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SUMMARY 

This thesis describes studies on the circulatory pharmacology of 

clonidine and papaverine, which have i n common a hypotensive action 

but have entirely oppos ite peripheral· vascular effects . 

The nature of cloni dine's l ocal a ction on blood vessels and its 

effect on vascular responsiveness to catecholamines was examined in 

man and animals . In normotensive man, intra-arterial clonidine caused 

cutaneous vasoconstr i ct ion in the forearm and hand which was mediated 

by adr energic alpha receptor s . Intravenous clonidine caused a 

sustained fall in blood pressur e and heart rate, and an increase in 

the vascular resistance of t he hand during and briefly after the 

i nfusion . Chronic ant ihypertensive treatment with clonidine also 

resulted in a f al l i n blood pressure and heart rate . and an increase 

in hand vascular resistance . The cardiovascular effects of intra

arterial and intravenous noradrenali ne were i n crea s ed by both intra

venous and chr onic cloni dine. 

Experimen t s with animal isolated vascular preparations from 

normotensive an imal s confirmed t ha t acute clonidine causes a direc t 

rather than an i ndire ct adrenergic alpha receptor stimulati on and 

that it has the properties of a partial agonist. Chronic admi ni s

trat ion to rats did not cause arterial or venous smooth muscle 

supersensitivity to noradrenaline, methoxamine or potassium chloride, 
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nor did this treatment have any obvious effect on the monoamine 

fluorescence in these vessels. The doses used in these animals, 

though insufficient to cause a fall in blood pressure, were more than 

double those which had previously been shown to decrease vascular 

responsiveness to vasoconstrictors and vasodilators in the cat. In 

contrast, chronic reserpine and chronic guanethidine treatment did 

cause vascular supersensitivity and also catecholamine depletion. 

Since the animal studies failed to demonstrate vascular supersensi

tivity after chronic clonidine, it is suggested that the increased 

responses to noradrenaline observed in the human studies resulted from 

the additive stimulant effects of clonidine and noradrenaline at the 

adrenergic receptor, rather than true vascular supersensitivity. 

The second drug whose effects on the human were examined was 

papaverine. It was confirmed that, in contrast to clonidine , intra

arterial papaverine has a vasodilator effect on the human hand and 

forearm. Papaverine was also administered intravenously and orally 

to determine whether the doses recommended for oral administration 

produce blood levels capable of causing vasodilatation. Intravenous 

infusion resulted in an increase in heart rate, occasional ectopic 

beats and an increase i n forearm b l ood flow, all of which were of 

brief duration . Plasma concentrations of the drug reached peak 

values during or shortly after the infusion and then declined rapidly 

to about half peak values within thirty minutes. The onset and 
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duration of cardiovascular effects correlated well with plasma 

concentrations . In chronic studies papaverine in a sustained 

release formulation was administered daily. The plasma level at 

the end of a week with each of the two doses was only about one

sixth of that associated with vasodilator effects after intravenous 

administrat ion . With the lower dose there was no consistent change 

i n the heart rate or blood flow to the hand or forearm though the 

reflex vasoconstric tion in the hand in response to the Valsalva 

manoeuvre was potentiated. The higher dose consistently reduced 

forearm blood flow and reflex responses were not consistently changed. 

At neither dose level was there any correlation between the plasma 

concentration and the cardiovascular effect in an individual subject. 

It was concluded that papaverine lacks significant vasodilator 

effects when given orally, even in doses five to ten times those 

which cause vasodilatation and cardiac effects when given intra

venously, and the failure to achieve adequate plasma concentrations 

of the drug is the most probable cause for this finding. 
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PREFACE 

Clonidine hydrochloride is an imidazoline derivative with anti

hypertensive properties. In contrast to most other antihypertensive 

drugs, it probably lowers arterial pressure by an inhibition of 

sympathetic structures in the central nervous system, rather than 

by impairment of peripheral autonomic or vascular function. 

