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Abstract-OKidized low-density lipoproteins (ox-LDL) inhibit vascular relaxation by decreasing the synthesis 
or rapid degra,dation of endothelium-derived relaxing factor (EDRF), now identified to be. nitric oxide (NO). We 
examined the regulation of NO synthase activity in human neutrophils. which also generate. NO, by lipoproteins. 
Isolated human neutrophils were incubated with native-LDL, ox-LDL (IO-50 pg protein/mL), high-density 
lipoproteins (HDL, IO0 pg protein/ml) or HDL + ox-LDL, and NO synthase activity was measured as con- 
version of [‘H]t_-arginine to [3H]L-citrulline. Ox-LDL, but not native-LDL or HDL, significantly decreased NO 
synthase activity in human neutrophils. This effect of ox-LDL was incubation time and concentration dependent. 
The incubation of cells with HDL or L-arginine diminished the effects of ox-LDL on NO synthase activity. Thus, 
ox-LDL decreases the activity of NO synthase enzyme, and this effect of ox-LDL can be modified by HDL and 
L-arginine. 
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The link between high levels of LDLT in plasma and 
atherosclerosis is now well established [l]. In contrast, 
low levels of HDL are a potent risk factor in atherogen- 
esis [2]. Recent studies show that oxidation of LDL is 
necessary for deposition of cholesterol in vascular tis- 
sues destined to develop atherosclerosis [3]. ox-LDL de- 
creases endothelium-dependent relaxation [4-6], and 
this reduced vasorelaxation is believed to be due to di- 
minished synthesis or release of EDRF, although other 
studies suggest no dimunition in its synthesis but exces- 
sive breakdown by :superoxide radicals [7]. 

Synthesis of EDRF, now identified to be NO, derived 
from the amino acid L-arginine, is believed to be ubiq- 
uitous. Although NO synthesized in different tissues 
may have different characteristics relative to calcium 
(Ca”) and calmodulin requirements and inducibility, 
NO generated from all sources is a potent vasodilator 
[81. 

There is a paucity of data on the contribution of neu- 
trophils in atherosclerosis except that several pieces of 
information suggest involvement of these cells in athero- 
genesis. For example, neutrophil counts and activity are 
independent predictors of outcome and extent of athero- 
sclerosis [9]; neutrophils are often seen in blood vessels 
subjected to angioplasty [IO], and these sites frequently 

* Corresponding aulhor: J. L. Mehta, M.D., Ph.D., Univer- 
sity of Florida College of Medicine, P.O. Box 100277. Gaines- 
vifie, FL 32610-0277. Tel. (904) j76-,611, Ext. 6843; FAX 
(904) 374-6113. 

t Abbreviations: LDL, low-density lipoproteins; HDL, high- 
density lipoproteins; ox-LDL, oxidized low-density lipopro- 
teins; EDRF, endothelium-derived relaxing factor, NO, nitric 
oxide; TBARS, thiobarbituric acid reactive substances; and 
L-NNA, NO-nitro-L-arginine. 

develop atherosclerosis-type lesions; neutrophils rapidly 
accumulate in tissues and blood vessels after temporary 
arterial occlusion and contribute to the phenomenon of 
“reperfusion injury” [l 11; neutrophils oxidize LDL 
[12]; and neutrophils are an important source of super- 
oxide radicals and NO, and these species cause endothe- 
lial dysfunction [ 131 and exert cytotoxic effects [ 14, 151, 
respectively. 

The present studies were conducted to determine the 
regulation of NO synthase activity by native LDL and 
ox-LDL, as well as HDL. Human neutrophils were used 
as an easily available source of human tissues capable of 
generating NO. Recent data suggest that NO synthase 
activity in neutrophils parallels the changes in vascular 
tissues [16, 171. It is possible, therefore, that the effects 
of lipoprotein fractions on NO synthase activity in neu- 
trophils mimic the effects of lipoproteins on NO syn- 
thase activity in the endothelial cells. 

MATERIALS AND METHODS 

Materials 

[3H]L-Arginine (77 Wnmol; 1 Ci = 37 GBq) was 
obtained from Amersham (Arlington Heights, IL). All 
chemicals were obtained from the Sigma Chemical Co. 
(St. Louis, MO), or as stated. 

