other hand, an improper, or
maladaptive, activation of oxidative processes may be chronically present in
pathological situations, such as uraemia, contributing to cell and tissue injury
(Handelman .,2000)

ESRD patients are characterized by an imbalance between pro-oxidant and anti-
oxidant factors, and increased oxidant stress has been associated with typical
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complications of ESRD such as atherosclerosis and B,-microglobulin amyloidosis
(Descamps et al.,2001). Previous studies showed that hemodialysis (HD) patients
are in a state of increased oxidative stress which may constitute a pathway for
accelerated atherosclerosis in this group (Pawlak et al.,2004; Pawlak et
al.,2003)

Cigarette smoke is a potent exogenous source of oxidative stress in humans
because of the inflammatory response it induces and the free radicals present in
smoke (Alberg .,2002). In fact, a puff of cigarette smoke contains 10** and 10"
free radicals in the tar and gas phases, respectively (Church and & Pryor 1985)

Vitro investigations have consistently demonstrated that cigarette smoke depletes
plasma of vitamin E as well as other antioxidants (Leonard et al., 2003)

Smoking might theoretically initiate renal disease because it adversely affects
renal function in healthy subjects (Tozawa et al.,2002, Ritz et al.,2000).There is
a growing consensus that vascular risk factors such as smoking, hypertension, and
hyperlipidemia act as promoters of preexisting renal disease regardless of the
underlying cause (Ruggenenti et al., 2001). Smoking induces both systemic and
intrarenal hemodynamic alterations that can be significant for renal disease
progression. Smoking may also injure the kidneys by damaging the renal
microvasculature through oxidative stress, reduced nitric oxide generation, and
increased endothelin plasma concentration. Smoking-induced tubular cell
dysfunction may further contribute to tubulointerstitial injury and progression of
CRF (Orth ,2000).

Increased oxidative stress can also cause oxidation of proteins, lipids, and DNA,
and peroxynitrite can nitrosylate tyrosine residues in proteins, all of which may
lead to molecular and cellular dysfunction (Wattanapitayakul et al.,2000)

Of the compounds with terminal carbonyl groups that result from lipid
peroxidation, malondialdehyde (MDA) is widely used as an index of oxidative
damage.( Draper and Hadley .,1990)

Oxidants in cigarette smoke extract can pass through the pulmonary alveolar wall
into the blood and induce systemic oxidative stress, which most likely facilitates

oxidative modification of LDL and endothelial dysfunction, explaining early key
events in the development of atherosclerosis (Yu Yamaguchi et al.,2007)


http://jasn.asnjournals.org/cgi/content/full/15/8/2178#R29-150830

Healthy people are protected against free radicals by several defense mechanisms,
of which GSH (glutathione) is the most important intracellular scavenger of free
radicals. GSH serves as a reductant in oxidation reactions resulting in the
formation of oxidized GSH. Therefore decreased GSH levels and increased
oxidized GSH levels may reflect depletion of the antioxidant reserve (Halliwell
and Gutteridge, 1999) GSH is involved in the protection from dangerous effects
of free radicals (Yoshida et al 1995) .Hence , GSH is emerging as one of the
fundamental antioxidant defense mechanisms in oxidant-induced injury and
inflammation(Halil et al.,2006)

Among insulin-and non—insulin-dependent patients with diabetes, smoking seems
to be an independent risk factor for nephropathy and accelerates the rate of
progression of renal failure (Orth ,2000).

In hypertensive patients, smoking independently increases the risk for
albuminuria and may cause decline of renal function (Regalado et al.,2000). The
role of smoking in primary renal diseases is less known, but studies have
indicated a relation with the development of proteinuria in patients with
polycystic kidney disease (Chapman et al.,1994) and deterioration of renal
function in patients with lupus nephritis, polycystic kidney disease, and
glomerulonephritis (Orth et al.,1998 and Stengel et al.,2000).