Clonidine also causes adrenergically mediated vasoconstriction, and 

there is evidence that acute administration causes an increase i n 

the vascular responsiveness to catecholamines. However, there is 

other evidence that chronic clonidine administration depresses 

vascular sensitivity to catecholamines . The studies described in 

Part I of this thesis were therefore undertaken to investigate the 

effect of acute and chronic clonidine administration on the blood 

vessels in man and animals, particularly its effect on vascular 

sensitivity to noradrenaline. 

Papaverine hydrochloride is another drug with hypotensive 

properties . In contrast to clonidine, it causes a dilatation of 

blood vessels by a direct action on vascular smooth muscle. This 

ef fect is potent when the drug is applied locally on the vessel, but 

vasodilatation after oral administration is weak. However, greater 

vasodilator effects during oral administration have been claimed 

for a new sustained release preparation. Part II presents human 
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studies undertaken to determine the correlation between plasma 

concentrations of papaverine and its cardiovascular effects during 

acute (intravenous) and chronic (oral sustained release) adminis

tration . 



P A R T I 

CLONIDINE 



CHAPTER 1 

formula 2- (2,6-dichlorophenylamino)-2-imidazoline hydrochloride 

(Fig . 1.1) . Its structure resembles that of tolazoline (an adrenergic 

blocking drug), naphazoline and tetrahydrozoline (sympathomimetics) 

and antazol i ne (an ant:lhistarninic) . Boehringer Ingelheim (Germany) 

developed clonidine while searching for new vasoconstrictors among 

imidazoline derivatives, and its hypotensive effect was observed first 

i n man during trials as a nasal decongestant (Graubner & Wolf, 1966). 

Thereafter, research on clonidine was directed towards elucidating 

the mechanism of its hypotensive action and assessing its therapeutic 

potential as an antihypertensive agent. 

Animal experiments confirmed that a prolonged and dose 

dependent fall in ar terial pressure and heart rate were c lonidi ne 's 

most prominent effects (Hoefke & Kobinger , 1966). A number of other 

studies verified its antihypertensive effect in patients (Grabner, 

Michalek, Pokorny & Vormittag , 1966 ; Kochsiek & Fritsche, 1966; 

Michel, Zimmerman, Nassehi & Seraphim, 1967). However, clonidine 

differs from other antihypertensive drugs because blood pressure is 

probably lowered by an inhibition of central sympathetic structures 

rather t han by ganglionic blockade or adrenergic neurone or receptor 

blockade (e . g . Hoefke & Kobinger , 1966; Kobinger & Walland, 1967; 

Sattler & Van Zweiten , 1967 ; Rand & Wilson, 1968; Bentley & Li, 

1968; Schmitt, Schmitt, Boissier, Giudicelli & Fichelle , 1968; 



Clonidine 

Tolazoline 

Naphazoline 

Antazoline 

Fig. 1.1 The structural formulae of clonidine, tolazoline, 

naphazoline and antazoline. 
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Hughes, 1968). 

In man, Hokfel t , Hedeland & Dymli ng (1970) have provided evidence 

that c l onidine (acute and chronic ) causes a dose dependent decrease 

i n sympathetic activi t y i n patients with essential and other t ypes of 

hypertension . A fall i n blood pressure and heart rate occurred in all 

patients except one who had a phaeochromocytoma . Thes e changes were 

cl osely paralleled by a reduction in the urinary catecholamine 

excretion. Plasma renin activity and urinary aldosterone also fell 

during c l on1dine treatment , though these changes were delayed in 

r e lation to t he fall in catecholami nes . The authors s uggested that a 

reduction in sympathetic act ivity was responsib le, not only f or the 

antihypertensive effect , but also for the fall i n renin activi ty and 

aldosterone excrer1on. Furthermore, interruption of clonidine trea t

ment was accompanied by rebound sympathetic overactivity character

ized by hyper tension , anxiet y , nervousness, res tlessness and a marked 

i ncr ease in urinaty catecholamines. Although confirmatory studies on 

the effect of clonidi ne on urinary or plasma catecholamines have not 

been undertaken , the withdrawal rebound phenomenon has since been 

noted by several groups (Toubes, Mcin t osh, Kirkendall & Wilson, 19 71; 

Hoobler & Sagastume, 1971) . 

