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Abstract--The effects of nitroblue tetrazolium (NBT), a well-known scavenger of superoxide anions 
and an inhibitor of nicotinamide adenine dinucleotide (NADPH)-dependent oxidations, were assessed 
on the metabolism of glyceryl trinitrate (GTN) to nitric oxide (NO) by bovine aortic smooth muscle 
cells (SMC). The extent of this metabolism was determined by measuring NO formed, using the 
inhibition of thrombin-induced platelet aggregation and relaxation of rabbit aortic strips as bioassay 
systems. In addition, NO produced from GTN by SMC was measured as nitrite (NO;), one of its 
breakdown products. The antiplatelet effect of GTN (44 PM) was potentiated by SMC (0.12-0.46 x 10s 
cells) treated with indomethacin (10 FM) and this was inhibited in a concentration-dependent manner 
when the cells were pretreated with NBT (lOOguM). NBT (3-100 FM) also reduced the formation of 
NOi from GTN (600 PM) by SMC (3 x lo5 cells). Furthermore, relaxations of endothelium-denuded 
strips of the rabbit aorta by GTN (10-9-10-6 M) were attenuated when the strips were pretreated with 
NBT (100 or 5OOpM). The formation of NO from L-arginine (L-Arg) by SMC was not affected by 
NBT. The hy~tensive responses to GTN (0.25-l mg/kg, i.v.) in anaesthetized rats were inhibited by 
pretreatment with NBT (1.25 mg/kg, i.v.) but NBT did not alter the hypotensive responses induced by 
SIN-I. Thus, NBT inhibited the bioconversion of GTN to NO both in uitro and in uivo. NBT may be 
a useful pharmacological tool to investigate the enzymic pathway(s) involved in the conversion of GTN 
to NO by smooth muscle cells or other cells. 

Key words: glyceryl trinitrate; nitroblue tetrazolium; smooth muscle; nitric oxide; platelets 

GTNI/ is an organic nitrate ester widely used in the 
treatment of coronary artery disease. It relieves 
chest pain occurring during myocardial ischaemia 
mainly by producing venodilatation and subsequently 
decreasing the cardiac preload. Although there is 
clear evidence that GTN acts through stimulation of 
the soluble guanylate cyclase in SMC [l] and platelets 
through the formation of nitric oxide intracellularly 
[2-5a], the mechanism of its biological conversion 
to NO is still not clear. Recently, a crucial role of 
the availability of SH in the action of GTN has been 
suggested [l, 5b]. According to this hypothesis, GTN 
interacts in vascular SMC with SH to form nitric 
oxide (NO). 
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Thus GTN, like other nitroso impounds such as 
NaNP or SIN-l, the metabolite of molsidomine, 
produces vasorelaxant and antiplatelet activity by 
releasing NO which, in turn, increases cGMP levels 
in target cells [6]. However, in contrast to NaNP or 
SIN-l, which spontaneously decompose into NO, 
GTN requires an enzymatic bioconversion to NO to 
exert its pharmacological activity [7]. 

NO is a nitrogen radical which is endogenously 
generated from L-Arg in EC [S], SMC [3,9] and 
many other cell types (for a review see [lo]). Its 
production occurs through a Ca2+/calmodulin- 
dependent constitutive enzyme (NO synthase), 
which has close similarities to NADPH diaphorase 
[ 111. In addition, stimulation of cells with endotoxin 
or cytokines induces a Ca*+-independent NO 
synthase isoform [12]. 

The biological activity of NO can be prevented by 
enhancing its degradation (e.g. with oxyhaemo- 
globin, which oxidizes NO to nitrate [13]), or by 
blocking the NO-dependent activation of guanylate 
cyclase (e.g. with methylene blue; [l, 141). At 
present, no inhibitor of the bioconversion of GTN 
to NO in SMC has been reported. 

Here, we have investigated whether NBT, a 
soluble tetrazolium salt which undergoes NADPH- 
dependent reduction producing an insoluble, visible 
product (form~an), inhibits the bi~onversion of 
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GTN to NO in cultured SMC. This was assessed by 
using platelet aggregation and relaxation of vascular 
smooth muscle as bioassays for NO production and 
by measuring the levels of nitrite (NO;, the 
breakdown product of NO) in SMC supernatants in 
the presence of GTN. In addition, the hypotensive 
effect of GTN in rats either untreated or pretreated 
with NBT has been investigated. 

