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REVIEW 

Antioxidants in the Preventiomii of 
Renal Disease 

E Nigel Wardle, MD 

Oxford, Englnnd 

ABSTRACT 

In view of the role ?f oxitlntive processes in inflicfing tlanrage that 
leacis to glon~erulosclerosis and renal irretlullarv irilerstitialfihrosis, iitore 
attention could be paid to the use of nnfioxidnrit Jiwd constituents a,vd the 
usage of drugs with recognized antioxidant potentid I n  an,v cnse athero- 
sclerosis is an important component of chronic r e m l  ciistwses. lhere i s  (1  

wide choice of foods and drugs that could confer benLlfir'. Supplementa- 
tion with vitamins E and Cn use o f s c y  protein clicf.s nnti drinking green 
tea could be stiflcient to confer reinarkable iniprrmenients. 

Key words Antioxidants. Inflammation. Glomerulonephrihs €'yelone- 
phntis. Chroiuc renal failure, Atheroma q-tolunes Nutntion 

OXIDATIVE PROCESSES AND RENAIL DAMAGE 

In the course of an inflammatoq process reactive oxygen species (ROS) arise from the 
activities of various enzymes (I) .  such as the NADPH osidases. cycloosygenases and 
l ipqgenases,  the nitric oxide synthetases, 'uanthline oxidarx: and the niitochondnal respi- 
ratolry chain. Various articles attest to the importance of damage by oxidative processes in 
glomerular inflammation (2-5). in ischemia-reperfusion of the renal tubules (6). and in 
induction of fibrosis of the renal interstiti~un (7.8). 

Ckidative processes cause the liberation from glomerular cells of eicosnoilds. clrlokines 
and growth factors and they promote the activities of proitcases ( S ) .  Thus once they are 
released, they m a p @  the extent of inflammation and the ensuing tendency to fibrosis 
(9). It is recognized that oxidation activates transcription Eictor NF-kappa B that deter- 
mines release of cytokines. release of proteol\rtic enzymes and expression of tissue factor 
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thromboplastin (1,lO). Hydrogen peroxide and other oxidants also activate Ras GTPase 
(1.11) and the mitogen activated protein lanases (1) (MAPK). The transcription facto AP- 
1, composed of jun and fos gene products, is redox regulated (1). and is implicated in 
growth factor stimulated cell growth. 

General mechanisms of oxidant damage to tissues and the need for tissue antioxidants 
have been reviewed by Halliwell (12). During glomerular inflammation ROS arise from 
the activities of phagocytes (13--14), and as a result of complement inflicted injury (15). 
It has been suggested that when there is glomerular hyperperfusion that means that fluid 
shear in the capillaries will cause ROS formation that will alter the structure of the vas- 
cular endothelium so that there is ensuing proteinuria. At that stage there is vasoconstric- 
tion, and on the endothelium there is &splay of procoagulant molecules and adhesion 
molecules for leucocytes. With time tlus is followed by a state of hypoperfusion during 
which glomerulosclerosis and renal interstitial fibrosis become ( 16) established. Certainly 
ROS alter the heparan sulfate proteoglycans of glomerular endothelial cells so that pro- 
teinuria ensues (17). Also ROS activate enzymes released by neutrophils, such as colla- 
genase and gelatinase. so that proteinuria results from GBM digestion (5). Furthemiore 
priming of neutrophds by peroxynitrite, created by interaction of ROS and nitric oxide, 
leads an enhanced local inflammatory response (18). In stu&es of passive Heymann ne- 
phntis, Kerjaschlu (19) has detailed how onset of proteinuria is caused by the generation 
of ROS following insertion of C5b-9 into membranes of glomerular podocytes. 

There is now much information concerning the oxidation of lipoproteins and how it 
explains atherogenesis and the genesis of glomerulosclerosis (20). Lipoproteins are oxi- 
dised by means of ROS, by free and metal bound ions, by 15-lipoxygenase in endothe- 
lium, and by the action of myeloperoxidase (21) that is liberated in arterial walls or in 
glomeruli. Peroxynitrite that is formed in plasma or in tissues contributes. Minimally 
moMied LDL is enough to activate NF-Kappa B within cells. This reminds us that the 
effects of oxidation products on cellular responses can be as important in the progression 
of glomerular diseases as the initiating process (22). 

It is realized too that production of oxidants in the course of inflammation will cause 
apoptosis of glomerular cells (23) and of infiltrating leucocyqes (24). It has been demon- 
strated that 11-1 sensitizes glomerular cells to oxidant induced apoptosis by virtue of de- 
pression of hsp-70 (25). Anv lowering of intracellular glutathione facilitates apoptosis 
(26). It is more easily demonstrable in non-renal tissue that lipid hydroperoxides can 
cause apoptosis (27). 

General Usage of Anti-oxidants and Their Rationale 

One is familiar with the sale by health food stores of foods. vitamins and drugs for their 
antioxidant potential (28). Fruits, grains and vegetables will supply vitamins E and C, 
plant phenolics such as the flavanoids, and other putative anticancer agents (29). The 
antioxidant nutrients hold out the promise of a reduced incidence of cancer and im- 
provements in sunival (30). For example, eating 300 g m s  cooked brussel sprouts each 
day protects against oxidative damage to one’s DNA (31). One might prefer selenium 
supplementation. Selenium is a component of the glutathione peroxidases that are in- 
volved in removal of both hydrogen peroxide and lipid peroxides in tissues (32). 

There are campa~gns to promote antioxidants and trials of their use in prevention of 
atherosclerosis (33), and specifically the use of vitamin E to reduce the chance of coro- 
nary artery plaque rupture. At 400 IU per dav vitamin E increases the oxidative resistance 
of LDL. Allopurinol reduces lipoprotein oxidation as it is a free radical scavcnger (34). 
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Vitamin C can improve endothelial cell function in smokers ( 3 5 )  By it's iabiliq to en- 
hance formation of nitric oxide by endothelial cells. garlic inhibits platelet aggregation 
(36.37) Therefore one must recall that atherosckrosis is a lsigmficant component of dia- 
betic kidney disease and can be a problem in any nephrotic t';yndronie. 

Antioxidant enzymes like the superoxide hsmutases (MII:~OD or CuSOD) and catalase 
are important for the protection of the renal tubules (38). and indeed thej help to assuage 
rend tubular necrosis (39). SODS are present at low concentration in extracellular fluids 
and they bind to heparan sulfate proteoglycans on capillap cndothelial cells, so providmg 
a protecti\'c coat (38). Both SOD and catalase can be used to amcliorate injury in puro- 
mycin aminonucleoside nephrosis in rats (40). lntracellular reduced glutathone has an 
important antioxidant action and supports these cnzymes. fv'tctal bindmg proteins like the 
metallothoneins are important too in the renal tulbules for pi'otection of the DNA (4 1). 

