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            Brit. Heart J., 1968, 30, 295. Mode of Action of Nitroglycerin in Angina Pectoris Correlation Between Haemodynamic Effects During Exercise and Prevention of Pain* BRIAN F. ROBINSON From the Department of Medicine, St. George's Hospital, London S.W. I Nitroglycerin is generally agreed to be the most effective drug available for the treatment of angina pectoris, but its mode of action remains uncertain. Two main explanations have been put forwird. The first suggests that it acts by lowering the arterial pressure and so reducing cardiac work; the second that it acts by dilating the coronary arteries and so improving the myocardial blood supply. For many years the coronary dilator action of the drug has been widely accepted as the probable mechanism for its therapeutic effect, and its action in reducing blood pressure has been regarded as of secondary importance, if not actually harmful. Attempts to demonstrate a beneficial effect on coronary flow in patients with ischaemic heart disease, however, have met with no success, and it appears that sub- lingual nitroglycerin is unable to increase the myo- cardial blood supply when the coronary arteries are diseased (Gorlin et al., 1959; Bernstein et al., 1966). This failure to confirm the coronary dilator theory has led to renewed interest in the possibility that the drug acts by reducing cardiac work, but the evi- dence to support this view is inconclusive. Most studies of the effect of nitroglycerin on the circu- latory response to exercise have shown that the drug reduces arterial pressure both in normal subjects and in patients with ischaemic heart disease (Eldridge et al., 1955; Muller and R0rvik, 1958; Christensson, Karlefors, and Westling, 1965; Najmi et al., 1967). In none of these investigations, however, have the changes in the circulatory response been correlated with the alteration in capacity for exercise. In consequence, though it is generally accepted that nitroglycerin does cause some attenuation of the circulatory response to exercise, it has been impossible to assess the extent Received August 17, 1967. * This investigation formed part of a thesis which was ac- cepted for the degree of M.D. by the University of London. 295 to which this action of the drug could account for its beneficial effect on exercise tolerance. The present investigation was designed to clarify this problem. SUBJECTS AND METHODS Nine patients with angina pectoris were investigated: there were eight men and one woman (Table I). Every patient gave a typical history of exertional chest pain, and most were regular users of nitroglycerin. None of the patients had established hypertension, though the arterial pressure exceeded normal levels in several at the time of the investigation. The heart shadow was of normal size on the standard chest radiograph in all except two patients who showed slight to moderate enlargement. The patients ate breakfast as usual on the morning of the investigation and they received no premedication. The temperature of the laboratory in which they were studied was not controlled, but was usually between 20-230C. The investigation formed part of a wider study of the circulation in angina and the methods used have been described in detail elsewhere (Robinson, 1967). In brief, a polyethylene catheter was introduced per- cutaneously into the brachial artery and advanced to the subclavian; arterial pressure was then recorded con- tinuously by means of a Statham 23D transducer and photographic recorder before, during, and after periods of standardized exercise. Eight of the patients exer- cised in the sitting position on a bicycle ergometer calibrated in watts; the remaining patient was unable to master the technique of cycling and performed a step test instead. Following a study of the patient's response to varying levels of exertion, a rate of work was selected which could be expected to cause angina in less than 5 minutes. The patient then performed a control period of exercise at this level with continuous recording of arterial pres- sure; exercise was discontinued when pain developed and the patient was allowed to rest for at least 10 minutes. Nitroglycerin (0 5 mg.) was then given sublingually and arterial pressure was recorded continuously with the -subject at rest sitting on the bicycle. Three minutes 
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Brit. Heart J., 1968, 30, 295.