MATERIALS AND METHODS 

The composition of the modified Il.51 Krebs’ 
bicarbonate buffer was (mM): 137 NaCl, 2.7 KCI, 
11.9NaHCO,, 0.3NaHzP04, 0.8MgS04, 5.6 
glucose, 1 CaCl*. SOD (from bovine erythrocytes), 
sodium pyruvate, NADPH, L-lactic dehydrogenase, 
bovine serum albumin, indomethacin, sulfanilic acid, 
~-(1-naphthyl)e~ylene diamine dihydrochloride, 
NazCOs, potassium sodium tartrate, CuS04, Folin 
and Ciocalteus reagent 2N, sodium nitrite, human 
thrombin, and NBT were obtained from Sigma 
(Poole, U.K.). Glyceryl trinitrate (Nitronal, GTN) 
was obtained from Lipha Pharmaceuticals Ltd (West 
Drayton, U.K.) and phosphoric acid from BDH 
Analar (Essex, U.K.). Prostacyclin was a gift from 
the Wellcome Research Laboratories (Beckenham, 
U.K.) and SIN-l a gift from Hoechst (Hounslow, 
U.K.). Pentobarbitone sodium BP (Sagatal) was 
obtained from Veterinary Drug Co. (Slough, U.K.). 
U46619 was a gift from the Upjohn Co. (Kalamazoo, 
MI, U.S.A.). For the in uivo experiments, GTN 
(Venitrin) was obtained from Simes (Milan, Italy). 

Preparation of SMC. Bovine aortic SMC were 
characterized by the presence of a specific alpha 
actin using a Sigma kit and were prepared as 
previously described [3]. Indomethacin (10 PM) was 
added to all final cell suspensions to prevent the 
formation of cyclooxygenase products. When 
required, SMC were incubated with NBT (3O~M) 
for 30 min. 

PZatelet uggregatian. Human washed platelets were 
prepared as previously described [16]. The platelet 
count was adjusted to 1.5-2 x 10s/mL and in the 
presence of indomethacin (10 ,nM) was incubated at 
37” in a Payton dual channel aggregometer [17] with 
continuous stirring at 1000 rpm and then stimulated 
with thrombin (40-80 mU/mL) to give submaximal 
aggregation (80-90%). The decrease in optical 
density was recorded for 5 min. After a 3 min 
incubation with platelets, the inhibitory effects of 
GTN on platelet aggregation induced by thrombin 
was measured either alone or in the presence of 
SMC treated or not treated with NBT (1~~M). 
Inhibition of platelet aggregation was calculated as 
described previously [18]. 

Nitrite analysis. The formation of NO; from GTN 
by SMC in the absence or in the presence of NBT 
(3-lOOpM), diluted in Krebs’ buffer containing 
indomethacin (1OpM) and SOD (100 U/mL) and 
then exposed to stirring (37”, 1000 rpm) for 30 min, 
was measured by the Griess reaction [19]. GTN 
(600 ELM), non-treated SMC, SMC treated with NBT 
(flOOpM), or a mixture of GTN and cells were 
diluted in Krebs’ buffer in the presence of SOD 
(lOOU/mL) and mixed for 30 min at 37”. The 
reaction was then terminated by adding L-lactic 

dehydrogenase (10 U/mL) and sodium pyruvate 
(1 mM), the samples centrifuged and each super- 
natant allowed to react with the Griess reagent 
(1% sulphanil~ide/O.l% ~-(l-uaphthyl)ethylene 
diamine ~hy~ochloride/2.5% H,PO,) to form a 
stable cromophore absorbing at 546 nm. NO; 
concentration was determined using sodium nitrite 
as a standard. Results are expressed as net amount 
of nmol NOT/mg protein as described previously 
]51* 

Protein assay. Protein concentration was measured 
by the Lowry method [ZO] with bovine albumin as a 
standard. 