What Can Antioxidants Do? 

I n  patients with chronic renal failure there is an increasc of plasma lipid peroxides and 
enhanced red cell lipperoxidation, as incasured by malon~-l&aldeh? de (IMDA). Such 
changes are iniproyed by a Ion protein diet of vegetable material with supplementary 
vitamins AE and C (42). 

I n  experimental situations one can control aspects of inlflamrnation by the use of N- 
acetylc!steine, 2 mercaptocthanol, dthiocarbamates (43 ). Iwtylated hydroxyanisolc. vi- 
tamin E. 2 I anuno steroids. or chelators of iron and coppa.. Antioxidants iidubit forma- 
tion of ROS by phagocytes (28) and inhibit indiiciblc nitnic: osidc synthase (iNOS) pro- 
duction by infiltrating macrophages (44). they iiilhibit 11- I induced c! cloosygenase to- 
gether with ]NOS in mesangial cells (45). and they can inhibit formation of cheniokines 
(46)1 and cytokines (37.48). 

In organ transplantation it has been demonstrated that aiiitiosidant vitamins reduce re- 
perfusion i n j q  of the kidney and endothelial ccll expression of ICAM-I leukoc?te adhc- 
sion molecule (49). Salahudeen et al. (50) have shown that uise of the antioxidant lazaroid 
(2 1-amino-steroid) U 74006F not only helps cold presenail.ion of the l a d m y  but its use 
results in fewer rejection cpisodes in a syngeneiic animal rlenal transplant model. These 
authors note how lazaroid reduces expression of cytolunes. reducw expression of MHC 
Class I1 antigens and reduces iNOS activity. TNFa exerts ils, action via NF-kB actilztion. 
Botlh ROS and RNIs (reactive nitrogen iIitermctliates) prcwoke release of cqtokines via 
NF-kB activation (51). but that effect can be offset by antioxidants. In rat studies it has 
been demonstrated how cyclosporin induces gloitierular forimation of ROIs. and that can 
be offset by means of vitamin E (52). 

One can expect phagocyte functions to be dampened. lridecd taurine (53) and N- 
acetylcysteine reduce the activity of NADPH oxi'dase (54). 'There is good reason to think 
that.. once bacteria have been eliminated. Welonephritic damage is perpetuated by phago- 
cytes via oxidant and cytokine release. and this might be cnrtailed by antioxidants (55 ) .  
Adjuvant enllancement of the immune response, a macrophage propensity. is suppressed 
(56) by some antioxidants. and so is the action of T lymplhocytes since JNK the c-Jun 
NH? terminal h a s e  is subject to antioxidant control (57). bet each antioxidant has to be 
assessed indnidually. The agent thioprolinc. an intracellular sulfhydpl antioxidant. will 
enhance imniune responses and prolong the life of aging mice ( 5 8 ) .  

Mlany glomerulonephntides are initiated by leukocyte iulfiltntion. Therefore it is of 
note that lung inflammation is suppressed by antioxidants ( 591, Leukocj-tc infiltration 
arises from the expression of adhesion molecule,s on vascul~ar endothelium (60). So one 
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notes that Ferran et al. (6 1) showed that mhibition of NF-kB by antioxidant blocks TNFa 
induction of adhesion molecules. N-acetylcysteine (62) or flavanoids (63) prevent endo- 
thelial cell activation and expression of adhesion molecules for leukocytes. Yet a cocktail 
of antioxidant vitamins was not noted to influence the expression of adhesion molecules 
in man (64), even though reactions to oxidsed LDL might be blocked in vitro (65). There 
are encouraging reports, both experimental and clinica1,that acute renal impairment asso- 
ciated with cholestasis or hepatic dsease can be ameliorated by the use of N- 
acetylcysteine (66), which is known to stop activation of NF-kB and thereby the acute 
cytokine response. 

Antioxidants act in various ways to prevent lipd peroxidation, albeit this is not their 
only way of conferring benefit. Firstly they prevent first chain initiation by scavenging 
initial radicals, such as hydroxyl radxals OW. Secondly, they bind metal ions, so pre- 
venting them from acting as peroxidation initiating species. Thxdly, they break radical 
chains so that intermediate peroxyl or allcoxyl radicals are scavenged, so preventing con- 
tinuing hydrogen abstrachon. Fourthly, they will decompose peroxides by converting 
them to non-radical products like alcohols. 

The Choice of Antioxidant Diet or Drugs 

In order to help patients we need to look at the choice of food antioxidants (67), ex- 
tracts of foodstuffs and antioxidant drugs. 

Can Antioxidants Contribute to Amelioration of Renal Disease? 

When one considers the numerous damaging reactions in which oxidation is implicated 
(2-6), the short answer must be that dietary antioxidants could be very useful, but meas- 
uring benefit might be difficult. When nephrologists recommend low protein &ets in or- 
der to ameliorate the course of progressive renal disease, they often do not specify ex- 
actly whch protein foods should be consumed. The potential of soyprotein (7 1) has hth- 
erto been overlooked. The isoflavones in that diet are akin to natural estrogens and are 
antioxidant (128,129), and there are plant phenolics like caffeic acid. Soyprotein has the 
added advantage that plasma cholesterol is lowered. 

Table 1 lists a wide variety of foods with antioxidant potential. Individuals vary in 
what in what they will choose to add to what might be a boring low protein (42) diet. 
There are herbals (79.80), Asian and Indian choices. Many of these foodstuffs could be 
refined and presented in another form, like cacao polyphenols that are in chocolate (1 30). 
If the aim is to reduce inflammation, as in the glomerulonephritides, one will note that 
curcumin (91) has been shown to block the expression of adhesion molecules like ICAM- 
1, ELAM-1 and VCAM-1 on endothelial cells (131). Of ten one aims to suppress ROS 
that contribute to the genesis of interstitial fibrosis of the kidneys (7). 