The mechanisms of smoking-induced renal damage are only partly understood
and comprise acute hemodynamic (e.g., increase in BP and presumably
intraglomerular pressure) and chronic effects (e.g., endothelial cell dysfunction).
Renal failure perse leads to an increased cardiovascular risk. The latter is further
aggravated by smoking. (Orth., 2004)

Aim of Work;

The present study will compare the effect on plasma antioxidant and oxidant
concentrations in two groups of renal failure patients on dialysis; one group
includes the active smokers and the other one includes the non—smokers patients.

Another control group will be included in the study those are non-smoker
healthy volunteers.



Subjects and Methods:

The present study is planned to assess the blood levels of the water soluble
antioxidant (glutathione peroxidase) and the oxidant (malondialdehyde) in the
following groups:

Group (1): 15 male subjects who are active smokers with chronic renal failure on
regular haemodialysis

Group (2): 15 male subjects who are non-smokes with chronic renal failure on
regular haemodialysis

Group (3): 15 male subjects who are non smokers and not exposed to other
people’s smoke and serves as controls

In a trial to find any alteration in the levels or activities of glutathione peroxidase
and malondialdehyde

Criteria of selection:

o All patients will be non diabetic

e All patients will be having a 4-hourly haemodialysis sessions thrice weekly
using polysulfone membranes for at least 6 months prior to the study

e All subjects are going to be males in order to avoid the effect of gender on
some of the parameters that will be investigated e.g. glutathione peroxidase
(GPX) which is higher in females than males (Andersen et al., 1997).

o All patients and controls will not be receiving antioxidant therapy
Methods:
All the patients and control individuals will be subjected to the following:
1. Detailed history.
2. Complete physical examination.

3. Routine laboratory investigations.



. Subjects will be asked to fill in a self-completion questionnaire giving
details about their smoking habits and to provide blood samples. Free
consent for the biochemical tests will be obtained.

. Blood samples of each participant will be analyzed after an overnight
fasting and abstinence from smoking to assess the plasma concentration of
malondialdehyde (oxidant) and glutathione peroxidase (antioxidant).

References

Alberg, A. (2002) The influence of cigarette smoking on circulating
concentrations of antioxidant micronutrients. Toxicology 180:121-137.
AndersenHR;Nielsen JB;Nielsen F;and Grandjean P (1997): Antioxidative
enzyme activities in human erythrocytes . Clin. Chem., 46 (4): 562-68

Brunner FP, Selwood NH: Profile of patients on RRT in Europe and death
rates due to major causes of death groups.The EDTA Registration
Committee. Kidney Int (Supl. 38): S4-15, 1992

Chapman AB, Johnson AM, Gabow PA, Schrier RW: Overt proteinuria and
microalbuminuria in autosomal dominant polycystic kidney disease. J Am
Soc Nephrol 5: 1349-1354, 1994

Church, D. F. & Pryor, W. A. (1985) Free-radical chemistry of cigarette
smoke and its toxicological implications. Environ. Health Perspect. 64:111-
126

Descamps-Latscha B, Drieke T, Witko-Sarsat V. Dialysis-induced
oxidative stress: biological aspects, clinical consequences, and therapy.
Semin Dial 2001; 14:193-199

Draper H, Hadley M. Malondialdehyde determination as index of lipid
peroxidation. Methods Enzymol 1990; 186: 421 — 431.

Halil Tanriverdi, Harun Evrengul, Omur Kuru, Seyhan Tanriverdi, Deniz
Seleci, Yasar Enli, H Asuman Kaftan, Mustafa Kili¢.Cigarette Smoking
Induced Oxidative Stress may Impair Endothelial Function and Coronary
Blood Flow in Angiographically Normal Coronary ArteriesCirc J 2006; 70:
593 -599

Halliwell B, Gutteridge JMC. Free Radicals in biology and medicine, 3rd
edn. Oxford: Oxford University Press, 1999; 140 — 163.