Separation of leukocytes 

Heparinized venous blood from healthy individuals 
was layered over Mono-Poly Resolving Medium (Flow 
Laboratories) and was centrifuged at 500 g for 30 min at 
24“ to obtain a neutrophil-rich layer. Red blood cells 
were lysed by hypotonic lysis. Neutrophils were then 
removed and washed in Hanks’ Balanced Salt Solution 
(HBSS, pH 7.4) without Ca” and Mg’+, as described 
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previously [9]. Neutrophil suspension ( lo7 cells/ml) 
contained more than 98% neutrophils. Their viability, as 
determined by trypan blue exclusion, was more than 
90%. 

Table 1. Effect of duration of incubation of neutrophils with 
[3H]L-arginine on NO synthase activity in neutrophils 

Preparation of Iipoproleins 

Lipoprotein fractions were prepared from fresh human 
plasma. LDL (density 1.019 to 1.063 g/mL) and HDL 
(density 1.063 to 1.21 g/mL) were isolated by discon- 
tinuous density ultracentrifugation [6]. The isolated li- 
poproteins were dialyzed for 18 hr against modified Ty- 
rode buffer (composition in M: NaCl, 0.13; NaHCO,, 
0.012; NaHPO,, 0.0042; KCl, 0.0027). All buffers con- 
tained 0.3 mM EDTA to prevent auto-oxidation of li- 
poproteins. Native LDL prepared by this method showed 
no significant oxidation as measured by the TBARS as- 
say (0.22 f 0.07 nmoVlO0 pg protein), whereas ox-LDL 
had a large increase in TBARS (1.39 + 0.05 nmoY100 pg 
protein). HDL was further purified from contaminating 
apolipoprotein B containing lipoproteins by heparin- 
Sepharose chromatography. Ox-LDL was prepared by 
exposure of native-LDL to CuSO, (5 ~.LM) at 37” for 24 
hr according to the method of Steinbrecher et al. [18]. 

Incubation time [3H]L-Citrulline formation 
(min) (%) 

1.5 6.7 + 0.7 
30 7.5 + 0.8 
60 9.1 f0.5 

120 9.2 * 0.5 

Data are means _+ SD from 3 experiments. 

Determination of NO synthase activity 

NO synthase activity was determined in aliquots of 
neutrophils incubated with native-LDL (IO-50 pg pro- 
tein/ml), ox-LDL (10-50 pg protein/ml), HDL (100 pg 
protein/ml), or ox-LDL + HDL, or ox-LDL + L-arginine 
(2 mM). After 1 hr of incubation at 37”, the cells were 
washed to remove unincorporated lipoproteins. NO syn- 
thase activity was measured by monitoring the conver- 
sion of [3H]L-arginine to [3H]L-citrulline, as described 
previously [19]. Briefly, neutrophils (10’ cells) and 25 
pL of [3H]L-arginine (2 pCi/mL, average count 
-340,000 dpm) were incubated with 200 pL of 25 mM 
HEPES buffer (140 mM NaCl, 5.4 mM KCl, 1.8 mM 
CaCl, and 1 mM MgCl,, pH 7.4). After 1 hr of incuba- 
tion, 2 mL of stop buffer (118 mM NaCl, 4.7 mM KCl, 
1.2 mM KH,PO,, 24.8 mM NaHCO,, 4 mM EDTA and 
5 mM L-NNA, pH 5.5) was added. Each tube was cen- 
trifuged twice at 800 g for 15 min at 4”. The supematant 
was discarded, and the pellet was disrupted by adding 1 
mL of 0.3 N HClO, and neutralized with 65 ~.LL of 3 M 
K&O,. Aliquots of the cell suspensions were then ap- 
plied to 2 mL columns of Dowex AG50WX-8 (Na+ 
form) (Bio-Rad, Richmond, CA), which were eluted 
with 6 mL of distilled water. [3H]L-Citrulline in the 
eluent was quantitated by liquid scintillation spectro- 
scopy. 