Trearment of hypertension with a number of the anrihypertensive 

drugs which have a sympathetic blocking ac t ion, e.g. guanethidine and 

bethanidine, may be associated with undesirable degrees of postural 
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hypotens i on at a time when supine blood pressure is still inadequately 

controlled , In contrast, this disadvantage is not commonly encountered 

with antihypertensive doses of clonidine, nor has exercise hypotension 

been reported (e . g. Kochsiek & Fritsche, 1966; Kellet & Hamilton, 

1970) , Such evidence suggests that t he inhibition of sympathetic 

activity is only partial. There is experimental evidence that an 

i ntr avenous dose of 150 mcg, although causing significant hypo tens ion , 

does no t significantly impair the cardiovascular homeostatic reflexes 

to passive tilting, the Valsalva manoeuvre or supine exercise 

(Iisalo & Laurila, 1967 ; Barnett & Cantor , 1968; Muir, Burton & 

Lawrie, 1969). However , larger singl e oral doses (e.g. 0 . 45 - 0.75 

mg) are associated wi t h a significant postural hypotension and lack 

of reflex incr ease i n the total peripher al resistance (Onesti, Schwartz, 

Kim, Swartz & Brest , 1969). There i s evi dence from animal studies 

that suffic i en tly strong sti muli, such as the diving reflex or an 

arterial oxygen tension of 30 mm Hg, can still elicit homeostatic 

cardiovascul ar reflexes a fter doses of c lonidine of 20 to 200 mcg/kg 

(Kobinger & Oda , 1969 ; Shaw, Hunyor & Korner, 1971). The experiments 

of Shaw et a& , (1971 ) also provided evidence which i ndicated that 

i nhibit i on of t he c i r culatory reflexes probably occurs at the l evel 

of the central autonomic s tructures . 

Briefly then, the animal and human experimental data is com

patible with the hypothesis that cl onidine's hypotensive effect 
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results from a dose dependent inhibition of central sympathetic 

structures. Because such a mode of action is unique among the 

currently available antihypertensive drugs, clonidine is a useful 

addition to the therapeutic armamentarium for the treatment of hyper-

tension . 

The immediate haemodynamic cause of the hypotensive effect of 

acute clonidine varies with the dose. Low doses (e.g. 1 mcg/kg) cause 

a reduction of the total peripheral resistance and little or no change 

\ 
in the car diac output and heart rate (Kochsiek & Fritsche, 1966; 

Constantine & Mc shane, 1968) . With larger doses (>2 mcg/kg) the fall 

in arterial pressure almost i nvariably results from a decrease in 

heart rate , cardiac output and stroke vo lume, while the total 

peripheral resistance is usually unchanged or only falls slightly 

(e . g. Grabner et al . , 1966 ; Michel et aZ . , 1966; Onesti et al., 

1969; Muir et aZ . , 1969). However, an i ntravenous injection of doses 

of 2 mcg/kg or more causes a biphasic blood pressure response in 

which the hypotension is preceded by a brief rise in pressure result-

ing from adrenergic alpha receptor stimulation (e .g. Hoefke & 

Kobinger, 1966 ; Rand & Wilson, 1968; Merguet, Heimsoth, Murata & 

Bock, 1968). As Hoefke & Kobinger (1966) showed, the pressor response 

results from a brief rise in the total peripheral resistance since 

the cardiac output and heart rate are falling at this time. In man, 

the vasoconstriction responsible for the rise in peripheral resistance 
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is probably limited to the skin and cerebral circulations (Bock, 