 Mode of Action of Nitroglycerin in Angina PectorisCorrelation Between Haemodynamic Effects During Exercise and
 Prevention of Pain*
 BRIAN F. ROBINSON
 From the Department of Medicine, St. George's Hospital, London S.W. I
 Nitroglycerin is generally agreed to be the mosteffective drug available for the treatment of angina
 pectoris, but its mode of action remains uncertain.Two main explanations have been put forwird.The first suggests that it acts by lowering the arterialpressure and so reducing cardiac work; the secondthat it acts by dilating the coronary arteries and so
 improving the myocardial blood supply. For manyyears the coronary dilator action of the drug hasbeen widely accepted as the probable mechanism forits therapeutic effect, and its action in reducingblood pressure has been regarded as of secondaryimportance, if not actually harmful. Attempts todemonstrate a beneficial effect on coronary flow inpatients with ischaemic heart disease, however,have met with no success, and it appears that sub-lingual nitroglycerin is unable to increase the myo-cardial blood supply when the coronary arteries are
 diseased (Gorlin et al., 1959; Bernstein et al., 1966).This failure to confirm the coronary dilator theoryhas led to renewed interest in the possibility that thedrug acts by reducing cardiac work, but the evi-dence to support this view is inconclusive. Moststudies of the effect of nitroglycerin on the circu-latory response to exercise have shown that the drugreduces arterial pressure both in normal subjectsand in patients with ischaemic heart disease(Eldridge et al., 1955; Muller and R0rvik, 1958;Christensson, Karlefors, and Westling, 1965;Najmi et al., 1967). In none of these investigations,however, have the changes in the circulatoryresponse been correlated with the alteration incapacity for exercise. In consequence, though it isgenerally accepted that nitroglycerin does causesome attenuation of the circulatory response toexercise, it has been impossible to assess the extent
 Received August 17, 1967.* This investigation formed part of a thesis which was ac-
 cepted for the degree of M.D. by the University of London.295
 to which this action of the drug could account forits beneficial effect on exercise tolerance. Thepresent investigation was designed to clarify thisproblem.
 SUBJECTS AND METHODSNine patients with angina pectoris were investigated:
 there were eight men and one woman (Table I). Everypatient gave a typical history of exertional chest pain,and most were regular users of nitroglycerin. None ofthe patients had established hypertension, though thearterial pressure exceeded normal levels in several at thetime of the investigation. The heart shadow was ofnormal size on the standard chest radiograph in all excepttwo patients who showed slight to moderate enlargement.The patients ate breakfast as usual on the morning of
 the investigation and they received no premedication.The temperature of the laboratory in which they werestudied was not controlled, but was usually between20-230C. The investigation formed part of a widerstudy of the circulation in angina and the methods usedhave been described in detail elsewhere (Robinson, 1967).In brief, a polyethylene catheter was introduced per-cutaneously into the brachial artery and advanced to thesubclavian; arterial pressure was then recorded con-tinuously by means of a Statham 23D transducer andphotographic recorder before, during, and after periodsof standardized exercise. Eight of the patients exer-cised in the sitting position on a bicycle ergometercalibrated in watts; the remaining patient was unable tomaster the technique of cycling and performed a steptest instead.
 Following a study of the patient's response to varyinglevels of exertion, a rate of work was selected whichcould be expected to cause angina in less than 5 minutes.The patient then performed a control period of exerciseat this level with continuous recording of arterial pres-sure; exercise was discontinued when pain developed andthe patient was allowed to rest for at least 10 minutes.Nitroglycerin (0 5 mg.) was then given sublingually andarterial pressure was recorded continuously with the-subject at rest sitting on the bicycle. Three minutes
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 TABLE ICLINICAL DETAILS OF PATIENTS
 Case Age PreviousNo. (yr.) Sex infarction* Comments
 1 48 M Yes2 63 M Yes Moderate cardiac enlargement
 on chest radiograph3 49 M Probable4 60 M Yes5 41 M No6 67 M Yes7 52 M No Selective coronary arteriography
 showed severe disease of allmajor vessels
 8 57 M Yes9 57 F No Selective coronary arteriography
 showed generalized disease ofmajor vessels
 * Yes = pathological Q waves in electrocardiogram. Probable =episode of chest pain in past which was followed by pathologicalinversion of T wave.
 after the drug had been given, exercise was started againat the same rate as that used in the control study. If thedrug proved effective in postponing the onset of pain,the patient was allowed to continue exercise at the con-trol level of work for up to 5 minutes; if pain had still notdeveloped, the rate of work was then increased and thetest continued until the patient either developed pain orbecame limited by dyspnoea and fatigue. Heart rateand arterial pressure were measured at minute intervalsat rest and during exercise, and again at the time of onsetof angina. The rate was counted over the second halfof each minute while the arterial pressure was averagedover a period of 10-15 seconds. The ejection time wasmeasured from the onset of the pulse wave to theincisura.