Handelman GJ. Evaluation of oxidant stress in dialysis patients. Blood Purif
2000; 18:343-349

Heitzer T, Schlinzig T, Krohn K, Meinertz T, Munzel T. Endothelial
dysfunction, oxidative stress, and risk of cardiovascular events in patients
with coronary artery disease. Circulation 2001; 104: 2673-2678
Himmelfarb J, Stenvinkel P, Ikizler TA, Hakim RM. The elephant of
uremia: oxidative stress as a unifying concept of cardiovascular disease in
uremia. Kidney Int 2002; 62: 1524-1538

Jungers P, Nguyen-Khoa T, Joly D, Choukroun G, Witko-Sarsat V, Massy ZA.
Atherosclerotic complications in chronic renal failure: epidemiology and
predictive factors. Adv Nephrol Necker Hosp2000; 30:177-199

Leonard, S. W., Bruno, R. S., Paterson, E., Schock, B. C., Atkinson, J.,
Bray, T. M., Cross, C. E. & Traber, M. G. (2003) 5-Nitro-r-tocopherol
increases in human plasma exposed to cigarette smoke in vitro and in vivo.
Free Radic. Biol. Med. 35:1560-1567.

Locatelli F, Canaud B, Eckardt KU, Stenvinkel P, Wanner C, Zoccali C.
Oxidative stress in end-stage renal disease: an emerging threat to patient
outcome. Nephrol Dial Transplant 2003; 18: 1272-1280

Locatelli F, Marcelli D, Conte F, D'Amico M, Del Vecchio L, Limido A,
Malberti F, Spotti D: Cardiovascular disease in chronic renal failure: the
challenge continues. Nephrol Dial Transplant 15 (Supl. 5): S69-580, 2000.
Orth SR, Stockmann A, Conradt C, Ritz E, Ferro M, Kreusser W, Piccoli G,
Rambausek M, Roccatello D, Schafer K, Sieberth HG, Wanner C,
Watschinger B, Zucchelli P: Smoking as a risk factor for end-stage renal
failure in men with primary renal disease. Kidney Int 54: 926-931, 1998
Orth SR: Smoking—A renal risk factor. Nephron 86: 12—26, 2000

Pawlak K, Naumnik B, Brz::sko S et al: Oxidative stress — a link between
endothelial injury, coagulation activation and atherosclerosis in
haemodialysis patients. Am J Nephrol, 2004; 24: 154-61

Pawlak K, Borawski J, Naumnik B, Mysliwiec M: Relationship between
oxidative stress and extrinsic coagulation pathway in haemodialysed
patients. Thromb Res, 2003; 109: 247-51

Regalado M, Yang S, Wesson DE: Cigarette smoking is associated with
augmented progression of renal insufficiency in severe essential
hypertension. Am J Kidney Dis 35: 687—694, 2000



Ritter C, Andrades M, Guerreiro M et al. Plasma oxidative parameters and
mortality in patients with severe burn injury. Intensive Care Med 2003; 29:
1380-1383

Ritz E, Ogata H, Orth SR: Smoking: A factor promoting onset and
progression of diabetic nephropathy. Diabetes Metab 26: 54-63, 2000
Ruggenenti P, Schieppati A, Remuzzi G: Progression, remission, regression
of chronic renal diseases. Lancet 357: 1601-1608, 2001

Sies H. Oxidants and antioxidants. Exp Physiol 1997; 82:291-295

Stengel B, Couchoud C, Cenee S, Hemon D: Age, blood pressure and
smoking effects on chronic renal failure in primary glomerular
nephropathies. Kidney Int 57: 2519-2526, 2000

Stephan R. Orth Effects of Smoking on Systemic and Intrarenal
Hemodynamics: Influence on Renal Function J Am Soc Nephrol 15:S58-
S63, 2004

Tozawa M, Iseki K, Iseki C, Oshiro S, Ikemiya Y, Takishita S: Influence of
smoking and obesity on the development of proteinuria. Kidney Int 62:
956962, 2002

Tsutsui T, Tsutamoto T, Wada A et al. Plasma oxidized low-density
lipoprotein as a prognostic predictor in patients with chronic heart failure. J
Am Coll Cardiol 2002; 39: 957-962

Wattanapitayakul SK, Weinstein DM, Holycross BJ, Bauer JA. Endothelial
dysfunction and peroxynitrite formation are early events in angiotensin-
induced cardiovascular disorders. FASEB J 2000; 14: 271 — 278.