It is remarkable that ACE inhibitors &bit NP-kB (132) and thereby reduce the release 
of cytokines and growth factors. A lot of patients do not tolerate ACE1 drugs. In choosing 
other hypotensive agents, one might like to contemplate those with antioxidant potential. 
Some of the beta-blockers (127.133) and many calcium channel antagonists (123,124, 
134) have this potential, but one has to note that often the tissue that has been studied is 
myocardium and the data may not be exactly relevant. It is reported that nicardipine is a 
preventive antioxidant and veraparml is a chain-brealung antioxidant, but diltiazem has 
little effect (123). Yet the clinical facts are that ddtiazem and verapamil are the best cal- 
cium channel blockers for the prevention of glomerulosclerosis (1 35). 
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Table 1 

Choice ofhtioxidants 

Foods 

Experimental Agents 

Drugs 
Specific antioxidants 
Corticosteroid 
IH ypolipidemic 
IHRT agents 
Anticancer 
Antinflammatory 

Cardiovascular 

~ ~~ 

Vitanuns E, C or A (28-29). monn hydrate (68), vitamin K 
(6‘)) 

Soy protein meals (‘i’0,71), garlic (36.37). vegetable low pro- 
tein (42) chet, soy isoflavones (72), other phytooestrogens 
(73,74), polyphenols in green ti23 (75), chocolate (76). olive oil 
(77,78), rooperal &catecho1 (48). glabndm polyphenol in liq- 
uonce, brussel sprouts (3 1). p\-u slane leaf (79), imustard. haw- 
thorn drmk (SO), flawnoids (8 1.82), eg from apples (83), cit- 
rus f m t  (84). silymann (85). coumanns (83), Sandluka herbal 
drug (86), herbal mxtures, tocotnenols of palm oil, lycopene 
of tomato (88,89). spinach. stawbernes (90), guava, papaya 
fruits, curcumn from tunnmc (91). apocyanin (40H- 
inethoxy-acetophenone) from PI crorhva (92) 

Glutathione, N-acetylcysteine (54.62), dithiocarhamates in- 
hibit NF-kE3, taurine (53,93). DMTU ( I  .3 d1methiyl-2-thiourea) 
(94), urate (95). allopurinol(34)1, OPC 1.5 16 1-a pyradzinone- 
I-oxide (96). nitrosides (97), NIIGA, 5-lipoxygenase inhibitor 
(YS), 21 aminosteroicls (lazaroids) (99.10). ebselen ra&cal 
scavenger and glutatlnione peroxidase mimic (10 I ) ,  L-arginine 
(102), prostaglandm E2, gabexate mesilate (103), hydroxyeth- 
ylrutosides, pantothenic acid neopterin ( 104), ellagic acid 
(103), desferrioxamiine. 

Probucol(106--108) and thyronines like Leuniedin (109). 
\.ia the induction of Mn superoside dismutase 
troglitazone and analogues 
estradiol and medrox. yprogeste rme acetate 
tamoxifen 
dapsone (110.111). pentoxifvlliii (1 12-.114), dlpvridamole 
(1 15,116), heparins (1 17.1 18) 
some beta-blockers (1 1 9), in particular carvedhl (1 20.12 l), 
amlodpine (122), otlher Ca” bllockers eg verapailnil (125). in- 
dapamide (126), ACE inhibitors ( 127) eg captopril. enalapril. 
lisinopril, losartan, lovastatin. 
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The P - . d  adrenoreceptor blocker carved1101 with antioxidant potential (121), is known 
to protect against cardiovascular disease (135,137). In the rat remnant hdney model, 
carveddol was shown to protect against fibrosis, and yet in that situation no change in 
antioxidant status was shown (138)! So an antioxidant action is only part of the action of 
a drug and at the present time we do not know sufficient about the details. Indapamide, a 
Quretic related to chlorthalidone, is an effective alternative to ACE1 in the control of mi- 
croalbuminuria (139). Its antioxidant potential was thought to confer renal protection in 
hypertensive rats (140). 

So when one looks at the antiinflanunatoq agents does one know whether antioxidant 
potential matters? The theoretical expectation that it can. will not satisfy all. There is dap- 
sone that is used for Henoch-Schonlein purpura and other leukocytoclastic vasculitides 
(1 1 1, IS 1 ), and dipyridamole for nephritides (1 15,116) and pentoxifylline for vasculitides 
(1 14.141). Heparins are antiproliferative (142) for mesangial and smooth muscle cells. 
They are also antioxidant (1 17) but is that not a separate attribute? And might one con- 
sider L-argnine ( 102) to enhance formation of nitric oxide or nitroxides (97)? Well iso- 
sorbide &nitrate therapy is simpler ( 1  43). Local nitric oxide can certainly help suppress 
formation of new collagen (144). 

You will expect me to make a precise recommendation, but I am not a food chemist. 
Prior and Cao (145) have just published data that show that dmlung green tea is enough 
to satisfy the dietary antioxidant requirement. For the benefit of renal patients one can 
add a soy protein Qet. Choice of drugs is then a refinement but clearly more experimental 
data are required. 

REFERENCES 

I .  

2. 

3. 
4. 

5. 

6. 

7. 
8.  

9. 

10 
11 

12 

13 
14 

15 

Palmer RJ: Reactive o q g a i  species and antioxidants in signal transduction and gene e-Tression. .?'itfr 
Revs 55:353-61, 1997. 
Baliga R. Veda N, Shah SV: (kidant mechanisms in Glomaular Disease. Chap 4: p 135-151 in Cumwit 
Nephrology Ed. HC Gonick. Moshy. Year Book Inc., 1997. 
Diamond JR: Reactive oxygen species and progressibr glomrrular disease. 1,ah Invest 124:468-469, 1994. 
Johnson RJ, Lovett Z), L&rer RI. Cousn Wti. Klebanoff SJ: Role of oxidants and proteases in glomerular 
injury. Kidney Int 45:352-359. 1994. 
Shah SV: Role of readiw osTgm mrtaholites in espximen1al glommlar disease Kidne;, int 

P a h r  h'fS, Holddl JR. Pmis  TF: C)xqgen iiee radicals in isckmic acute renat failure in the rat. .I ( ' i i n  

Poli G, Parola XI: Oxidathe damage and fihrogenesis. free Hodical Bid  . / fed 22287- 305, 1997. 
Young MR. Young IS. Johnston SR. Rowlands B J  Lipid peroxidation assessment of' free radical produc- 
tion Ibllowingrelease o f  ohstrudi\e uropath?;. I llrology 156:1828-1832. 1996. 
X u  S l I .  Patel DD, Piuo  SV: Oxidised u2-mamoglohulin differmiially regulates receptor hitiding hy 
cytokines growth IaLtors: implications for tissue injury and repair mechanisms in inflammation. .I Ittirtize 
n o l o a  161:4356-4361, 1998. 
Hames PJ: Nuclear fador-kB. 1nt.J Biochem 29:867-870, 1997 
Irani K. t ioldschmidt-Clent PJ: Ras. superoxide and signal transdudion. Hiochern Pharmacrd 

~Ialliwcll B: Antioxidants: the hasics - what they are and how to evaluate them Chap 1 in htiouidants in 
Disease. Mechanisms and Therapy. Ed €I Sics Adv Phnrmacologj. 38:3-20, 1997. 
1,recman EM, Crapo JZ): Biology of disease: Free radicals and tissue injurq. Lob fnvrst 47.412-426. 1982. 
Sath K.1, Fischaeder R1. Hostetter TH: 'fie Iole of' oxidants in progrssive renal uijun. Kidnej Int 

.idler S. Baka PJ. Johnsoti RJ. O&i RF, Pritz.1 P. COUS~T WG: Complement nirmhrane attach complry 
sZlmulaten produdion of ROIs hv culturcd mesangial cells. .I <'/in fniwf 771762-767. 1986 

35:1093-1 106, 1989. 