Heimsoth, Merguet & Schoenermark, 1966; Deisenhannner & Klausberger, 

1966), since pulmonary vascular resistance, renal vascular resistance 

and hepatic blood flow show little or no change (e.g. Kochsiek & 

Fritsche, 1966; Grabner et al., 1966). Ehringer (1966) infused 

clonidine intra-arterially and intravenously to differentiate the 

local vascular effects from reflex effects of systemic administration 

on blood vessels . He demonstrated that infusion into the femoral 

artery caused a dose dependent reduction in blood flow to the calf 

and foot . Because the effect in the foot (largely composed of skin) 

was more marked than that in the calf (largely muscle), he concluded 

that the major site of the vasoconstriction was skin. Unfortunately, 

Ehringer did not directly measure skin and muscle blood flow, nor 

did he seek to confirm that the vasoconstriction is adrenergically 

mediated in man as it is in animals. Thus, in man, there is onl y 

indirect evidence that the cutaneous vasoconstriction results from 

adrenergic alpha receptor stimulation . 

The effects of chronic treatment with clonidine have not been 

adequately documented and the hypotensiop may result from different 

haemodynamic mechanisms than apply in the acute situation. Human 

studies to obtain such evidence are confronted with a number of 

difficulties, e.g. the variability of cardiac output in an individual 

at different times even under similar conditions, the probability 
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that treatment will include orher ant ihypertensive drugs in addition to 

clonidine, a nd the f r equency with which pa tients withdraw from int en

sive fol l ow-up studies . In view of t hese difficulties, it i s not 

surprising tha t ther e has been only one r eported attempt to assess the 

haemodynamic e ffects o f chr onic c loni dine treatment . Reubi, Vorburger & 

Biltikofer (1970) studied f our patient s befor e and 13 to 31 months after 

starting treatment with cl onid i n e (0 . 45-0 . 9 mg daily) and frusemide 

(plus guane t h i dine i n two) . They f ound that the fall i n blood pressure 

was accompanied by a f al l i n Lotal peripheral resistance and a s l ight 

increase in the ca rdi a c i ndex, This i s the r everse of the haemodynamic 

response to a cute a dmin i s tration of such doses. To explain the dis

crepancy the au t ho r s suggested that t he init i al r educt i on in cardiac 

output and f a ll in blood pressure caused a compensatory dilatation of 

blood vessels i n or der to maintain adequate t i ssue blood flow . However, 

there is other ev i denc e t hac va s os pasm, and even Raynaud ' s phenomenon, 

occur during pro longed tl'.ed. t t11eni: with simila r doses (e . g . Iis alo & 

Laur ila, 1967; Kel l e t & HamilLon , 1970; Winchester & Kenn edy, 1971). 

Most stud i es have also no t ed tha t th~ bradycardia persists (e . g. Bock 

et al . ,, 1966; Hok.fel t et al. ~ 1970) . Therefore, i n cont rast to the 

observat i ons of Reub i e·t al . (1970) ) there is some evi dence that two of 

the haemodynamic consequences of acute admini stration a lso occur during 

clinical use . However ) the effecc uf ch ronic clonid i ne on peripheral 

blood vessels needs to be confi rmed b y a c tual measurements of blood flow. 
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Another aspec t of the chronic use of clonidine on which there is 

conflicting evidence is the development of t olerance to its anti

hypertensive ac tion . An i ncidence varying from as low as 16% to as 

high as 60% has been reported by several groups (e.g. Ng, Phelan, 

McGregor, Laverty, Taylor & Smirk, 1967; Davidov, Kakaviatos & 

Finnerty, 1967; Smet, Hoobler, Sanbar & Jul i us, 1969 ). In these 

clinical trials the phenomenon developed between one and ten months 

after starting treatment. Increasing the dose of the drug usually 

resulted i n regaining con tro l of the blood pressure, though t hree to 

four times the original dose was occasionally required . I n contrast , 

others (e.g. Sung, Samet & Yeh, 1971; Mroczek, Leibel & Finnerty, 

1972) have not observed tolerance occurr i ng with treatment l a sting up 

to t wo years . There is al so divergence of opinion as to the possible 

mechanism(s) causing tolerance. For example, Davidov et ai. (1967) 

considered that tolerance was related to fluid and sodium retention , 

and they were ab l e to reverse the effect by adding a diuretic to the 

treatment. But others have not found evidence to support such a 

mechanism of action (e.g. MacDougall, Addis , MacKay, Dymock, Turpie , 

Ballingall, McLennan, Whiting & MacArthur , 1970). 