 RESULTS
 In 6 patients the control work load was performedon two occasions before the administration of nitro-glycerin. When the responses during the twobouts of exercise were compared, it was seen that
 the differences between them were, on average,
 relatively small and did not achieve statistical sig-nificance (Table II). In the 3 other patients, theresponses during the control study were fully con-
 sistent with the responses previously observed atother levels of exertion. There was thus no evidencethat repetition of the work load had more than a
 slight effect upon either the circulatory response or
 the time taken to induce pain.
 Effect of Nitroglycerin. The circulatory changesproduced by nitroglycerin would be important inpreventing angina only inasmuch as they alteredthe oxygen requirements of the heart. It is, there-fore, necessary to assess the circulatory changes by anindex which reflects the work and metabolic require-ments of the myocardium rather than the externalwork of the heart. The index used in this study isthe product of heart rate and systolic blood pressure
 (rate-pressure product) corrected when necessary
 in direct proportion to changes in ejection time.The rate-pressure product would be expected tocorrelate with the oxygen requirements of the heartsince heart rate, ejection time, and arterial pressure
 are important determinants of myocardial oxygen
 consumption (Gerola, Feinberg, and Katz, 1957;Sarnoff et al., 1958; Monroe and French, 1961;Cooper, Braunwald, and Morrow, 1958). Further-more, it has been shown in a previous study that therate-pressure product tends to be relatively constantat the onset of pain in any given patient with anginaeven when there are wide variations in the type andintensity of exercise (Robinson, 1967).
 Rest. In all nine patients, nitroglycerin had a
 distinct effect upon the arterial pressure at restwhich started 1-1- minutes after the tablet was
 given (Fig. 1). By the end of the third minute(Table III), systolic pressure had fallen by an
 3LE IIRESPONSE TO DUPLICATE CONTROL BOUTS OF EXERCISE
 Control 1 Control 2
 Heart Blood Ejection Heart Blood EjectionCase Work Duration rate pressure time Duration rate pressure timeNo. (watts) (min.) /min. (mm. Hg) (sec.) (min.) /min. (mm. Hg) (sec.)
 1 40 2-75 112 295/145 0-25 2-25 108 290/135 0-262 40 3-5 124 135/78 0*22 4-75 136 130/78 -
 3 80 3-5 124 170/87 0*24 3-5 130 162/77 0*226 40 2-5 102 180/75 0*25 2-5 108 180/74 0*267 40 2-5 114 205/105 0-22 3-75 120 202/100 0 238 40 2-5 116 174/72 - 3-5 116 175/72 0-22
 Mean 2-88 115 193/94 P 3-38 120 190/89
 Signifi-cance N.S. N.S. N.S.
 N.S. =not significant.
 296
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 -15110I 1 1
 NITROGLYCERIN
 , , ,.....:.... M...........-.; Ls~~~~~~MIN. -
 FIG. 1.-Effect of sublingual nitroglycerin (0 5 mg.) on arterial pressure at rest. The drug has no detectableeffect for about li minutes; thereafter a progressive fall in systolic pressure is seen, with a smaller fall in
 diastolic pressure. The scale for arterial pressure is in mm. Hg.
 TABLE III
 EFFECT OF NITROGLYCERIN AT REST
 Control 3 min. after nitroglycerin
 CorrectedCase Heart Blood Ejection Rate- Heart Blood Ejection rate-No. rate pressure time pressure rate pressure time pressure
 /min. (mm. Hg) (sec.) productt /niin. (mm. Hg) (sec.) product
 1 64 190/90 0-28 122 76 170/100 - -
 2 72 128/80 0*22 92 92 105/72 0*21 923 80 118/72 0*24 94 94 100/69 0*21 824 116 150/95 0*18 174 142 135/90 0*17 1825 96 130/80 0*20 125 104 125/85 0*20 1306 76 120/58 0*25 91 90 110/60 0*22 877 74 180/90 0*24 133 78 170/92 0*23 1278 110 154/80 0-21 169 118 115/70 0-20 1309 66 180/72 0-32 119 70 155/70 - -
 Mean 84 150/80 0.22* 125* 96 132/79 0.21* 119*
 Signifi- syst. p < 0-01cance p<0-01 diast.N.S. p<0-02 N.S.