Invest 74:1156-1164. 1984. 

5 5 :  1339-1 346, 1998. 

S45:Sl I I-SI 15, 1994. 



Antioxidants in Prevention of Rend Disease 587 

16. 

17. 

18. 

19 

20. 

21. 

22. 
2 3 .  

24. 

2 5 .  

26. 

27. 

28. 
29. 
30. 
31. 

32. 

33 

34 

35 

36 

37 

3X 

3'1 

40. 

41. 

42. 

43. 

44. 

45. 

Futsakul P, Sitprija V. 1-airudi S. Poshyaehinda hl. Scnsirivatana I<. Wataiia I>. Singhlura Y. Jungthira- 
panich J, Ftitrakul K: Glomt:rular mdofhelial dyshndion deterininzs disease progression: hypothesis. 
AinerJ:l'ephroiogy 17-53-540. 1997. 
Tay hl, Cornmer WS. Vassiliou P: ?he inhibitory adion of o.trgai iadical sr:avmgers on proteinuria and 
glonicmlar heparim sulahdte loss in the isolated ~ ~ t r f u s c d  kidtie?. f3;wht.m Jnr 20:767-78. 1990. 
Rohn TT, Nelson 1,K. Sipcs K. Suaki  SD, Jutila KL, Quinn ~l~I':.l 'rniiiiig of human neiutrophils h) per- 
oxqnitrite:potmtiaI role in tAiancenitnt ofthe local inllanmiator? rt::punsc. J 1,rirku Biul65:59-70.1999. 
Kerjaschhi I): Epitopes and radicals: earl\ e\ ents in gllomzriilar inJur> in manbranous ntphropath\. .LAP 

Herliiicr J . l  Heinachc JU' t.i.ecz Kudicul H i d  .I/& 
29:707-27, 1996 
Mal le  E. Woetickhaus C .  Wacg Ci. Esterhaua H. Gi-oii,,. € F. (iroric. IIJ: Iinniunt~logic ekdiaice liir h>po- 
chlorite mediated prolcuis in huni.in h i b i q .  ,4irier,J /'u//io/ 1 5 0  60.3--6 I S. 1997. 
Guijaaro C .  Keane U'F: I.ipid induced g lo in~~i l i i r  niltin. .q.ephton 6 7  : 1-6. 1994. 
Sugiyinia 11, Kashihara N. Rlahino H. Y a r n a s a h  1. Otn / .  Rracti\c cox?gen spcLies rnulucc apoptosis ui 
cullured hunian mcsangial cells. J,4intv Suc .\epht-fk>g)- 7:2357-2'3<15. 1996. 
SIcCord JX1: Super oxide r;idica- coritrovcrsies. coiitr idictions ;ind p . i r x h x ~ >  /'roc So<, f*,lp flioi ,t / i d  
209:l 12-17. 1995. 
Yoboo T, Kitamurd 11: 11-1 iiqxes'ses eqression ol'thc 70 1\11 lI!Sl' arid scnsilircs glomc~uldr cslls to 
oxidant initiated apoptosis. J iniimtnu/ogj 159:2RX6-2892. 1997. 
Fzranes KS. Cottzr X i :  .lp\poptosis and ncci-osis- intiaccllular le\eI:, ',)I glulatliioiie intluznce mode of cell 
death. Hiochetpl l'hi~r~~iuixil 48.075-81. 1996. 
Sandszrorn PA. Pardi I). I-chbey PlV. lhidzk Ki5'. 'I'aTaniiin 1)XI. Vdhs 'l'\t. Huttke .l'X: I.ipid hrdropar- 
oxidc induces apcptosis: luc.l\ of  inhihilion h> hcl-2 z\prcssion 
€IalliM ell H: .intioxidants in hinnan health dud disease. ,.Inn t< 
Block ( i .  Patterson E. Suhar A: i:ruit, \egdahles dnd ciiuic'cr pre\~ritioii. . I i i l i  I 'iu7ccr 2O:l-iY. 1992. 
O'Rritm I'J: .ktioxidants and c3ncet' molzcular mrchanisnw Ad) ,  b:\p .\led M i d  .360:2 15--239. 19% 
Verhagn, H. Poulsci) IlE. I.ofk S. van I'oppcl ( i .  U'illeins 211, \iiii Rladcrm P.1: Keducliun ol 'o\ idati \e 
1)X.i damage in humans hy hrusscl sprouts ( ' u ~ i  e s i s  16.960--070. 1095. 
I 'rsini I. Hindoli A: 'lhe roli. 0 1  sclenium pcm)\ in protedi:rii agaii ict  o\id;iti\e tiaiiiage of inm- 
bi-anes. ('hetn Physics Lipid,s 44-255-276. 19x7 
Ruring .K. Ilmnekais CH: 4ntioxidarit itamins and cardio\sscular diszaw .Yiiw/uon iiei:s 55:553-SZX. 
1997. 
1.apmna D. de (iioia S. Cioliiii 11. Cuccurollo 1:: .titioxidant a&\ it! 01' dllqxninul on  copper catalycd 
human lipoproteui o\;iddtioti !7. 'HS / .aft 409:265-2(~X. 1 W?. 
Mcitzm 7 ,  Just H. hIun/cl 7'. .\iitioxidant titamill C impm\e< ciidotliclial dysfiiiictron in chronic sinohcn 
Circiikitiun 94:6--9. I996 
Khaii N S .  Sooranna SK: Putait  activation olnitiic ohidc s:?mthdhc gdi-lic hasir Ii)r i t s  therapeutic dppli- 
cations (.irrrent .i/edicu/ /<ercwrch Opinion 13. 257-203. 19Y5. 
Prasad h. laxdal \' .k. 1-u \I. Raney HI ,: F.valuation oll'hydrox> -rad;ic;tl scavcmging pi-oprty of garlic. .\fd 