Yoshida K, Hirokawa J, Tagami S, Kawakami Y, Urata Y, Kondo T, et al.
Weakened cellular scavenging activity against oxidative stress in diabetes
mellitus: Regulation of glutathione synthesis and efflux. Diabetologia 1995;
38: 201- 210.

Yu Yamaguchi, Fumiko Nasu, Atsuko Harada, and Masaru Kunitomo
Oxidants in the Gas Phase of Cigarette Smoke Pass Through the Lung
Alveolar Wall and Raise Systemic Oxidative StressJ Pharmacol Sci 103,
275 — 282 (2007)



g:‘)"j‘ uadlall

sl el () (5352 28 Laa o Sl iy 5all LanS | ) o ot i) i (8o all o)) il

goaS gall ) gall Ao il 3 e sl (6 6N Qi oza e 8 (s sell Jread) & jLi Sl aalisg
32 3ol

S A 028U Baliaall cilay 1Y) Llis 5 aall Lo 3D A 320SY) Cilaliae 38 53 sl Gaad) ¢ L3,
e, SIS G saall Joual) luda it (6 6ISI Jill (aim je (e (pidda aadl 5 Gidaall 6] jaall aall
IS Al e ) gilay W 5 (idaall e A Ll

Giluda a5 KN L) i g (e lsilay 5 pifaall e 3 8 15 Jadii Cogur (1 gY) 48 gaaall

& el plaainyl
claat) cluda it 5 (5l Jaal) e ) gilay K1 5 sian Y 258 15 Jeds: 4l de gasall
5 gall

(ahilall 4 sandll) Gridae je 5 5 oI Jdll (e ) gy ¥ elanal 348 15 Jads; 451 ) de ganall
Sn (k| BEPPRARPN S EN RN PR
; ‘ ; 5 Al sl G e (o8 e 2 ages (1)
Al Hed) 6 33l JBY) e dse gunl il &30 Cilebu 4 Juig IS Q8 a0 (2)
Osal sladl o as g4y Laiall Jule aﬁiﬂdlhj”shl\wubw&)fJ\;(g)
Ja i haie elull (b S0 s
02 salian 4y 50l 44 agia (sl alaiy Y 45D Cile gandll (4)
9 0mS 5 o 05U slal) e Jee & 5 433U Cile senall 48T 4isi o ) Jallas Joe oy g
e alia (5 soall Qo)) sda J 5 jiladl (e i ey 220 Sl

Al ) e dagd)

Al 5 Y e sanall (& Al sauSOU saliadll g oanS gall 3 gall i ol 48Me 3 s g Al glaa
Oa i Vs Lidne el A de gaall g (5 seall eliiaind) Cilula a5 5 5K (il i sl
Ol o S Lal)




o 5 Omidaall B BausdU Faldaall g 3o gall Jal gl
sliaind) cluda cial o ol<l) JE8Y ol pa Cpa Cpidaall
,‘534&