Organ bath experiments. Male New Zealand White 
rabbits (2.0-2.6 kg) were anaesthetized with sodium 
pentobarbitone (Sagatal, 30 mg/kg) and exsangui- 
nated. The thoracic aorta was rapidly removed, 
cleared of adhering periadventitial fat and cut into 
rings of 5mm width. The rings were cut open, 
denuded of endothelium and mounted in 20 mL 
organ baths filled with warmed (37’), oxygenated 
(95% Oz/5% COJ Krebs’ solution consisting of 
(mM): NaCl118,KCl4.7, KH2P041.2,MgS04.7Hz0 
1.17, CaC& 2.5, NaHCOs 25 and glucose 5.6. 
Changes in isometric tension were measured with 
Biegstab K 30 type 351 transducers (Hugo Sachs 
ElektroniK) attached to MK II transducer couplers 
(Z.T.S., London, U.K.) and recorded on a 
Linearcorder mark VII WR 3101 (Graphtec). The 
tissues were equilibrated at a resting tension of 2 g 
for 2 hr and the Krebs’ solution was changed every 
15 min. The tissues were then washed and cumulative 
concentration-response curves to the thromboxane 
Ar analogue U46619 (3-100nM) were produced. 
When the tone of the tissue reached a plateau, the 
absence of an intact endothelium was confirmed by 
the lack of relaxation of the strips in response to 
acetylcholine (10e6M). After 1.5 hr of washing, the 
strips were contracted with U46619 (30nM) to 
produce a 80-90% maximal contraction. When the 
contraction was stable, SOD (100 U/mL) and NBT 
(100-500 PM) were added to the bath for 30 min. A 
cumulative concentration-response curve to the 
relaxant effect of GTN (10-9-10-6M) was then 
constructed. In some experiments, the strips were 
relaxed by adding bovine aortic endothelial cells on 
beads (10 pL) treated with indomethacin (10 PM) 
directly into the organ bath. GTN-induced and bead- 
induced responses were expressed as a percent 
reduction in the U46619-induced tone. 

In vivo measurements. Adult male Wistar 
normotensive rats (Morini, S. Polo d’Enza, Reggio 
Emma, Italy) were used throughout. The animals 
were anaesthetized with sodium pentobarbitone 
(55 mg/kg) before surgical preparation. Catheters 
(PE 50)) filled with heparinized saline (200 U/mL) 
were inserted into the left common carotid artery to 
record blood pressure and heart rate and into the 
jugular vein for i.v. injection of drugs. The animals 
were allowed to stabilize for at least 20 min after 
surgery. Blood pressure and heart rate were 
monitored on a Gemini polygraph via Bentley 
transducers (Ugo Basile, Comerio Varese, Italy). 
The mean arterial pressure was calculated as the 
diastolic blood pressure plus one-third of the pulse 
pressure. To calculate drug-induced cardiovascular 
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responses, the area under the curve of mean arterial 
pressure (expressed as mm Hg/min) was calculated 
according to the trapezoidal rule [21]. GTN 
(0.25-l mg/kg) or SIN-l (0.25 mg/kg) were given as 
an infusion of 200pL/min. Each rat was used for 
only one dose of the drug. In other experiments, 
rats were pretreated with NBT (1.25 mg/kg) 30 min 
before GTN (0.25-l mg/kg) administration. 

Cell viability. Cell viability in the absence or 
presence of NBT was always greater than 95% as 
assessed by the uptake of trypan blue. 

Statistics. Results are expressed as means + SEM 
for (N) experiments. Each experiment on platelets 
was performed with blood from a different donor. 
Student’s unpaired t-test was used to determine the 
significant difference between means and a P value 
of co.05 was taken as significant. 