Ichihawa I. €+ma S. I~osh ioh~ i  1'- R m a l  mtio\idant m/ynic.r t h u r  gcmxation and function. Kidnej in/ 

Zurovsk? Y. Ifabtr C .intioxidants attcmuatc ~~idoto.rin-geiitanii~iii ind~iced iicutc ruial failui-c in rats. 
Scond.J 1~'rol.Vephroi 29. 147-1 54, 1995 
Beaman 11. Hirtwistlc. K. HOMW .U. hlichacl J. Adu 1): Ihc role 01 superoxide anion and hydi.ogen per- 
oxide in glomcmilar injur! induc'cd hv puroinycin aminonuclmsidz in rats,. ( '//nicu/ Science 73:329-332. 
1987. 
Chubatsu L S ,  .\Imc&iiii I(.  hldallothioncu-i protects I ) > . \  1 1  orn u \ i h t n c  tlamiige Uioc,heiri ./ 
291 : 193- 19x. 1993 
Pzu&ant I:. DeImas N. I3eativieux 11C.l)uhourg I.. lhonias 11J. 1'~r~omat .L . lpar ic lo  Sl .  Clar'i hl. 
<.'ombe c': Antioxidant ctfeds of supplemented b a y  IOU protein m d ~ ~ d .  Pi-ee Rud Dio/ ,\fed 22:313-320. 
1997. 
Schrcck R. Xlcia- 13. Ltnne l  I1hl. Drogt: U'. 13auerlc P.Z: I)itliio~ar-l~~ai~I~t~.:s as potcnt inhibitors of NF-kH 
adrvdtion inintact ct.llc .i /<,\y>.i/ed 175:l 181-1 194. 1092. 
Ilerfha 17. Preiss C. Klemm 1'. nusir. R: Inhibition hy ;intio\;idanls of nitric ,)\;ide s!iith 
inurine mac-rophagss. role ol-'VF-hB and I R I - 1 .  Hr r l J  I'hul~t~litc<j/ 1 I K:217X-2184. 1996. 
'1ttsuk.i 'I. Haier I .D. SloiTisori .W. .Antioxidants inhihit 11-1 nidu~xd c:) CIIJO\> gtnase and nitric oxide 
s>nchase expression in rat iiiewigial cells ./ B ~ o l  C'hsm 271 : I 1 0x9 - 1 1093. 1966. 

,\y?h~~:oloB. 3.1-X. 1995. 
Role ot. oiidiscd lipoproteins in at!im,xogctiesis 

/ C'II 3G.ii.6(1-?0. 1 9 %  
i ! r ? i / i u r i  l h .33 -50 .  1996. 

('ei/ Hiochertl 1 S4:55-63. 1996. 

45:1--9.1994 



588 Wardle 

46. Sat0 M, Miyazaki T, Nagaya 1, Murata Y: Antioxidants inhibit TNFa mediated stimulation of 11-8, MCP- 
1 and collagenase in cultured human synovial cells. JRheumatology 23:432-438, 1996. 

47. Eugui EM, De Lustro B. Rouhafia S, Ihicka hl, Lee SW, Wilhem R, Allison AC: Some antioxidants 
inhibit in a coordinate fashion the production of TNFa. 11-1 and 11-6 by human peripheral blood monmu- 
clear cells. In! lmmunol6:409-422, 1994. 

48. Allison AC: Antioxidant drug targeting In Antioxidants in Disease: Mechanisms and Therapy. Ed H Sit%, 
Adv Phurmacology 38:273-290,1977. 

49. Lehr H A  Meesmer K: Rationale for the use of antioxidant vitamins in clinical organ transplantation. 
Transplantarton 62:1197-1199, 1996. 

50. Salahudeen A, Wang C. McDaniel 0, Lagoo-Denodyalan S. Bigler S, Barber H: Antioxidant lazaroid IJ- 
74006F improves renal fUri~tion and reduces expression of cytokmes, inducible nitric oxide synthase and 
hlHC antigens in a syngeneic renal transplant model. Transplantation 62: 1623-1633, 1996. 

5 1 .  Remick DG, Villaretli I,: Regulation of cytokine gene expression by reactive oxygLa and reactive nitrogen 
intermediates. J Leukocyte Biol59:421-425, 

52. Parra 'f, de k i b a  Cr. Conejo G, Conejo JR, Canter0 M, Arrihas I, Rodriguez-Puyol D. Rodriguez-Puyol 
hl. Carballo F: Cyclosporin increases local glomerular synthesis of  reactive oxygen species in ratxeffed 
o f  vitamin E. Trunsplantation 66: 1325-1329, 1998. 

53 .  RasLhke P, hlassoudy P, Recker HF: Taurine protects the heart from neutrophil induced reperfusion in- 
jury. Free Hudictrl Biol 'Wed 19.461-451, 1995. 

54. Cotgreave IA: N-acdylcysteine: pharmacological considerations and experimental and clinical applica- 
tions. ildv Phurmacology 38:205-227, 1997. 

55. Mannhardt W, Rrtzer hl, Z q p  F, Schulte-Wissmann H: Host defense within the ur inavtrad.  11: Signal 
transducing events activate the uroepithelial defense. Pediafr Nephrol 10:573-577.1996. 

56 Di Crianni P, Minnucci FS; Alves Rosa MF, Vulcano M, Isturiz MA: Antioxidants inhibit the enhancement 
ofthe immune response caused by oil adjuvants. Scand JImmunol43:413-420,1996. 

57. Gomez del Arco P, Martinez-Martmez S, Calvo V, Armesilia AL. Kedondo J: JNK is a target for antioxi- 
dants in T lymphocytes. J BioK'hem 271;26335-40, 1996. 

5X. 1)s la Fuente M, Ferrandez MD, Del Rio M, Sol Burgos M, Miguel J: Enhancement of leukocyte func- 
tions in aged mice supplemented with the antioxidant thioproline. Mech Age Developmenf 
104:213-25,1998 

59. Blackwell TS. Blackwell TR. Holden EP, Christman BW, Christman JW': In vivo antioxidant treatment 
suppresses NF-Id3 activation and neutrophilic lung inflammation. J inirnunol 157:1630-1637, 1996. 

60. Springer TA: 'Iraffc signals on endothelium for lymphocyte recirculation and leukocyte emigration. Ann 

61. Ferran C. Millan MT, Csizmadia V, Cooper .IT, Brostjan C, Bach FH. Winkler H: Inhibition of N F k B  by 
pyrrolidine dithiocarbamate blocks endothelial cell adivation. Biochem Biophys Res Comm 

62. Khachigian 1.M. Collins 'I-, Fries JWC': N-acdylcysleine blocks mesangial VCAM-1 and NF-kB expres- 
sion. AmJPath  151:1225-1230, 1997. 