There is evidence from animal studies tha t acute clonidine (5-10 

mcg/kg) i ncreases the presser effect of adrenaline and noradrenal ine 

(e. g . Kundig , Monnier, Levin & Charlton , 1967 ; Rand & Wilson, 1968; 

Bentley & Li, 1968) . Therefore , the possibility that vascular 
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supersensitivity to catechol amines may cause tolerance to clonidine 

should be considered . As studies with other antihypertensive drugs 

have shown, an increase in general cardiovascular responsiveness to 

catecholamines does not constitute evidence that the sensitivity of 

peripheral vessels is also increased. For example, hexamethonium and 

bretylium do not increase peripheral vascular sensitivity to nor

adrenaline even though the pressor effect of this catecholamine is 

increased (Hodge & Whelan, 1962; Cooper, Fewings, Hodge & Whelan, 

1963). Furthermore, according to Trendelenberg (1963), an increase 

in peripheral vascular responsiveness to catecholamines can only be 

termed supersensitivity if the treatment causes an approximately 

parallel shift to the left of the complete dose response curve . 

Without evidence from such curves additive effects may be misinter

preted as supersensitivity. Such additive effects occur when the 

drug under study causes an effect which is simil ar to that of nor

adrenaline, and thus increased responses to subsequent injections of 

noradrenaline result from simple addition of effects. Dose response 

curves after pretreatment with these drugs are convergent rather than 

parallel (Trendelenberg, 1972) . The necessary experiments to deter

mine whether or not clonidine causes vascul ar supersensitivity have 

not been done. However, Zaimis and Hanington ( 1969) have shown 

that chronic clonidine (10-20 mcg/kg/day) decreases rather than 

increases vasoconstrictor responses of t he cat f emoral artery to 
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single injections of noradrenaline, adrenaline and angiotensin. These 

findings may indicate that chronic treatment actually results in 

vascular subsensitivity, but such a conclusion needs to be confirmed 

by determining the effect of clonidine on full dose response curves. 

Thus the possible role of vascular supersensitivity in the development 

of tolerance to clonidine remains to be clarified. 

The vasodilator effect of isoprenaline is also decreased by 

chronic clonidine (Zaimis & Hanington, 1969). In view of the evidence 

that it depresses vascular smooth muscle reactivity to both vaso

constrictors and vasodilators, Zaimis & Hanington (1969) suggested 

that clonidine might be of value in the prophylaxis of migraine. 

Clinical trials have confirmed that it is more effective than placebo 

in preventing migraine attacks (e.g. Sjaastad & Stensrud, 1971; 

Shafar, Tallet & Knowlson, 1972). However, despite its probable 

efficacy i n this condition, it is not known whether depressed 

vascular reactivity occurs in man or, if it does, whether such an 

effect is the correct explanation of the beneficial action it has in 

migraine. 

On the basis of the increased cardiovascular response to exogenous 

catecholamines after acute clonidine the suggestion has been made that 

it may influence uptake, storage and release of catecholamines in the 

body (Dollery & Conolly, 1970). The observation that the pressor 

response to clonidine is reduced by cocaine (Boissier, Giudicelli, 
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Fichelle, Schmitt & Schmitt, 1968) supports this possibility, However, 

in another study, cocaine had no such effect (Rand & Wilson, 1968). 

In addition, Hoefke & Kobinger (1966) did not find any depletion of 

the noradrenaline content of the rat heart even after doses of 

clonidine as large as 5 mg/kg daily given for three days. Thus the 

possible role that uptake and release mechanisms of sympathetic nerves 

may play in the action of acute and chronic clonidine remains unclear . 