 * Excluding Cases 1 and 9. N.S. =not significant.t The rate-pressure product has been divided by 100 to reduce it to convenient units.
 average of 18 mm. Hg (range 5-39 mm. Hg), but inmost patients there was little change in the diastolicpressure; heart rate increased by an average of 12beats/min., and there was a slight reduction in theejection time; all these changes were statisticallysignificant. The rate-pressure product fell in somepatients, but it increased in others, and for the groupas a whole there was no significant change.
 Exercise. When the circulatory response to exer-cise after nitroglycerin was compared with that at thesame level of exercise in the control study, it wasseen that the drug had modified the response in allpatients (Table IV). Typically, the systolic pres-sure was lower, the heart rate higher, and the sub-clavian ejection time reduced; the diastolic pressurewas unchanged or fell only slightly. For the groupas a whole, the reduction in systolic pressureaveraged 19 mm. Hg (-10%), the rise in heart rate7 beats/min. (+ 5%), and the fall in ejection time0 03 sec. (-13%). The rate-pressure product wasreduced on average by 17 per cent (p <0 0l). Incontrast to these changes in the absolute response to
 exercise following nitroglycerin, the general patternof the increase in heart rate and arterial pressureover the first minute or so of exertion was not greatlychanged. The fall in systolic pressure and pulsepressure when exercise was stopped was, however,abnormally rapid, and in some patients large de-creases occurred within 5-10 seconds (Fig. 2).
 Effect of Nitroglycerin on Work of the Heart inRelation to Effect on Exercise Tolerance. In all ofthe 8 patients whose exercise tolerance improvedafter nitroglycerin, the rate-pressure product wasreduced when compared with the control study.The solitary patient (Case 8) whose exercise tolerancedid not improve was the only one in whom the rate-pressure product was not reduced. The failure toreduce myocardial work in this patient was not dueto defective absorption of the drug; systolic pressurefell substantially both at rest and during exercise,but the associated increase in heart rate was so greatthat the exercising rate-pressure product was notreduced.
 Nitroglycerin proved so effective in preventing
 297
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 TABLEEFFECT OF NITROGLYCtIN
 Control
 Case Work Duration Heart Blood Ejection Rate-No. (watts) (min.) rate pressure time pressure Symptoms|-- /min. (mm. Hg) (sec.) product
 1 40 2*25 108 290/135 0*26 313 Pain
 2 40 3*5 124 135/78 0 22 167 Pain
 3 80 3-5 130 162/77 0 22 211 Pain
 4 100 4-25 170 245/100 0-19 417 Pain
 5 60 3-75 130 155/80 0*23 202 Pain
 6 40 2-5 108 180/74 0 26 194 Pain
 7 40 3*75 120 202/100 0*23 242 Pain
 8 40 3-5 116 175/72 0-22 203 Pain
 9 Step 175 128 208/82 0-27 266 Paintest
 Mean 3-19 126 195/89 0 23 246
 * Estimates of statistical significance refer to the difference frorn the mean value in the control study.
 angina that it was possible to induce pain after thedrug in only 4 patients; in the other 5 tiredness anddyspnoea were the limiting factors. In thosepatients in whom pain was provoked, the rate-pressure product was always found to have reached alevel similar to or slightly above that at which painhad occurred in the control study. The rate-pressure product also reached higher levels afternitroglycerin than before in some patients who didnot develop pain; for the group as a whole, however,the maximum rate-pressure product attained afternitroglycerin averaged 2 per cent less than in thecontrol study (the difference is not significant). Inthose subjects who did attain higher rate-pressureproducts after nitroglycerin, the increases werealways relatively small with a maximum of 10 percent (Case 5) and an average of 5 per cent, and thiswas so even when the external work which could beachieved had been doubled.