Cholesterol content of neutrophils 

Total cholesterol content increased markedly in cells 
incubated with 50 pg/mL of ox-LDL (4.8 * 0.8 vs 1 .O f 
0.3 pg/106 in untreated cells, N = 7, P c 0.01). Incuba- 
tion of neutrophils with 25 pg protein/ml of ox-LDL 
also increased the cholesterol content modestly (mean 
3.8 f 0.8 @lo6 cells, P c 0.05). Incubation of cells with 
native-LDL (50 pg protein/ml) had a small effect on 
cholesterol content (mean 2.6 f 0.4 @lo” cells, N = 3). 
Incubation of neutrophils with HDL attenuated (P < 
0.02) the ox-LDL (50 pg/mL)-induced increase in cho- 
lesterol content to 2.8 + 0.4 pg/106 cells. 

NO synthase activiv and lipoproteins 

Conversion of [3H]L-arginine to [3H]L-citrulline was 
time dependent, reaching a maximal rate at 1 hr (Table 
1). The formation of [3H]L-citrulline was similar in neu- 
trophils suspended in Ca’+-poor (EGTA present) or 
Ca’+-rich (EGTA absent) buffer. In addition, presence of 
the NO synthase inhibitor L-NNA markedly decreased 
[3H]L-citrulline formation. These observations are sum- 
marized in Table 2. 

Whereas native-LDL had a modest insignificant effect 
on [3H]L-citrulline formation, ox-LDL caused a marked 
concentration-dependent inhibition of [3H]L-citrulline 
formation (Table 3). The suppressive effects of ox-LDL 
on L-citrulline formation were dependent on the duration 
of incubation with neutrophils and were maximal at 60 
min. CuSO, used for oxidation of LDL had no effect on 
NO synthase activity (data not shown). 

In contrast to the effects of ox-LDL, HDL had no 
effect on L-citrulline formation. In parallel experiments, 

Table 2. Effects of Ca*+, NO-nitro-L-arginine (L-NNA) and LX- 
ginine on NO synthase activity 

Determination of cholesterol content 

Cholesterol content of neutrophils was determined en- 
zymatically using a chromogenic substrate (4-aminoanti- 
pyrine and p-hydroxybenzenesulfonate) that in the pres- 
ence of peroxidase yields a quinoneimine dye with max- 
imum absorbance at 500 nm [20]. Protein concentrations 
were determined according to Bradford [21] using bo- 
vine serum albumin as the standard. 

Intact neutrophils incubated with: 
Ca’+-rich buffer (EGTA absent) 
Ca*‘-poor buffer (EGTA present) 
L-NNA (500 PM) 
t_-Arginine (2 mM) 

Statistical significance 

The significance of differences between means were 
based on ANOVA followed by Scheffk F-test and Stu- 
dent’s t-test for paired samples, as appropriate. All val- 
ues are based on at least three different experiments, 
each in triplicate, and are expressed as means k SD. bufier. 

Neutrophils were incubated for 1 hr in Ca’+-rich or Ca”-poor 
buffers followed by measurement of the conversion of t3H]~- 
arginine to [3H]L-citrulline (index of NO synthase activity). 
Aliquots of neutrophils in Ca’+-rich buffer were treated with 
L-NNA or L-arginine. Values are means f SD from 3 to 16 
experiments. 

* P < 0.01 vs NO synthase activity in Ca”-rich or Ca2+-poor . ^” 

RESULTS 

[3H]tXitrulline 
formation (%) 

8.3 f 1.0 
8.1 f 0.9 
2.5 f 1.1* 
8.7 k 0.2 



Lipoproteins and neutrophil nitric oxide synthase 

Table 3. Incubation time-dependent effects of native and ox-LDL on NO synthase ac- 
tivity 

- 

[3H]L-Citmlline formation (%) 

Duration of incubation 
15 min 30 min 60 min 

Control neutrophils 7.7kO.l 8.7 + 0.2 9.7 * 0.3 
+ Native-LDL (25 pg/mL) 7.6k0.1 8.6 + 0.4 8.8 f 0.4 
+ Native-LDL (50 pg/mL) 7.0 f 0.1 8.6kO.l 9.2fO.l 
+ Ox-LDL (25 pg/mL) 6.3 + 0.7* 4.7 f 1 .o* 3.7 f 0.4* 
+ Ox-LDL (50 ug/mL) 5.6 f 0.6* 4.4 f 1 .o* 2.9fO.l’ 