RESULTS 

Effect of NBT on nitrite production from GTN by 
SMC and on the antiplatelet effect of GTN in the 
presence of SMC 

Incubation of GTN (600 PM) with SMC (3 x lo5 
cells) for 30 min led to the formation of 
16.5 +- 0.6 nmol NO;/mg protein. This production 
was reduced in a concentration-dependent manner 
when SMC were treated with NBT (lo-100 PM) 
30min beforehand (Fig. 1). Similarly, the potenti- 
ation of the antiplatelet effect of GTN (44pM) by 
SMC (0.12-0.36 X lo5 cells) was reduced when the 
cells had been treated with NBT (100 PM) for 30 min 
(Fig. 2A). A representative trace of the experiments 
is shown in Fig. 2B. We have previously shown 
that the inhibition of thrombin-induced platelet 
aggregation by bovine aortic SMC is mediated by 
the release of NO from the L-Arg to NO pathway 
[5]. This release is, however, not affected by NBT, 
for a 30 min preincubation of the SMC (0.24 x lo5 
cells) with NBT (100pM) failed to modify their 
antiplatelet effects (from 34 ? 6% inhibition with 

C +NBT +NBT +NBT +NBT 

3W 10pM 30pM 100pM 

Fig. 1. NO; production by SMC exposed to GTN (600 PM) 
for 30 min is reduced in a concentration-dependent manner 
by treating the cells with NBT (3-100pM) for 30 min. 
Vertical bars represent the means + SEM of five 
experiments. Results are expressed as nmol NO;/mg 
protein. *P < 0.005 when compared to the values obtained 

in the absence of NBT. 

GTN SMC SMC SMC 
44prvl 0.12 x 105 0.24 x 105 0.36 x 105 

+ GTN + GTN + GTN 
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@) 
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Fig. 2. (A) SMC (A) potentiate the anti-platelet activity 
of GTN (44 PM) and this effect is reduced when SMC are 
pre-incubated with NBT (0; 100 PM) for 30 min. Results 
are expressed as % inhibition of platelet aggregation. 
Vertical bars represent the means 2 SEM of three 
experiments. *P < 0.025; **P < 0.0005; ***P < 0.01 when 
compared to the value obtained in the absence of NBT. 
(B) A representative trace showing inhibition of platelet 

aggregation with GTN, SMC and NBT. 

control cells to 38 + 4% inhibition with cells treated 
with NBT, N = 10, P < 0.3). This indicated that the 
release of NO from the L-Arg to NO pathway is not 
affected by NBT. 

Organ bath experiments 

Incubation of rabbit aortic strips for 30 min with 
NBT (100 or 500 yM) had no effect on the 
contractions produced by the thromboxane AZ 
analogue, U46619 (3-100 nM). GTN (1O-g-1O-6 M), 
induced a concentration-dependent relaxation which 
was attenuated by NBT as indicated by a significant 
shift of the dose-response curve of GTN (Fig. 3). 
Addition of EC on beads to the organ bath relaxed 
strips precontracted with U46619 by releasing NO, 
for these relaxations were abolished by MeArg 
(100 PM, N = 4, not shown). However, strips treated 



Fig. 3. Effect of NBT on GTN-induced relaxation of rabbit aartic strips denuded of endothehum. The 
tissues were preconstricted with U46619 (30nM) to produce approximately 9O-100% of maximal 
contraction. When the contraction was stable, a cumulative dose/response curve to GTN (10-9-10-6 M) 
was constructed (0). The administration of IOO~M (W) or SOO@f (A) NBT 30min before GTN 
induced a ~ncentration-dependent reduction of the relaxant effect of GTN. Results are expressed as 
% change in the U466~9-induced tone. Each point represents the mean 2 SEM of four experiments, 
each performed with strips from different rabbits. Aft values after NBT were signi~cant~~ different 

from controls (P = <0.05). 

with the highest concentration of NBT tested from GTN by SMC. The inhibitory effect of NBT 
(500pM) responded to the vasorelaxant effects of appeared to be specific for the metabolism of GTN 
NO released from endothelial cells (100 FL) similarly to NO for it did not alter the release of NO from 
to non-treated strips (N = 3, not shown). the r.+-Arg-NO pathway. 