 DISCUSSIONThe demonstration that nitroglycerin reduces the
 systolic blood pressure not only at rest but also
 during exercise, is in agreement with most previousobservations in both normal subjects and in patientswith ischaemic heart disease (Eldridge et al., 1955;Miller and R0rvik, 1958; Christensson et al., 1965;Najmi et al., 1967). In addition to the effect onarterial pressure, the present study has also shownthat nitroglycerin reduces the ejection time duringexercise. These findings are in contrast to those ofanother recent study of patients with angina(Hoeschen et al., 1966) in which no significantchange was found in either systolic pressure orejection time after nitroglycerin. The explanationfor this discrepancy is not clear, but it may reflectdifferences in the quantity of nitroglycerin absorbed.The reduction of systolic blood pressure and the
 shortening of the ejection time which were observedin the present study would both be expected toreduce the work and oxygen requirements of themyocardium. There is, however, a third mechan-ism by which the drug could reduce the load on theischaemic heart. Williams, Glick, and Braunwald(1965) have shown that nitroglycerin produces adecrease in ventricular dimensions at rest in man,
 298
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 IVON CIRCULATORY RESPONSE TO EXERCISE
 Nitroglycerin
 Work Duration Heart Blood Ejection Corrected Symptoms(watts) (min.) rate pressure time rate-pressure
 /min. (mm. Hg) (sec.) product
 40 2-25 100 230/110 0-24 212 No pain80 5 132 285/135 0-23 333 No pain40 3-5 128 138/85 0-19 152 No pain
 560 2 136 142/85 0-20 175 Pain
 80 3-5 146 135/68 0-20 179 No pain80 5 146 130/67 0-20 173 No pain100 4-25 174 220/95 0-17 343 No pain100 5 174 220/90 0-17 343 No pain60 3-75 134 148/80 0-20 172 No pain
 5100 3 150 170/85 0-20 222 No pain40 2-5 122 150/70 0-20 141 No pain
 580 3 148 173/75 0-20 199 No pain40 3-75 112 192/95 0-22 206 No pain
 580 2-5 138 200/92 0-21 252 Pain
 40 3*5 144 158/77 0*19 196 Pain
 Step 1-75 134 215/85 0-23 243 No paintest 2-75 140 230/90 0-23 274 Pain
 Control work 3 19 133 176/85 0 20 205
 syst. p < 0 05Significance* N.S. diast. N.S. p < 0-01 p < 0-01
 Maximum work 5-75 145 190/88 0-20 241
 Significance* p < 0-01 p<0 01 N.S. p < 0-01 N.S. -
 and Hoeschen et al. (1966) have observed a 9 percent reduction in the cardiac diameter during up-right exercise. A reduction in the size of theventricle would enable a given systolic pressure tobe achieved with a lower tension in the wall andwould thus reduce the metabolic needs of the heart.The effect of alterations in ventricular dimensions isnot allowed for in the index of myocardial oxygenconsumption used in the present study, and it isthus possible that the level of myocardial work afternitroglycerin has been overestimated. However,this would mean that the reduction in myocardialwork which followed the drug was underestimatedand the demonstration of an error in this directionwould only strengthen the conclusions which willbe drawn.
 In the patients studied, prevention of angina wasinvariably associated with a reduction in the workof the myocardium as measured by the rate-pressureproduct. In every patient whose exercise toleranceimproved, the ability to repeat the control workload without pain could be accounted for by a reduc-tion in the rate-pressure product. The only
 patient who failed to obtain any benefit was also theonly one who failed to show any reduction of hisexercising rate-pressure product. In those patientsin whom the alteration in exercise tolerance couldbe roughly graded, the degree of improvement wasclosely related to the reduction in rate-pressureproduct (Fig. 3). These findings suggest thatreduction of myocardial work is one way in whichnitroglycerin exerts its therapeutic effect, but theydo not exclude an additional effect upon the coronarycirculation. Further evidence is available on thispoint, however, since the investigation included anexamination of the circulatory response duringrelatively intense exercise after nitroglycerin. If animportant action of the drug were to improve themyocardial blood supply, it would be expected thatthe maximum rate-pressure product which could beachieved would be substantially increased. Noevidence of this was found. Only small increasesin maximum rate-pressure product were observedand it is probable that these changes did not signifya true increase in the working capacity of the myo-cardium since no allowance was made for the effect
 299
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 FIG. 2.-Effect of prior administration ofsublingual nitroglycerin (0*5 mg.) on the arterial pressure immediatelyafter upright exercise. (A). Control: exercise at 40 watts is stopped at the time shown by the arrow;systolic and diastolic blood pressure fall slowly over the following minute. (B). Nitroglycerin: exercise at80 watts is stopped at the time shown by the arrow; systolic and diastolic pressure fall very rapidly during thefirst 10 seconds of recovery. It is clear that measurements of blood pressure made during recovery would begrossly misleading in assessing the circulatory response during exercise. The scale for arterial pressure is in
 mm. Hg.