In summary , cloni dine probably exerts its antihypertensive 

effect by inhibition of central sympathetic structures, which, after 

acute administration, leads to a reduction of cardiac output, heart 

rate and blood pressure, with the total peripheral resistance being 

unchanged or only slightly reduced . There is also evidence of a 

sympathomimetic vasoconstrictor effect which is responsible for the 

brief initial rise in peripheral resistance and pressor response 

characteristic of i ntravenous clonidine administration. During 

chronic administration of antihypertensive doses there is unconfirmed 

evidence that the cardiac output is increased and the total peri

pheral resistance decreased . However , t here is also evidence that 

cutaneous vessels are constricted dur i ng chronic use. There is 

therefore a need for fur ther investigation of the effect of acute and 

chronic clonidine administration on human peripheral vessels. 

Tolerance to clonidine 1 s ant ihypertensive effect has been noted 

in a number of studies, although the mechanism by which this occurs 
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is unknown. Acute administration causes an increased cardiovascular 

responsiveness to noradrenaline and adrenaline which suggests that 

vascular supersensitivity to catecholamines may contribute to the 

development of tolerance. However, there is evidence that vascular 

responsiveness is depressed during chronic administration. This 

finding needs confirmation before vascular supersensitivity is 

excluded as a possible mechanism contributing to the occurrence of 

tolerance. The greater pressor response to catecholamines seen with 

acute administration may be an indication that clonidine interferes 

with the uptake, storage and release of catecholamines by adrenergic 

neurones although there is other evidence which is not consistent 

with such an effect. The possibility that clonidine has an effect on 

peripheral adrenergic neuronal mechanisms needs to be examined by 

further studies. 



CHAPTER 2 

INTRODUCTION 

The vasoconstrictor effec t of c l onidine in animals has been shown 

to result from adrenergic alpha receptor stimulation (e.g . Kobinger & 

Walland, 1967; Constantine & McShane, 1968), but there has been no 

direct confirmation of this mechanism of action in man. Another 

aspect of the human pharmacology of clonidine which has received scant 

attention is its effect on cardi ovascular sensitivity to catechol

amines or other vasoactive agents. Merguet et al. (1968) studied the 

effects of acute clon i dine on the r esponses to intravenous catechol

amines, but effects on l ocal vascular sensit i vity, as disti nct from 

generalized car diovascular sens i tivity, were not determined. 

Furthermore, the effect of chronic c l onidine on sensitivity to 

catecholamines in man has not been r eported . 

The studies reported in this chapter were undertaken to: 

1. Det ermine the mechanism and site of acute clonidine's local 

vascular action in man; 

2. Examine , in nor mo tensive and hypertensive subjects, the effects 

of acute and chronic cloni dine on the local vascular and general 

car diovascular sensitivity to noradrenali ne . 

METHODS 

Subjeats and Laboratory Condit-ions 

The subjects for t hese experiments were 21 healthy male 

volunteers, and two patients with essential hypertension, all of 
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whom gave informed consent to the procedures undertaken on them. The 

studies were performed in a laboratory at ambient temperatures ranging 

0 0 from 24 to 28 C, though the temperature during any particular study 

varied less than ± 0.5° C. The subjects lay supine on a couch for 

at least t hirty minutes before recordings began, and during thi s time 

the recording apparatus was applied and the appropriate catheters or 

infusion needles inserted . 