63. Gemitsen ME,, Carley WW. Ranges GE, Shen CP. Phan SA, Ligand GF. Perry CA: Flavanoids inhibit 
cytokine induced endothelial cell adhesion protein gene expression. Amer JPathol 147:278-292, 1995. 

64. Seljctlot I. Arensen H, Brude IR, Nensder MS, Drevan CA, Hjermann I: Effect of 0-3 fatty acids and/or 
antioxidants on endothelial cell markers. Ercr .I Chn Invest 28629-635, 1998. 

65. CominoLini L.. Ciarbin IT, Pasini AF. Davioli A: .Antioxidants inhibit the expression of ICAM-1 and 
VCAM-I induced by oxidised LDL on human umbilical vein cells. Free RadBiolMed 22:117-127, 1997. 

66. Holt S, Goodier D, hfarley R, Pate1 D, Burroughs A, Fernando E. Harry D, Moore I(: Improvement in 
rmal function in hepato-renal syndrome with N-acetylcysteine. Lancet 353:294-5. 1999. 

67. Miller DD, Edwards A: Food antioxidants vol 4. pp 43-54 in Encyclopaedia of Human Biology Ed R 
Dulbecco. Academic Press 1997. 

6X. Zcng I>-H. Fung K-P. Wu T-W: Morin hydrate protects cultured rat glomwular mcsangial cells against 
osyi-adical damage I.ij2 Science 55351-357. 1994. 

69. Y ~ ~ o a r t  I.. Ronden .F,. 'Ilijssen H: The potent antioxidant activity of the vitamin K cycle in microsomal 
lipid peroxidation. Biochern Pharmucol54:871-876, 1997. 

70. Potter Shl: Sov protein and cardiovascular disease. Nutrifion Reviews 56:23 1-235, 1998. 
71. Wardle EN: Soyprotein diet therapy in renal disease. Nqhron 78:328-331, 1998. 
72. Wei H. Bowden R, Cai 0, Barnes S, Wang Y:.Antioxidant and antipromotional effects of the soybean 

isoflavone genistein. Proc SocErp Riol hfed 208:124-130,1995. 
73. Mitchell SH.Gardner PT, McPhail DE, Momce PC, Collins AR, h t h i e  Cfi: Antioxidant efficacy of 

phytoestrogens in chemical and biological model systems. ArchBfochenr Biophys 360:142-148, 1998. 

Rev Physio1 5 1  :827-72,1995. 

21 4:212-223,1995. 



Antioxidants in Prevention of Renal Disease 589 

74. Tham DM, Garcher CD, Haskell WL,: Potential heahth benefits of' dietary phytoestrog,ens. J Clin End 
Metub 83:2223-2234, 1998. 

75. Wiseman H, Plitzanopoulos P. O'ReiIIy J: Antioxidant properties of ethanolic and aqueous extracts of 
p e n  tea compared to black tea. Biochem Soc Trans 24.3903, 1996 

76. Sanbongi C, Suzuki N, Sakana T: Polyphenols in choculate,whiclh has antioxidant activity. modulate 
immune function in human UI vitro. Cell Immunology 177:129- 136, 1997. 

77. Petroni A: Inhibition of platelet aggregation and eicwsanoid production by phenolic cwmponents of olive 
oil. ThromhosRes 78:151-160, 1995. 

78. de la Putxta R, Gutimez VR, Hoults SHS: Inhibitioa of Ieukoc!te 5-lipoxygenase by phenolics from 
virgin olive oil. Biochem Phurinucol57:445-449, 1999. 

79. Simopoulos ,4P, Norman HA, Gillaspy SE: Purslane in human nutrition and its potential for world agri- 
culture. Flants in Human Nutrition. (Ed) AP Simopoulos CtbrldHev .L'utrt)ret 77:47-74. I995 Karger. 

80. C l i a  SD, W u  Y-%, 'Tao ZL, Chm ZM, Liu XP: Hawthorn drink and its lowering effect on blood lipid 
levels in humans and rats (Ed) .L.P Sinopoulos N'orld H~?i~Akitr Diet 77:147-1.54, 1995 Karga. 

81. Roback J, Gryglewrski RJ: Rioactivity of Flavanoids. Polish J Phurrmco/48:555-564. 1996. 
82. Chen ZY: Antioxidant adivity of natural flavanoids is ;goverened by inumber and location oftheir aromatic 

hydroxy-groups. Cheni Phys Lipids 79: 157-163, 1996. 
83. Greenspan HC, i h o m a  0 1 :  Oxidative stress and apoptosis in  HI\- infwlion. Irnmunolug)~ IbdqoJ.  

84. Vinson SA: Flavanoids in foods as in vitro and in vibo antioxidants Adv Exp ,%fed Biol 439:151-164. 
1998. 

8 5 .  Velussi M, Cemigoi AM, Uehlonte A Dapas F,  Caffau C, Lilli X1 nn treatment with antioxidant 
drug silyinarin in cirrhotic diabetic patiaits J Htpatology 26:871-8 

86. Chaurasia S: Antioxidant and antiinflammatory action of Sandhilia: a1 compound herbal dt-ug. indiun .I Exp 

87. Sundaram V, Hanna Ah'. Lubow CP. I ionau L.. Falko Jhl, Sharm,d HM: Inhibition of L.DL oxidation by 
oral herbal mixtures in hyperlipidemicpatients. AmerJ ,\fed Sci 314:303-10. 1997. 

88. Aganval S, Rao AV: Tomato lycopene and LDL oxidation: a human didaiy intarentiion studv. Lipids 

89. Rao AV, .4ganval S: Rioavailabilitv and in vivo aiitioxtdant proptities of lycopme lrom tomato products 
and their possible role in the prevention of cancer. A ~ u t ~ ~ i t m n  & C'umxr 3 1 : 199-203. 1998. 

90. Cao G, Russell RM. Lischntl- N, Prior M,: Strum antioxidant caipacit) is incl-eased by consumption of 
strawberries, spinach, red wine or vitamin C in elderly women. JA\'z&-ifion 128:2383-2390, 1998. 

91. Xu YX, Pindolia KR, Janakiraman N, Noth CY. Chapman R X  CiaiLitam SC: Cureumki  compound with 
antiinflammatory and antioxidant properties downregulates diemokuie expression in bone mamow stromal 
cells. Fxp Haemcrtol25:413-422, 1997. 

