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It is well known that biomembranes and subcellular organelles are susceptible to lipid peroxidation. There is a stead-
ily increasing body of evidence indicating that lipid peroxidation is involved in basic deteriorative mechanisms, e.g.,
membrane damage, enzyme damage, and nucleic acid mutagenicity. The formation of lipid peroxides can be induced by
enzymatic or nonenzymatic peroxidation in the presence of oxygen. The mechanisms of formation and removal of reac-
tive oxygen species, lipid peroxides, and free radicals in biological systems are briefly reviewed. In recent years, there has
been renewed interest in the role played by lipid peroxidation in many disease states. Xanthine oxidase has been shown to
generate reactive oxygen species, superoxide (O3 ), and hydrogen peroxide (H,0,) that are involved in the peroxida-
tive damage to cells that occurs in ischemia-reperfusion injury. During ischemia, this enzyme is induced from xanthine
dehydrogenase. We have shown that peroxynitrite (a reactive nitrogen species) has the potential to convert xanthine de-
hydrogenase to oxidase. The following biological effects of lipid peroxidation were found: a) the lipid peroxidation in-
duced by ascorbic acid and Fe?* affects the membrane transport in the kidney cortex and the cyclooxygenase activity in
the kidney medulla, and b) the hydroperoxy adducts of linoleic acid and eicosapentaenoic acid inhibit the cycloox-
ygenase activity in platelets. The balance between the formation and removal of lipid peroxides determines the peroxide
level in cells. This balance can be disturbed if cellular defenses are decreased or if there is a significant increase in perox-
idative reactions. Once lipid peroxidation is initiated, the reactive intermediate formed induces cell damage.
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Fig. 1. The Proposed Mechanism for the Generation of Reactive Oxygen Species in Ischemia—Reperfusion

XD: xanthine dehydrogenase, XO: xanthine oxidase.
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Fig. 2. Effects of ONOO™~ on the Activities of XO and XD in Rabbit Liver

The cytosolic fraction (0.5 mg of protein) was preincubated at 30°C for 1 min in 1 ml of 0.1 m Tris—HCI buffer (pH 8.1) with or without the indicated concen-
trations of ONOO~ (@, A, H) or decomposed ONOO~ (100 um) (ONOO~ alone was preincubated in the Tris—HCI buffer at 30°C for 1 min before use) (O, A,
). Xanthine (60 um) and NAD* (0.1 mm) were subsequently added to the preincubation mixture, and the mixture was incubated at 30°C for 30 min. Each point
represents the mean of 4 experiments; vertical lines show S.E.M. *p<(0.01: compared with the corresponding value in the absence of ONOO~. @, O, XO activity;

A, A, XD activity; W, O, total (XO plus XD) activity. ONOO~: peroxynitrite.
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Table 1. Reversal of ONOO ~-Induced Conversion of XD to
XO in Rabbit Liver
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Treatment -
(pmol/min/mg) T %.12 7=, Arroyo 5.0 O R I — B EER
Control 293+ 9.6 160.7+31.1  190.1+37.5 7 - OH 2JE/E S5 2 &, Das 59O
DTT (1 mm) 30.8+ 1.5 220.1+ 5.8 251.0+ 7.3 B
ONOO- (100 M) 114.7+10.5  97.1+14.3  211.8+ 6.8 AXRUYTO - OH OEMERDTND. 5
+DTT (1mM)  70.0+ 6.6% 167.2+14.3% 2372+ 9.5 2, SVHINAF ARy —THDBIAFIVA)

ONOO~- (100 um) was preincubated with the cytosolic fraction (0.5 mg
of protein) at 30°C for 1 min in 1 ml of 0.1 m Tris-HCI buffer (pH 8.1).
DTT (1 mMm) was subsequently added to the preincubation mixture with
xanthine (60 um) and NAD* (0.1 mm), and the mixture was incubated at
30°C for 30 min. Values are the means+S.E.M. (n=3).

* p<0.05: compared with ONOO~ (100 um) alone. DTT: dithiothreitol.
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Fig. 3.

Effects of NEM (A) and Allopurinol (B) on the Activities of XO and XD in Rabbit Liver

The cytosolic fraction (0.5 mg of protein) was incubated with various concentrations of NEM or allopurinol in 1 ml of 0.1m Tris—HCI buffer (pH 8.1) contain-
ing pyruvate (1 mm), xanthine (60 um) and NAD* (0.1 mm) for 30 min at 30°C. Each point represents the mean of 4 experiments; vertical lines show S.E.M. *p<{
0.05, **p<{0.01: compared with the corresponding value in the absence of NEM or allopurinol. NEM: N-ethylmaleimide.
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Fig. 4. Reactive Oxygen Species and Lipid Peroxidation
SOD: superoxide dismutase, GSH-Px: glutathione peroxidase.
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Fig. 5. PAH Accumulation in Rat Kidney Cortical Slices
previously Incubated with and without AsA plus Fe2*

Slices were incubated at 25°C in Cross & Taggart buffer after preincuba-
tion for 10 min at 37°C in 0.15 M KC1/0.02 m Tris—HCI buffer (pH 7.4) in the
absence (continuous line) and presence (dashed line) of AsA (1.0 mm) and
Fe2* (0.4mm). (@, O) PAH S/M ratio; (A, A) Thiobarbituric acid
value. Each point represents the mean of 8 experiments; vertical lines show
S.E.M. *p<0.01; significantly different from control. PAH: p—aminohip-
purate, AsA: ascorbic acid, S/M: Slice/Medium.