Al
e (5 Aaala — bl 40

A
cidal g 4 dalal / ol
3_alal) daals Aikaly jiuale

PR RN
aaa Glaglas puly /5 g3Sal) i)
alall 2K IS 5 Aakald) ) 60
e (e Axala

S Il aaad) Le 14y 0a /) giSall ALY
ulall A0S KN g Askalal) ) i€ Al
e (e Axala

gual) mlla Glay) /5880
Cadall A0S Al L b By (e y2a
ouadi (e daala - lal) A8
2007

10



Contents

Chapter Page
1 | Introduction and Aim of the Work 1

Review of literature
2 | Chapter 1: Oxidative Stress 5
3 | Chapter 2: Oxidants and Antioxidants 13
4 | Chapter 3: Renal Failure and Oxidative Stress 31
5 |Chapter 4: Smoking and Oxidative Stress 37
6 |Subjects and Methods 43
7 | Results 49
8 | Discussion 63
9 |Summary and Conclusions 69
10 | Recommendations 72
11 | References 73
12 | Arabic Summary 106




List of Tables

non smokers group

No. |Table Page
1 | Producers and Destroyers of Reactive Oxygen Species 10
2 | Demographic characteristics of subjects 50
3 | Age of different groups 50
4 | Duration of dialysis of studied groups 51
5 | Clinical associated diseases in different group 51
6 | Glutathione peroxidase for studied groups 52
7 | Malondialdehyde for studied groups 53
8 | Hemoglobin for studied groups 54
9 | Comparison of different studied parameters between| 55
control and smoker groups

10 | Comparison of different studied parameters between| 56
control and non smoker groups

11 | Comparison of different studied parameters between| 57
smoker and non smoker groups

12 | Correlations between different parameters studied in| 58
control group

13 | Correlations between different parameters studied in| 59
smokers group

14 | Correlations between different parameters studied in| 61




List of Figures

Chapter Page
1 | Reactive oxygen species metabolism: gradual addition 5

of electrons reducing molecular oxygen
2 | Age of different groups 50
3 | Duration of dialysis of studied groups 51
4 | Glutathione peroxidase for studied groups 52
5 |Malondialdehyde for studied groups 53
6 |Hemoglobin for studied groups 54




List of Abbreviations

Abbrev
ACS | Active cigarette smoking
AM Alveolar macrophage
BALF |bronchoalveolar lavage fluid
BH, | Tetrahydrobiopterin
CHD | Congestive heart disease
CRF | Chronic renal failure
CRI Chronic renal insufficiency
CS Cigarette Smoking.
CVD |Cardiovascular
DHBA |2,3-dihydorxybenzoic acid
ELF | Epithelial lining fluid
Epo Erythropoietin
ERK |extracellular-signal regulated kinases (Erk1/2)
ESKD | End stage kidney disease
ESRD |End stage renal disease
FAD |flavin adenine dinucleotide
FMN |flavin mononucleotide
GPx | Glutathione peroxidase
GSH | Glutathione
GSSG | Glutathione disulfide
HD Hemodialysis
HMG | 3-hydroxy-3-methylglutaryl.
IL-6 |INTERLEUKIN-6
IFN-y | Interferon gamma.
JNK | Jun N-terminal kinase

LDL |Low Density Lipoprotein

LPS |Lipopolysaccharide

LTB, |leukotriene B, ( D4 Ey)
MAPK | mitogen-activated protein kinases
MDA | Malondialdehyde

MPO | Myeloperoxidase.

MPT | Mitochondrial permeability transition




NADPH | Nicotinamide Adenine Dinucleotide PHosphate
NE Neutrophil elastase
NO Nitric oxide
NOS | Nitric oxide synthase
NXY- | (disodium4-[(tert-butylimino)-methyl]benzene-1,3-
059 disulfonate N-oxide)
PARG |Poly(ADP-ribose) glycohydrolase
PBN | A-phenyl-N-t-butyl-nitrone
PMNs | polymorphonuclear neutrophils
ROS | Reactive oxygen species
RNS | Reactive nitrogen species
RRT | Renal replacement therapy
SOD |Superoxide dismutase
TBARS | Thiobarbituric acid reactive substances
TEAC |Trolox equivalent antioxidant capacity
TNF-o. | Tumor necrosis factor-alpha
UCP | Uncoupling proteins
XDH | Xanthine dehydrogenase
X0 Xanthine oxidase

XOR

Xanthine oxidoreductase