92. Beukleman CJ, van den Berg ?W, Krocs BH, Labadie ItP, Mattson EE. van Dijk H. Plant derived mdabo- 
Ides with synergistic antioxidant activity. fmnrunolow Ioduy 16: 108. 1991 

93. Trachtman H, Del Pizzo R, t u n m e i t  S, Lev-ine 1). Rao PS, Valdenrama Numi JA: Taurine attenuates 
renal disease in chronic puromycin aminonucleoside nephropathq. A m  J Phys(ol262: 117--123. 1992. 

94. Denis M: Antioxidant therapy partially blocks immune induced lung fibrosis. Ir$ammation 19:207-219, 
1995. 

95. Schlotte \', Sevanian X Hochstein P, Weithmann KV: Effed of iwic acid and chemical analogues on 
oxidation ofhutnan LDL in vifro. Free Rad Brol hfed ;!5:839-847. 'I 998. 

96. Sanaka T, Nakano Y, Nishiniura 11. Shinobe XI, Iliguchi C. Onialtki 11. Nihci H. Sugino H: Therapeutic 
effed of a newly developed antioxidative agent OPC-I 5161 on experimental immune complex ntphritis. 
Nephron 76:3 15-322, 1997. 

97. Toffer RI, LMohsen M, Satnuni AA: Superoxide disniutase mini i tq  underlies the role of nitroxides in 
protedingpapain from oxidative inadivation. Free Rad BiolA4ed 25:832-838, 1998. 

98. van der 7ne J, Eling TE. Mason RP: Formation of free radical mdab'olites in the reaction between soybean 
lipoxygenase and its inhibitors Biochemistry 28:8363-.8367. 1989. 

99. Garvin PJ, Niehoff ML, Robinson SM, Mistry P: Renoprotattivr. atlkcts ofthe 21 aminosteroid 1'74389G 
in ischemia-reperfusion injury and cold storage preservation. Trunqdunt 63: 194-201, 1997. 

1001. Remmes D, Dwenger A.  grot^ M. Seekamp A Pap HC, Cnuner A. Hafemann R, Regel G: Allmuation of 
multiple organ dysfundion in a dironic sheep model by 21  mino no steroid 11743x9 G. J Surg Ref 

101. Batna A, Fucfis C, Spitcller C: Lipid peroxides in prestnce of ebseltn. Chem Phys Lipids 87:149-158. 

lo;!. Lubcc B, Aufiicht C, Amman '2, Lititzmuller E, Hoger €1: .4rgininc reduces kidney collagm accumulation, 

15~209-13. 1994. 

Biol33:428-436, 1995. 

33:981-984,1998. 

621278-283, 1996. 

1997. 



590 Wardle 

crosslinking lipid paoxidation, glycoxidation. kidney mpcight and alhwninuria in the diahdic kk mouw. 
Nephron 75:213-218, 1997. 

103. Novelli GP. Casali R, Ronizzoli M, Giorgi L, Lemma M, Piscilelli P: Antioxidative action of gabexate 
mesilate in an exptrimental model of endotoxin shock. A.lrneruoilnuesfhesio/ 61:509-513. 1995. 

104. Reibnegger Ci. Odtl K, Dlikalov S, Reislebm HJ, Mickusch W: Spin trapping study of antioxidant pro!)- 
txties of neopterin 7,X dihydroneopterin. Biochim Biophys Kes Comm 234:774-778. 1997. 

105. Tbresiamma KC, Kuttan R: Inhibition of liver fibrosis by ellagic acid. Indiun J Ph),srol PhurmLrcol 

106. hlagil A: Inhibition of progression of chronic puromycin aminonucleoside nephrosis by probucol. JAS 

107. Keaney JF. Xu A. Cunningham D. Jackson 1. Frei R. Vita JA: Didarq Probucol preserves endothelial cell 
function in cholesterol Ted rabbits limiting vastwlar oxidative stress and superoxide generation. J ('lin In- 

108. Naito € I .  liirano 'I': Probucol suppresses development of chronic rmal failure in Dahl salt sensitive rat: an 
animal model of spontaneous focal and segmental glomemlosclerosis. h'ephron 67: 125-126, 1994. 

109. Hanna .XY. Fel la  DR. Wti& DT. Newman If: Inhibition of IDI. oxidation b:, thyronines and probucol. 
Hioch.Phortnocol45:753-762, 1993. 

110. Igdud  K .hIaruyama R. Katayania Ihl. Nishioka h: ibtioxidation therapy with oral ddpsone improved 
annular eliistolylic giant cell granuloma. 

11  1. Hoffhrand RI: Dapsonr treatmtmt for Henoch-Sch6nlcin purpura. Postgrud A/ed .I ( 1 K )  67:961-962. 
1991. 

1 12. Campbell RK: Clinical updatc on pmtoxifylline therapy Tor diabetes induced peripheral vascular discasc. 
I Inn /'htrrt~iucol27:1099-1105. 1993. 

113. 51andy Y, Farkas '3, Ocsovszky I. Nagy Z: Inhibition of TNFa production and ICAhl-1 expression by 
pnitoxifylline: beneficial effeds in sepsis syndrome. Res RxpflA/eed 195:297-307. 1995. 

114. Wardle EN: Can pmtoxifylline prevent renal disease? Rer/uIFui/i(w 20:437-440. 1998 
115 luliano 1,. Colavita AR. Carnastra C, Hello V: Proledion of IDL osidatioti at chemical and cellular Ie\cl 

hv the antioxidant drug dipyidarnole. Brit . I  Phartnucol 119: 1438-1446, 1996. 
116. U'ardle EN: I)ip\;ridamole in thenrphritides. A m  J Thenip 5:107-109. 1998. 
117. &ant I), Long N-P, Mackintosh ci, Williamson FB: The antioxidant activity of heparins. B i ~ c h e ~ ~  Soc 

Tmns 24: 1945, 1996. 
118. U'ardle E: N Heparins for prolrf't.rativenzphrdides Ncphron 73, 51.5-19. 1996. 
119 :kuoma 01. Smith C, Cewhini R, F,vans PI, Halliwell H: Free radical s avag ing  and inhibition of lipid 

peroxidation by beta-hlockws and by agents that interfere with calcium metabolism. Biocheni Phunirucoi 

40:363-366. 1996, 

.vephro/ 7:2340-2347.1996. 

)Jest 95:2520-2529, 1993 

Zlertnufo/ 24:328-33 1. 1997. 