 of reduced ventricular size. Not all patients de-veloped pain after nitroglycerin, however, and it ispossible that some could have achieved slightlyhigher levels of rate and pressure had they beenstressed even harder.Whether or not nitroglycerin is sometimes able
 to produce a marginal increase in coronary bloodflow and so raise the capacity for myocardial work,it is clear that, in the patients studied, reduction ofthe circulatory response to exercise was a muchmore important factor in improving exercise toler-ance. For example, in the three patients whoshowed the greatest increase in exercise tolerance(Cases 1, 6, and 7), the average reduction of rate-pressure product during exercise was 20 per cent,but the average increase in maximum rate-pressureproduct was only 4 per cent. The results thussuggest that the main action of nitroglycerin is toalter the gearing between external stress and myo-cardial work so that the patient is able to achieve
 higher levels of exercise before the load on his heartis raised to the point at which pain develops. Itmust be noted that a small reduction in myocardialwork might sometimes result in a large increase inthe time for which exercise could be continuedwithout pain. If a patient subjected to a particularstress develops angina only as his circulatory re-sponse is approaching the steady state, a very smallreduction in the response might suffice to keep theload on the myocardium below the critical level andso enable him to continue indefinitely without pain.The failure to demonstrate an increase in the
 capacity for myocardial work after nitroglycerin isconsistent with the results of studies in whichcoronary flow has been measured. Brachfeld,Bozer, and Gorlin (1959) observed an increase inmyocardial blood flow after sublingual nitroglycerinin-subjects with normal coronary arteries, but thesame group was unable to demonstrate any increasein flow when the coronary arteries were diseased
 300
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 I II mFIG. 3.-Relation between the action of nitroglycerin inreducing rate-pressure product at control work load and itseffect in preventing the development of angina. I: no im-provement in exercise tolerance (Case 8); II: small improve-ment in exercise tolerance (Cases 2 and 9); III: large improve-ment in exercise tolerance (Cases 1, 5, 6, and 7). There is adistinct relation between the percentage reduction of therate-pressure product and the degree of improvement in
 exercise tolerance.
 (Gorlin et al., 1959). Other investigators usingdifferent techniques have also found that sublingualnitroglycerin is ineffective in increasing the myo-cardial blood supply in patients with ischaemicheart disease (Hollander, Madoff, and Chobanian,1963; Bernstein et al., 1966). An increase in thecalibre of the coronary arteries in response to nitro-glycerin has been clearly demonstrated by coronaryarteriography (Likoff et al., 1964), but this findingcannot be taken to imply that there is any increasein flow. The dilatation presumably involves theless severely diseased parts of the vessels, and thereis no evidence that the drug can reduce the resistanceoffered by the rigid obstructions which limit bloodflow.
 SUMMARYThe effect of nitroglycerin on the response to
 exercise was studied in nine patients with anginapectoris. Arterial pressure was recorded directlyand continuously at rest and during a control boutof exercise which was continued until the onset ofpain. Nitroglycerin (0 5 mg.) was then given sub-lingually and the study was repeated; exercise began3 minutes after the drug had been given and was
 continued, with an increase in the rate of work ifnecessary, until either pain was provoked ordyspnoea and fatigue prevented further effort.The typical response to nitroglycerin was a re-
 duction in systolic pressure and ejection time duringexercise with an increase in heart rate. The productof heart rate and systolic pressure corrected forchanges in ejection time (rate-pressure product),which is an index of the work and metabolic needsof the myocardium, was reduced on average by 17per cent (p < 0 01). The ability to repeat the con-trol work load without provoking pain was alwaysassociated with a reduction in the exercising rate-pressure product. The maximum rate-pressureproduct which could be achieved, however, showedlittle or no increase (average change -2%: maxi-mum increase +10%), and this was so even inpatients who were able to exercise at double thecontrol work load without pain. There was thusno evidence to suggest that the drug produced asignificant improvement in the capacity for myo-cardial work in any of the patients studied. It wasconcluded that the beneficial effect of nitroglycerinin angina pectoris could be accounted for largely, ifnot entirely, by its effect in attenuating the circula-tory response to exercise.
 I wish to thank Professor A. C. Dornhorst, Dr. A.Leatham, and Dr. T. R. E. Pilkington for allowing meto study patients who were under their care; I wouldalso like to thank Mr. W. Brough and Mr. J. Hynd fortechnical assistance.
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