Table 2. Effect of AsA plus Fe2* on Tissue Water

Tissue H,O

(% wet wt.)

Control 74.25+0.65
AsA +Fe2* 80.83 +0.34*

ECW
(u1/100 mg dry wt.)

127.18 £4.59
194.39+9.11*

ICW
(u1/100 mg dry wt.)

163.69 £7.70
228.07 £4.82*

Slices were preincubated for 10 min at 37°C in 0.15 M KC1/0.02 m Tris-HCI buffer (pH 7.4) with and
without AsA (1.0 mm) +Fe2* (0.4 mm), and then further incubated for 60 min at 25°C in Cross & Tag-
gart buffer. Values are the means+S.E.M. (n=4).

* p<0.01: significantly different from control. ECW: extracellular water, ICW: intracellular water.
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AA Metabolism and the Generation of Reactive Oxygen Species

HPETE: hydroperoxyeicosatetraenoic acid, HETE: hydroxyeicosatetraenoic acid, EET: epoxyeicosatrienoic acid, LT: leukotriene, PG: prostaglandin, TX:

thromboxane.
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Effects of 12-HETE on the Angiotensin II-Induced Contractile Response in Isolated Hamster Vessels

The artery strip (10 mm X 1.0 mm) was preincubated with the indicated concentrations of 12-HETE at 37°C for 5 min in Tyrode’s solution. After preincuba-
tion, the angiotensin II (10 nm) response was observed. Vertical bars represent the means+S.E.M. (n=6). *p<{0.01; significantly different from each control an-

giotensin II response.
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Table 3. Effect of Various Antioxidants on the Biosynthesis of PGE in Rabbit Kidney Medulla
Slices
Concentration PGE
Compound (M) (ug/g wet wt. of tissue)
No addition 2.66+0.19
1,2-Dimethoxyethane 10-3 2.71+£0.18
104 3.25+0.23
10-3 3.09+0.14
2,5-Dimethylfuran 103 3.48+0.44
104 3.53+0.47
10-3 3.56+0.33
Sodium diethyl-dithiocarbamate 1073 0.86+0.23**
10-2 0.56+0.14**
2,6-Di-tert-butylphenol 104 1.98+0.24
10-3 1.53+0.28*
N,N’-Diphenyl-p-phenylenediamine 10-6 1.06 £0.19**
10-3 0.53+0.18**
Slices were incubated for 30 min at 37°C in 0.15 M KC1/0.02 m Tris-HCI buffer (pH 7.4) in the presence or absence
of drugs. Values are the means+S.E.M. (n=5).
*p<0.02, ** p<0.01: significantly different from control (No addition).
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Fig. 10. Effects of Sodium Azide and Sodium Selenite on
PGE, Synthesis of Rabbit Kidney Medulla Slices

Slices were incubated for 30 min at 37°C in 0.15 M KC1/0.02 m Tris—HCl
buffer (pH 7.4) in the presence or absence of different concentrations of so-
dium azide (@) or sodium selenite (A). Each point represents the mean of 5
experiments; vertical lines show S.E.M. * p<{0.05, ** p<0.01; compared
with the corresponding value in the absence of sodium azide and sodium
selenite.
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Fig. 11. Effects of AsA and Fe2* on the Lipid Peroxidation and the Biosynthesis of PGE, of Rabbit Kidney Medulla Slices

Slices were incubated for 60 min at 37°C in 0.15 m KC1/0.02 m Tris—HCI buffer (pH 7.4) in the presence or absence of AsA and Fe?*. Each point represents the
mean of 3 experiments. O, @; Control: A, A; AsA (1mm): V, ¥; Fe2* (0.4 mm): O, M; AsA (1 mm) +Fe2* (0.4 mm) .

Table 4. Release of Fatty Acids from Rabbit Kidney Medulla
Slices by AsA and Fe2*

Fatty acids released (percentage of fatty acids)

CIGZO C18!0 C18!1 C18!2 C2024
Control 70.7 29.3 + + +
AsA (ImM)plus 30 ¢ 256 179 121 88

Fe2* (0.4 mM)

Slices were incubated for 10 min at 37°C in 0.15 M KC1/0.02 M Tris-HCl
buffer (pH 7.4) with and without AsA + Fe2*. Plus signs indicate trace.
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Fig. 12. Effects of 13-HPODE on the Formation of 12-

HETE, TXB, and HHT in Washed Platelets
Platelets (3X108/ml) were preincubated with various concentrations of
13-HPODE for 5 min at 37°C prior to the incubation with AA (25 um) for 5
min. Each point represents the mean of 3 experiments; vertical lines show
S.E.M. * p<0.01; compared with the corresponding value in the absence of
13-HPODE. 13-HPODE: 13-hydroperoxyoctadecadienoic acid, HHT: 12-
hydroxyheptadecatrienoic acid.
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Fig. 13. Effects of 15-HPEPE on the Formation of 12-

HETE, TXB, and HHT in Washed Platelets
Platelets (3X108/ml) were preincubated with various concentrations of
13-HPODE for 5 min at 37°C prior to the incubation with AA (40 um) for 5
min. Each point represents the mean of 4 experiments; vertical lines show
S.E.M. * p<0.05, ** p<< 0.01; compared with the corresponding value in the
absence of 15-HPEPE. 15-HPEPE: 15-hydroperoxyeicosapentaenoic acid.
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DME: 1,2-dimethoxyethane, DMF: 2,5-dimethylfuran.
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