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Summary

1)

2)

3)

4)

5)

6)

The major categories of hypotheses of nitrate tolerance are a) irhpaired nitrate
bioconversion resulting in diminished nitric oxide (NO) release b) increased NO
clearance mediated via increased generation of superoxide (O;") and/or c)
desensitization of guanylate cyclase. The supporting evidence for these studies is

based largely on animal studies.

The primary aim of the experiments described in this thesis was to investigate the
mechanism(s) of nitrate tolerance) in vessels from patients receiving a 24 hour
intravenous infusion of glyceryl trinitrate (GTN) at 10 pLg/min. The vessels studied
were isolated segments of internal mammary artery (IMA) and saphenous vein (SV)

obtained from patients undergoing coronary bypass surgery.

Pharmacological studies were performed in organ baths with the vessels mounted

under tension (2g for IMA,; 1g for SV).

Responses to GTN were reduced 3- to 5-fold in the vessels from the nitrate group
compared with vessels from control patients, demonstrating induction of a moderate

degree of tolerance with this GTN regimen.

Tolerance was associated With minimal cross-tolerance to sodium nitroprusside
(SNP) and A23187, indicting that tolerance was nitrate-specific. Other studies
confirmed that GTN and SNP vasodilator action are mediated via guanylate cyclase
in human vessels. The lack of significant cross-tolerance was therefore consistent

with the impaired bioconversion hypothesis

This finding was supported by measuring bioconversion of GTN to 1,2-glyceryl
dinitrate (1,2-GDN) following brief exposure to GTN. The concentration of 1,2-GDN
was lower in segments of SV from the nitrate group compared with segments from

the control group, indicating impairment of the bioconversion process.
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8)

9)

viii
With regard to the O, hypothesis, IMA O, generation was found to be greater in
segments from the nitrate group than from those in the control group. However,
inhibition of superoxide dismutase in vitro, which produced a 3-fold increase in IMA

O, generation, did not affect responses to GTN or bioconversion of GTN. These

results suggest GTN action is insensitive to acute increases in redox stress.

Removal of the endothelium did not affect GTN responsiveness in IMA segments
from either control or tolerant patients, suggesting that tolerance induction is

independent of the endothelium.

Diphenyleneiodonium (DPI) was found to have only a small inhibitory effect on the
relaxant responses of IMA to GTN in control segments, suggesting that the
cyctochrome-P450 enzyme system play a minor role in GTN-induced vasodilation in

human vessels.

10) Co-infusion of intravenous N-acetylcysteine (NAC) at 10 g/24 hours with GTN had

minimal effect on the vasodilator responses to GTN and bioconversion of GTN,
Similarly, exposure of tolerant and non-tolerant vessels to NAC in vitro did not affect
responsiveness to GTN. These results provide evidence that NAC does not prevent or

reverse GTN tolerance in these human vessels.

11) Vessels obtained from patients receiving prophylactic oral nitrate therapy (60-120 mg

ISMN-SR once-daily or 10-20 mg ISDN thrice-daily) exhibited cross-tolerance to
GTN. A secondary finding was that tolerance to GTN was seen up to 29 hours
following the last dose of ISMN-SR, whereas there was no evidence of tolerance 17

hours after the last dose of ISDN..

12) The availability of control data permitted evaluation of the determinants of de novo

vasodilator responses to GTN. Hyporesponsiveness to GTN (GTN resistance) was
observed in the IMA but not SV, and was associated with increasing total number of
risk factors for coronary artery disease and specifically with prior

hypercholesterolaemia, smoking or diabetes mellitus. In addition, a correlation was
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found between IMA responses to GTN and responses to A23187, a conventional

marker of endothelial function.

13) Prior hypercholesterolaemia was also associated with higher levels of O, generation.
These experiments demonstrate that the presence of some risk factors for coronary
artery disease may impair responses of arterial smooth muscle to GTN. Furthermore,
the results suggest that the mechanism underlying this “resistance” to GTN may be

related to increased redox stress.