Neutrophils were incubated with native or ox-LDL for 15.30 or 60 min in Ca*‘-rich 
buffer before conversion of [‘H]t.-arginine to [3H]t_-citrulline (index of NO synthase 
activitv) was measured. Values are means f SD from 3 experiments, each in triplicate. ., 
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* P < 0.01 vs control neutrophils. 

the presence of HDL significantly (P c 0.01) attenuated 
the ox-LDL-mediated reduction in L-citrulline forma- 
tion. Co-incubation of the NO synthase inhibitor L-NNA 
(500 @l) with ox-LDL further decreased the conversion 
of [3H]L-arginine to [3H]L-citrulline, whereas co-incu- 
bation with the NO precursor L-arginine increased (P c 
0.01) NO synthase activity in neutrophils treated with 
ox-LDL (Table 4). 

DISCUSSION 

The presence of the L-arginine-NO pathway in neu- 
trophils has been Iconftrmed by chemiluminescence 
studies [22], demonstration of cyclic guanosine mono- 
phosphate (cGMP)-mediated platelet inhibition by neu- 
trophils [23], and conversion of [3H]L-arginine to 
[3H]L-citrulline [16, 17, 191. The synthesis of NO in 
neutrophils is Ca’+ independent and inhibited by o-sub- 
stituted L-arginine analogs (Table 2). 

In this study we found direct suppressive effects of 
ox-LDL, but not of native-LDL, on the activity of NO 
synthase in human neutrophils. Data on the reduction of 
NO synthase activity in neutrophils parallel the obser- 
vations of diminished endothelium-dependent relaxation 

Table 4. NO synthase activity in neutrophils in the presence of 
ox-LDL and HDL 

[3H]L-Citrulline 
formation (%) 

Control neutrophils 9.9 f 0.4 
+ Ox-LDL (25 pg/mL) 3.6 f 0.2 
+ Ox-LDL + L-NNA (500 uM) 1.1 *0.1* 
+ Ox-LDL + t_-arginine (2 mM) 6.2 f 0.5* 
+ HDL (100 pg/mL) 10.1 f0.2 
+ HDL + ox-LDL (25 pg/mL) 9.2 f 0.5t 
+ HDL + L-NNA (500 p.M) 6.7 + 0.7$ 

Neutrophils were incubated with various agents for 1 hr in 
Ca’+-rich buffer before measurement of NO synthease activity. 
Values are means + SD from 3 separate experiments. 

* P < 0.01 vs NO synthase activity in neutrophils incubated 
with ox-LDL. 

t P < 0.01 vs NO synthase activity in neutrophils incubated 
with ox-LDL alone. 

$ P < 0.05 vs NO synthase activity in neutrophils incubated 
with HDL. 

of atherosclerotic vessels of arterial segments exposed to 
oxidized LDL [4-6]. Our data, however, do not support 
the observations of Minor et al. [7], who noted increased 
synthesis of nitrosylated compounds, measured by 
chemiluminescence, in the supemates of atherosclerotic 
blood vessels. Chin et al. [24] have suggested that ox- 
LDL inactivates NO after its release, but they could not 
rule out the possibility that ox-LDL may have a direct 
inhibitory effect on NO synthesis. Most importantly, co- 
incubation of HDL with ox-LDL in our studies reduced 
the suppressive effect of ox-LDL on NO synthase activ- 
ity in neutrophils. Lack of any direct effect of HDL on 
NO synthase activity and modification of the effects of 
ox-LDL described herein are in agreement with the ob- 
servations of modification of ox-LDL-mediated loss of 
endothelium-dependent vasorelaxation by HDL [25]. 
HDL is believed to move cholesterol particles from cells 
to the circulation [26]. A similar extrusion of cholesterol 
from cytosol of neutrophils occurred when neutrophils 
were co-incubated with HDL and ox-LDL in our exper- 
iments. The inhibitory effect of ox-LDL on constitutive 
NO synthase activity in neutrophits is similar to that 
described recently in platelets and may be related to a 
decrease in NO synthase protein expression [27]. 