Haemodynumi~ responses to GTN in non-treated ruts 
or in rats treated with NBT 

GTN (0.25-l mg/kg) caused a dase-dependent 
decrease in blood pressure and an increase in heart 
rate (N = 4 for each dose, not shown). These 
responses were abrogated by NBT (1.25 mg~kg) 
given 30min before GTN (0.25-I mg/kg) (Fig. 4). 
This dose of NBT did not cause sig~i~cant &ranges 
in blood pressure (108 4 4 mm Hg in non-treated 
rats; 10.5 + 3 mm Hg in NBT-treated rats, N = 3). 
The hypotensive effects of SIN-1 (0.25 mg/kg) at a 
concentration that caused a similar decrease in blood 
pressure as that obtained with GTN (1 mg/kg), was 
not modified by the NBT treatment (N = 4, data not 
shown), 

The present experiments show that NBT, a 
tetrazole salt used during h~st~h~micnl studies to 
reveal the presence of NADPH diaphorase enzymes 
(being NADPH-dependently converted into an 
insoluble, visible metabolite) ill], inhibits the 
bioconversion of GTN to NO in vitro as well as in 
uivo. This is shown in uitro by the reduction of the 
anti-platelet activity of GTN in the presence of SMC 
or by the reduction of Go-induced relaxation of 
rabbit aortic strips produced by co-incubation with 
NBT. In addition, NBT reduced NO; formation 

01 
0.25 0.5 1 

GTN W&%/W 

Fig. 4. NBT (1.25 mg/kg) (a) reduces the hypotensive 
effect of GTN (0.25-l mg/kg) (A). NBT was given 30 min 
before GTN. Results are expressed as area under the curve 
(AUC) for the change in mean arterial pressure (MAP; 
mm ~g/min). Each point is the mean +- SEM of AUC for 
the changes in four rats. *P < 0.05 and **P < 0.001 when _ . 

compareo to control values. 
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These in vitro results have been confirmed in viuo, 
for the hypotensive response to GTN in rats was 
significantly reduced by pretreating the animals with 
NBT at a concentration which by itself, did not 
affect the blood pressure. NBT did not affect the 
hypotensive response of SIN-1 which spontaneo~ly 
releases NO, thus showing that the NBT antagonistic 
effect in uivo was specific for GTN and did not affect 
the biological activity of NO-donors other than 
GTN, It is also unlikely that NBT would have altered 
the effect of other nitrovasodilators in vitro. 

Thus, NBT dose-dependently attenuates con- 
version of GTN to NO, in agreement with previous 
observations showing that GTN is metabolized to 
NO by different cell types, including SMC, EC, 
macrophages and astrocytoma cells [4,5,22,23] 
through an enzymatic pathway which is different 
from the i.-Arg-NO pathway [ZZ]. The metabolism 
of GTN to NO occurs in various cell types and is 
different from the pathway in hepatocytes which 
reduces plasma levels. 

The mechanism by which NBT prevents the 
metabolism of GTN to NO will have to be identified. 
However, the inhibition is not competitive since the 
dose-response curves to GTN on rabbit aortic strips 
in the presence of NBT are flattened rather than 
being shifted to the right. NBT can be reduced either 
during non-specific diaphorase-mediated reactions 
linked to oxidation of NADPH [24] or by reacting 
with superoxide anions [25]. It is possible that NBT 
removes substrate or inhibits activity of the enzyme 
metabolising GTN to NO in some other way. 

In the liver, GTN denitration to its metabolites 
I ,2- and 1,3-glyceryl dinitrate, is mainly carried out 
by cytosolic hepatic giutathion~-~-transferase and 
glutathione reductase [26,27]. The cytochrome P450 
enzyme system has been reported to be involved in 
the metabolism of GTN to NO in hepatocytes [ZS] 
and in LLC-PK1 pig kidney epithelial cells [29]. 
While inhibitor of these pathways block the 
enzymatic conversion of GTN to NO in the liver 
and the kidney f26], they are not involved in SMC 
or EC [.S, 29,301. Thus, the enzyme converting GTN 
to NO in SMC or EC resembles a NADPH-oxidase 
where NO formation occurs independently of other 
GTN to NO biotransformation systems. 

In conclusion, our experiments show that NBT 
attenuates the vasorelaxant and anti-platelet effect 
of GTN in vascular SMC via a reduction of NO 
generation. This may help to explain the mechanism 
of action of GTN on vascular smooth muscle. 
Furthermore, NBT, because of its selective effect 
on the metaboiism of GTN to NO, could represent 
a novel approach to reversing inappropriate 
hypotensive responses which sometimes occur during 
GTN administration. 