42.735-743, 1991. 
120. Dupmt ,I<;: Carvedilol and the kidney. ~'I~nrculZnurstrgutron 70:S127-S131. 1992. 
121. Yue -1-L. Cheng H-Y. Lysko PCi. hlckenna PJ. E'euerstein R, <iu J-L, Lysko K :  Carvedilol, a new v a w -  

dilator and adrLmoreceptor antagonist is an antioxidant and free radical scaxiieger. .J I'hurm F.ip 7hwup 

122. Krams& Dh4, Sharma RC: The henetits anilodipine as an anti-atlitrosclerdic agent. J ifionun flyperfen- 

123 Sugawara H. Tobise K. Kikuchi K: Antioxidant effects of' calcium antagonists on rat myocardial innii- 
brane lipid peroxidation. Hypertcnsron Rss 19:223-228, 1906. 

124. Rlab IT, Hoehme P, M'eglicki WB: Protedi\e effects of calcium channel blockers against free radical 
impaird endothelial cell proliferation. Blochem Phurrnnco/50:1531-1534. 1995. 

125. Karmansky I. (iruener N.4: Mechanisms ot' antioxidant altivit?: of calcium antagonist serapamil against 
I , l N ,  oxidation. (-/ in ('hem Acto 259:177-182, 1997. 

126. Chaffman hl: Indapamide. Drugs 28:189-235 1984. 
127. Anloma 0 1 :  Characteri7ation of drugs as antioxidant prophylactics. Free Hud Brol .\/eu' 20: 675--705. 

1996. 
128. Barnes S. Sfakianos J, Coward L, Kirh M: Soy isoflavanoids and canccr prevcntion: underlying biochemi- 

cal and pharmacological issues. Adv Iskp Aled Biol 40137-100. 1996. 
129 Anderson .I%'. Diwadkar \'X Bridges SR: Selective efTects of different antioxidants on oxidation of lipo- 

proteins from rats. Proc .~oc~pR~o/h/~.d218:376-381, 1998. 
130 Sanbongi C, Suzuki N, Sakane T. Polyph~nols in chocolate. =hi& have antioxidant activity. tnodulate 

immune functions in humans in kitro. C'elliclur Imnnrnol 177:129-136, 1997. 
131. Kumar ,X. Dhawan S. IIardegan NJ, Aggamal BB: Curcumin inhihition of TNF mediated adhesion of 

inonocytes to mdotholial cells h> suppression of cell surface e,upression of adhesion moltx?Iles and NF-kB 
adivation. Blochem Phurniucol55:775-783. 1998. 

263.92-98. 1992. 

SIon 9(suppl I):S3-S9. 1995. 



Antioxidants in Prcvcntion of Rcnal Diseasc 59 1 

132. Morrissey JJ. Elahr S: halapril de~~ei~ses  nuclear l idor  kdpp;i-l% . ieiwtiwi in the kidnty with urdcral 

133. Xlak IT. h ) r  CXI. Wcglicki WB: Inhihition ot'sarcolemmal carl~on centred Vrcc radical Ii)rmalioii hy 

134. Cabell KS. la I.. Johnson P: Elleds ol';Ilttih>pprxtutsi\c drugs 011 rirt tissue antioxidant m/snic activities 

135. 'Tarif N. Baktis <; I.: I'reswvation oTmial tundiui: the spedrum of ctkds by calcium channel blochas. 

136. Fwaslc5n 0%. Ruflolo KR. Canedilol. a now1 multiple actitni mrtilr~pcxtcnsivc agent with antiosidanl 

137. Frishnian W: C'ar\edilol. :VCI-: Eng/.J .\fed 339: t7W- 176.5. 1998. 
138. van den Branden C. Gahricls 11. Vamecq J. Vandal l lwtc J. Vm.brr.lcri I): Canedilol protcds against 

ylomuulosclcrosis in ritt rcmiant hidney without changes in mtwdan t  status. .Vephron 77: )  19-324. 
1997. 

139. 5lolyn=uulh I.hl. Wil lq  li:L Yue DK: btdapaniidc i s  .IS c l l c ~ ~ i \ c  a< <;iptc)pril in the wntrol ol'nticroalhu- 
minuria in diahcqcs . J ( ' U ~ I O I J U S C  Phuviirum/27:424-427. 1996 

140. t'ehara Y. Kanahata 1'. Shiwhase If. U.ida K. fladiimnrc 1'. 5fwishit;r S. Niniahe .\. I \ i a i  J: Osygeti 
radical warmgcrs and rL71id protwiim by indapaniidc. diurdic in halt induccrl hyprrtuisitm ot' I):rlil strain 
rats. .I ('uriliovusc f'huriiiuccil 22. suppl6: S42-S.lh. 1993 .  

141. Numbag W. Chahbe J. Ciamaski R- Syicrgislic r.ll;.tls o l ' p ~ ~ i t o ~ i l ~ l l i i i c  and dapsone in lcucx)c>twlastic 
vasculitin. 1.uncet 343.:491. 1904. 

142. Caslellol JJ. liilniovsh? XU. M'riglrt TC: tfkd ol' hqwriti on cellular prolilcralion Seniin 
'1hromb.llaemostas I3:489-502. 1987. 

143. R m t c l l o  D. h1cngozi.j <i. I;mo 51. Cesano G: Isowrbidc 5 iiiwonitrate incrcam nitric oxide blood 
luvdb: and reduces ptfl i i iuria in 1g.A glomeruloncphritis patiuils u i ~ h  ahnomial urinc mdcficlin c OXiP 
ratio. ('/in ,'iephro/ofl.1.1:103-I08. 1995. 

144. 'Itachtman H. H m m  b+t S. Singial PC: Nitric oxide inaduiatc% sy~thesis 01 cxzrrcellular itiatrii proteins 
in cultured rat nizsangial culls. Hiocheiit Hiophj-s /<as ( biittnttn 207. I b k I 2 5 .  I 99s. 

145. Prior R1, Cao <i: ;\ntioiidant capacity d i d  polyhmolic c.otnponciit~ ol'teaa: implications lor altering in 
vivo antioulhidant status. /'roc S<jc f<xp H i d  :\led220:2!5- 261. 109') 

obStNdiOn. Kidney Inr 52:920-933. 1997 

propanrlol.('irc/~esG5:1lSl- llSb. IY89. 

and lipid peroxidation I ~ w l s .  Hiocherti Phttr~nucolS4: 133-141. 1997. 

Nephrol Dial Trctnspktnr I2:2244-2250. 1997. 

adivily and the po ld ia l  Ibr myocardial and vascular prolrc!iai. F.iul!r/ .I. 16. sup F. 18-42. 1995. 