The inhibitory effects of ox-LDL and L-NNA on NO 
synthase activity were additive. Incubation of neutro- 
phils with L-NNA also resulted in reduction in NO syn- 
thase activity even in the presence of HDL. Thus, HDL 
is not protective against the effects of L-NNA on NO 
synthase activity in neutrophils. On the other hand, we 
observed that L-arginine consistently potentiated NO 
synthase activity in cells treated with ox-LDL. Girerd et 
al. [28] and Creager et al. [29] showed that administra- 
tion of large amounts of L-arginine results in at least a 
partial restoration of the bioactivity of NO in choles- 
terol-fed rabbits as well as in hypercholesterolemic hu- 
mans. Our studies provide direct evidence for reduction 
in the effect of ox-LDL on NO synthase activity when 
neutrophils are co-incubated with L-arginine. Other pre- 
liminary studies have suggested inhibition of experimen- 
tal atherosclerosis by administration of L-arginine [30]. 
Although the effect of systemic L-arginine administra- 
tion on leukocyte function, especially NO synthase ac- 
tivity, has not been defined, the observations on the ef- 
fect of L-arginine on NO synthase activity in neutrophils 
in vitro made in this study may be generalizable to blood 
vessels as well as monocytes and platelets. 

Recent studies have shown diminished NO synthase 
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activity in neutrophils of patients with hypertension or 
unstable angina pectoris [16, 171. These changes parallel 
the reduction in vascular NO synthesis in blood vessels 
of patients with similar conditions. NO synthase activity 
is also reduced in patients with hyperlipidemia and ath- 
erosclerosis [28, 291. The direct inhibitory effect of ox- 
LDL on NO synthase activity in neutrophils documented 
in this study provides a parallel to the observations in 
vascular tissues [4-6] and platelets [27]. 

Observations relative to the modulation of NO syn- 
thase activity in ox-LDL-treated neutrophils are provoc- 
ative. Pretreatment of neutrophils with two unrelated 
compounds, HDL and L-arginine, almost totally reversed 
the effects of ox-LDL. Again, these alterations parallel 
the effects of HDL and L-arginine on vascular tissues 
[25, 28, 291 and platelets [27]. Modalities, such as rais- 
ing HDL or administration of L-arginine, may be of ther- 
apeutic value in regulating NO synthase activity in a 
variety of tissues exposed to high concentrations of ox- 
LDL. 

A comment relative to the potent inhibitory effect of 
ox-LDL, but not native-LDL, on NO synthase activity 
needs to be made. In previous studies in vascular tissues, 
only the oxidatively modified form of LDL reduced en- 
dothelium-dependent relaxation [4, 61. Recent studies 
show that ox-LDL, but not native-LDL, reduces NO syn- 
thase activity in macrophages [31]. However, it is not 
known if neutrophils, like macrophages and endothelial 
cells, possess receptors for native LDL or ox:LDL. The 
cholesterol content of neutrophils increased in the 
present study, particularly when neutrophils were incu- 
bated with ox-LDL. An increase in cholesterol may well 
reflect phagocytic activity of neutrophils, or cholesterol 
incorporation may be a result of ox-LDL-mediated in- 
jury to the neutrophil cell membrane followed by passive 
diffusion. 

Relative to the mechanism of modulation by HDL and 
L-arginine of the effects of ox-LDL on NO synthase 
activity, HDL has been shown to reduce the incorpora- 
tion of cholesterol into tissue [26, 321, which may be the 
basis of modification of NO synthase activity. The pre- 
cise mechanism of action of L-arginine is not known, but 
it is possible that NO synthesis is enhanced as large 
amounts of substrate for NO synthase become available. 
In other preliminary studies on the effects of lipoproteins 
on the L-arginine-NO pathway, both HDL and L-arginine 
markedly attenuated the effect of ox-LDL on NO syn- 
thase activity in the platelet cytosol [27]. 