Acknowledgements-We thank Dr R. Botting for editorial 
help and MS E. Wood for culturing the cells used in this 
study. This work was supported by a grant from Glaxo 
Group Research Ltd. 

14. Martin W, Villani GM, Jothianandan D and Furchgotr 
RF, Selective blockade of endothelium-dependent and 
glyceryl trinitrate-induced relaxation by hemoglobin 
and by methylene blue in the rabbit aorta. J Pharmacoi 
Exp Ther 232: 708-716, 1985. 

15. Sneddon JM and Vane JR, Endothelium-derived 
relaxing factor reduces platelet adhesion to bovine 
~ndothelial cells. Proc Had Acad Sci USA fS5: 280& 
2804,1988. 

1. Ignarro IJ, Lippton H, Edwards JC, Baricos WH, 16. Radomski MW and Moncada S, An improved method 
Hyman AL, Kadovitz PJ and Gruetter CA, Mechanism 
of vascular smooth muscle relaxation by organic 

for washing of human platelets with prostacyclin. 
Thromb Res 30: 383-389, 1983. 

nitrates, nitroprusside and nitric oxide: evidence 
for the involvement of S-nitro~tbiois as active 
intermediate. J Phnrmacol Exp Ther 218: 739-749, 
1981. 

2. De Caterina R, Giannessi D, Bernini W and Mazzone 
A, Oqanic nitrates: direct antiplatelet effects and 
synergism with prostacy&&. Antiplatelet effects of 
organic nitrates. Thromb ~~erno~~~~ 59: 207-211, 
1988. 

3. M&lace V, Salvemini D, &gg&d E and Vane J, Nitric 
oxide from vascular smooth muscle celXs: regulation of 
platelet reactivity and smooth muscle cells guanylate 
cyclase. Br J Pharmacol 104: 633-638, 1991. 

4. Benjamin N, Dutton JAE and Ritter JM, Human 
vascularsmooth muscle cells inhibit platelet aggregation 
when incubated with glyceryl trinitrate: evidence for 
generation of nitric oxide. Br J Pharmacol 102: 847- 
850, 1991. 

5s. Saivemini D, MoBace V, Pistelli A, .&g&d E and 
Vane J, Metabulism of giyceryl trinitrate to nitric oxide 
by endotheiia~ cells and smooth muscle cells and its 
induction by E. coli lipopolysaccharide. Proc Nat1 Acad 
Sci USA 89: 982-986, 1992. 

Sb. Seth P and Fung H-L, Biochemical characterization of 
a membrane-bound enzyme responsible for generating 
nitric oxide from nitr~giyceri~ in vasc&r smooth 
mu&e cells. Biochem Pharmacot 46~ 1481-1486.1993. 

6. Feelisch M, The biochemical pathways of nitric oxide 
formation from nitrovasodilators: appropriate choice 
of exogenous NO donors and aspects of preparation 
and handling of aqueous NO solutions. J Cardiouasc 
Pharmacoj 17: 525-533, 1991. 

7. Chong S and Fung HL, Biochemical and pharma- 
cological interaction between nitroglycerin and thiols. 
Effects of thioi structure on nitric oxide generation and 
tolerance reversal. Biochem Pharmacof 42: 1433-1439, 
1991. 

8. Palmer RMJ, Ferrige AG and Moncada S, Nitric oxide 
accounts for the biological activity of endotheIium- 
derived relaxing factor.-Nature 88: .4ll-415, 1987. 

9. Wood KS, Buga CM, Byrns RE and Ignarro 
LJ, Vascular smooth muscle-derived relaxing factor 
(MDRF) and its close similarity to nitric oxide. Biochem 
Biophys Res Crrmmun 170: 80-87, 1990. 

10. Moncada S, Palmer RMJ and H&s EA, Nitric 
oxide: physiology, patboph~~iolo~y and pharma~~ogy. 
Ph~rmacol Rev 43: 109-142,1991. 