In summary, ox-LDL, but not native-LDL, decreased 
NO synthase activity in human neutrophils. This effect 
of ox-LDL was reversed rapidly by HDL and L-arginine. 
These alterations in neutrophil NO synthase activity par- 
alleled the effects of lipoproteins on vascular tissues. 

REFERENCES 

1. Zemel PC and Sowers JR, Relation between lipids and 
atherosclerosis: Epidemiological evidence and clinical im- 
plications. Am J Curdiol66: 71-121, 1990. 

2. Heiss G, Johnson NJ, Reiland S, Davis CE and Tyroler 
HEA, The epidemiology of plasma high-density lipoprotein 
cholesterol levels: The Lipid Research Clinics Program 
Prevalence Study. Circularion 62(Suppl IV): 116-136, 
1980. 

3. Steinberg D, Parthasarathy S, Carew TE, Khoo JC and 
Witztum JL, Beyond cholesterol: Modifications of low- 

density lipoprotein that increase its atherogenicity. N Engl 
J Med 320: 915-924, 1989. 

4. Simon BC, Cunningham LD and Cohen RA, Oxidized low 
density lipoproteins cause contraction and inhibit endothe- 
hum-dependent relaxation in the pig coronary artery. J Clin 
Invest 86: 75-79, 1990. 

6. 

7. 

5. Takahashi M. Yui T. Yasumoto H. Aovama T. Morishita 
H, Hattori R ‘and Kawai C, Lipoproteins are inhibitors of 
endothelium-dependent relaxation of rabbit aorta. Am J 
Physiol258: Hl-H8, 1990. 
Jacobs M, Plane F and Bruckdorfer KR, Native and oxi- 
dized low-density lipoproteins have different inhibitory ef- 
fects on endothelium-derived relaxing factor in rabbit aorta. 
Br J Pharmacol 100: 21-26, 1990. 
Minor RL Jr, Myers PR, Guerra R Jr, Bates JN and Har- 
rison DG, Diet-induced atherosclerosis increases the rc- 
lease of nitrogen oxides from rabbit aorta. J Clin Invest 86: 
2109-2116, 1990. 
Moncada S, Palmer RMJ and Higgs EA, Nitric oxide: 
Physiology, pathophysiology, and pharmacology. Pharma- 
co1 Rev 43: 109-142, 1991. 
Mehta JL, Dinerman JL, Mehta P, Saldeen TGP, Lawson 
DL, Donnelly WH and Wallin R, Neutrophil function in 
ischemic heart disease. Circulation 79: 549-556, 1989. 
Cole CW, Hagen PO, Lucas JF, Mikat EM, O’Malley MK, 
Radic ZS, Makhoul RG and McCann RL, Association of 
polymorphonuclear leukocytes with sites of aortic catheter- 
induced injury in rabbits. Atherosclerosis 67: 229-236, 
1987. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Mehta JL, Nichols WW and Mehta P, Neutrophils as po- 
tential participants in acute myocardial ischemia: Rele- 
vance to reperfusion. J Am Cofl Cardiol 11: 1309-1316. 
1988. 
Cathcart MK, Morel DW and Chisolm GH III, Monocytes 
and neutrophils oxidize low density lipoprotein making it 
cytotoxic. J Leukoc Biol 38: 341-350, 1985. 
Lawson DL, Mehta JL, Nichols WW, Mehta P and Don- 
nelly WH, Superoxide radical-mediated endothelial injury 
and vasoconstriction of rat thoracic aortic rings. J Lab Clin 
Med 115,541-548, 1990. 
Hibbs JB Jr, Taintor RR and Vavrin Z, Macrophage toxic- 
ity: Role of L-arginine deiminase and imino nitrogen oxi- 
dation to nitrate. Science 235: 473-476, 1987. 
Higuchi M, Higashi N, Taki H and Osawa T, Cytolytic 
mechanisms of activated macrophages. Tumor necrosis 
factor and L-arginine-dependent mechanisms act synergis- 
tically as the major cytolytic mechanisms of activated mac- 
rophages. J lmmunol 144: 1425-1431, 1990. 
Mehta JL, Lopez LM, Chen LY and Cox G, Alterations in 
nitric oxide synthase activity, superoxide anion generation 
and platelet aggregation in systemic hypertension, and ef- 
fect of celiprolol. Am J Curdiol74: 901-905, 1994. 
Mollace V, Romeo F, Martuscelli E, Rosano GMC, Fed- 
erici G, Nistico G and Marino B, Low formation of nitric 
oxide in polymorphonuclear leukocytes in unstable angina 
pectoris. Am J Cardiol74: 65-68, 1994. 
Steinbrecher UP, Witztum JL, Parthasarathy S and Stein- 
berg D, Decrease in reactive amino groups during oxidation 
or endothelial cell modification of LDL. Correlation with 
changes in receptor-mediated catabolism. Arteriosclerosis 
7: 135-143, 1987. 
Bryant JL Jr, Mehta P, Von der Porten A and Mehta IL, 
Co-purification of 130 kD nitric oxide synthase and a 22 
kD link protein from human neutrophils. Biochem Biophys 
Res Commun 189: 558-564, 1992. 
Allain CC, Popon LS, Chan CSG, Richmond W and Fu PC, 
Enzymatic determination of total serum cholesterol. Clin 
Chem 20: 47%475, 1974. 