II. Dawson TM, Bredt DS, Fotuhi M, Hwang PM and 
Snyder SH, Nitricoxide synthaseand neurona NADPH 
diaphorase are identical in brain and peripheral tissues. 
Proc Nat1 Acad Sci USA 88: 7797-‘7801, 1991. 

12. Farstermann LJ, Schmidt HHHW, Poliock JS, Sheng 
H, Mitchell JA, Warner TD, Nakane M and Murad 
F, Endothelium-derived relaxing factor/nitric oxide 
synthase: characterization and purification from 
different cell types. Biochem Pharmacol42: 1849-1857, 
1991. 

13. Haussmann HJ and W~rringioer J, Nitric oxide 
and nitrite forma~ou during degradation of N- 
nitrosoamines. ~a~~y~ Schmie~eber~ Arch Fharmacol 
329: R21, 1985. 



1742 A. PISTELLI er al. 

17. Born GVR and Cross MJ, The aggregation of blood 
pfatefets. J Physioll68: 17&195, 1963. 

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

19. Green LC, Wagner DA, Glogowski J, Skipper JS, 
Wishnock JS and Tannenbaum SR, Analysis of nitrate, 
nitrite and [‘SN]nitrate in biological fluids. Anal 
Biochem 126: 131-138, 1982. 

20. Lowry OH, Rosenbrough NV. Farr AL and Randall 
R, Protein measurement with the Folin phenol reagent. 
J Biol Chem 193: 265-275, 1951. 

21. Tallarida RJ and Murray RB, banzai of Phar- 
macoiogical Calculation with Computer Programs, pp. 
47-49. Springer, Berlin, 1981. 

22. Salvemini D, Pistelli A and Vane J, Conversion of 
glyceryl trinitrate to nitric oxide in tolerant and non- 
tolerant smooth muscle and endothelial cells. Rr J 
Pharmacol 108: 162-169, 1993. 

23. Salvemini D, Mollace V, Pistelli A, Anggird E and 
Vane JR, Cultured astrocytoma cells generate a nitric 
oxide-like factor from endogenous L-arginine and 
glyceryl &nitrate: effect of E. coli lipopolysaccharide. 
Er J Pharmacol 106: 931-936, 1992. 

24. Thayer WS, Superoxide-dependent and superoxide- 
independent pathways for reduction of nitroblue 

tetrazohum in isolated rat cardiac myocytes. Arch 
Biuchem Biophys 276: 139-145, 1990. 

25. Beauchamp C and Fridovich I, Superoxide dismutase: 
improved assays and an assay applicable to acrylamide 
gels. Anal Biochem 44: 27&287, 1971. 

26. Needleman P and Johnson EM Jr, Mechanism of 
tolerance development to organic nitrates. J Pharmacol 
Exp Ther 184: 709-71.5, 1973. 

27. Lau DTW and Benet LZ, Nitroglycerin metabolism in 
subcellular fractions of rabbit liver. Dose dependency 
of glyceryl dinitrate formation and possible involvement 
of multipie isoenaymes of glutathione S-transferases. 
Drug Metab Dispos 18: 292-297. 1990. 

28. Servent D, Delaforge M, Ducrocq C, Mansuy D and 
Lenfant M, Nitric oxide formation during microsomal 
hepatic denitration of glyceryl trinitrate: involvement 
of cytochrome P450. Biochem Biophys Res Commun 
163: 1210-1216, 1989. 

29. Schroder H and Schrtir K, Cvtochrome P450 mediates 
bioactivation of glyceryl trinitrate in cultured cells. In: 
Bioloav of Nitric Oxide, Vol. 2. /Eds. Moncada S. 
Marl&a M Jr, Hibbs J Jr and Higgs EA), pp. 38-40: 
Portland Press, London, 1992. 

30. Liu ZG, Brien JF. Marks GS, McLaughlin BE and 
Nakatsu K, Lack of evidence for the involvement of 
cytochrome P450 or other hemoproteins in metabolic 
activation of glyceryl trinitrate in rabbit aorta. J 
Pharmacoi Exp Ther 264: 1432-1439, 1993. 