21. Bradford MM, A rapid and sensitive method for the quan- 
titation of microgram quantities of protein utilizing the 
principle of protein-dye binding. Anal Biochem 72: 24% 
254, 1976. 

22. Wright CD, Mtilsch A, Busse R and Osswald A, Genera- 



Lipoproteins and neutrophil nitric oxide synthase 1185 

tion of nitric oxide by human neutrophils. Biochem Siophys 
Res Commun 160: 813-819, 1989. 

23. Salvemini D, deNucci G, Gryglewski RJ and Vane JR, 
Human neutrophih and mononuclear cells inhibit platelet 
aggregation by releasing a nitric oxide-like factor. Proc 
Nat1 Acad Sci USA 86: 6328-6332, 1989. 

24. Chin JH, Azhar S and Hoffman BB, Inactivation of endo- 
thelial derived relaxing factor by oxidized lipoproteins. J 
Clin Invest 89: l@-18, 1992. 

25. Schmidt K, Klatt P, Graier WP, Kostner GM and Kukovetz 
WR, High-density lipoprotein antagonizes the inhibitory 
effects of oxidized low-density lipoprotein and lysolecithin 
on soluble guanylyl cyclase. Biochem Biophys Res Com- 
mun 182: 302-308, 1992. 

26. Glomset JA, The plasma lecithins: Cholesterol acyltrans- 
ferase reaction. J Lipid Res 9: 155-167, 1968. 

27. Chen LY and Mehta JL, High density lipoprotein antago- 
nizes the stimulatory effect of low density lipoprotein on 
platelet function by affecting the L-arginine-nitric oxide 
pathway. Circulation 90: I-30, 1994. 

28. Girerd XJ, Hirsch AT, Cooke JP, Dzau VJ and Creager 
MA, L-Arginine augments endothelium-dependent vasodi- 
lation in cholesterol-fed rabbits. Circ Res 67: 1301-1308, 
1990. 

29. Creager MA, Gallagher SJ, Girerd XG, Coleman SM, Dzau 
VJ and Cooke JP, t_-Arginine improves endothelium-de- 
pendent vasodilation in hypercholesterolemic humans. J 
Clin Invest 90: 1248-1253, 1992. 

30. Cooke JP, Singer AH, Tsao P, Zera P, Rowan RA and 
Billingham ME, Antiatherogenic effect of L-arginine in the 
hypercholesterolemic rabbit. J Clin Invest 90: 1168-l 172, 
1992. 

31. Yang XC, Cai BL, Sciacca RR and Cannon PJ, Inhibition 
of inducible nitric oxide synthase in macrophages by oxi- 
dized low-density lipoproteins. Circ Res 74: 318-328, 
1994. 

32. Schmitz G, Brtining T, Williamson E and Nowicka G, The 
role of HDL in reverse cholesterol transport and its distur- 
bances in Tangier disease and HDL deficiency with xan- 
thomas. Eur Heart J ll(Supp1 E): 197-211, 1990. 