Systemic Arte~ial Pressure 

During the studies in which clonidine or noradrenal i ne were 

i nfused intravenously (I . V.) systemic arterial pressure was measured 

directly chrough a catheter inserted into the brachia! artery. Using 

local anaesthesia, the catheter was placed in the artery in the ante-

cubital fossa by means of a modified Seldinger techni que (Seldinger, 

1953) and a 19 or 20 gauge Riley needle . It was then connected to a 

Statham pressure transducer (P23 DC) by means of a length of saline 

filled polyethylene tubing and the transducer output was recorded by 

a Grass polygraph (model 5 D). The frequency response of the whole 

recording system accurately reproduced the output of a sine-wave 

generator (Ardill, Fenrem & Wellard, 1967) up to 10 Hz which is 

adequate to accurately record arterial pressure when the heart rate 

is less than about 100 beats/min (Geddes, 1970). The internal 

electrical calibration in the polygraph recorder was regularly 

checked with a mercury manometer. The patency of the intra-arterial 
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(I.A.) catheter was maintained during the experiment by intermittent 

flushing with heparinized saline solution . Mean arterial pressure 

(M .A.P .) was derived using the formula, M.A.P. = 1/3 (S + 2D), where 

S is the systolic and D che diastolic press ure in mm Hg . 

Heart Rate (H.R .) 

The subjec ts who had arterial pressure recorded also had limb 

electrodes applied, and the standar d electrocardiograph lead which 

was most suitable for counting the H.R. was selected to be recorded 

by the Grass polygraph , The H, R. was r ead by counting either the R 

waves of the E. C.G , or the systolic peaks of the arterial pressur e 

trace . 

Hand and Forearm Blood Flow (H.B . F. and F.B.F.) 

Two methods which yield information about hand or f orearm blood 

f low were used in the human s t udies report ed i n this thesis . Firstly, 

venous occlusion pl ethysmogr aphy was app l i ed to measure the t otal 

hand or f orearm flows . Secondl y , meas urement of oxygen saturation in 

blood samples from superfi cial and deep veins in t he forearm wer e 

used t o give a qualitat i ve indication of blood flow through skin and 

muscl e, respect ively, i n t his segment of t he limb . 

Venous oaai usion plethysmography 

The basic pr inciple of t he techni que is that the venous outflow 

from the limb is occluded fo :c a shor t: i nterval without directly 

i nterfering with arterial i nflow. The i nitial rate of increase in 
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limb volume is then taken to be the r ate of arterial inflow (Brodie 

& Russell, 1905) (see also Appendix). A water-filled plethysmograph 

with temper atur e control (Greenfield, 1954) was used to measure the 

limb swelling, and t emperatures of 32° C and 34° C for the hand and 

the fo r earm, r espectively (Barcroft & Edholm, 1946) , were maintained 

during the exper iments . The ple t hysmograph was usually coupled by air 

transmission to a float recor der with a frontal wr iting pen applied 

to a smoked dr um kymograph (Greenfield, 1960) . In some experiments 

the increase i n p l e t hysmograph hydrostatic pressure, rather t han 

volume, was recorded using a Statham transducer (low pressure, P23 

BC) and a Ri kadenki pen writing r ecorder . Calibration was by air 

displ acement i nto t he air transmiss i on to t he float r ecor der or by 

water displac.ement i nto the transducer. 

During t he measur ement of F . B.F . distal circulation to the hand 

was ar res t ed by an arterial occ lusion cuff i nflated to 200-250 

mm Hg a t least one minute bef or e flow r ecording began (Grant & 

Pearson, 1938 ; Ker slake , 1949). The duration of conti nuous occl usion 

was limi~ed t o 15 to 20 minutes which was t olerat ed by every subject . 

Infla t i on and deflation of t he venous occlus i on cuffs was au tomated 

by i n corporating a &equ,ence timer (Paton Indus tries, Adelaide) and 

electrically oper a ted s olenoid valves which released the air f rom 

cyli nders of compressed a ir via pressure r egulators. Three or four 

flows wer e recorded each minute by limiting the venous occlusion t o 
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9 to 15 seconds and deflation time to 4 to 6 seconds. 

In the application of the technique and the experimental procedure 

used the present studies substantially followed the methodology of 

Greenfield (1960) and Greenfield, Whitney & Mowbray (1963). The 

interpretation and reading of flow records was as described by these 

authors, and direct readings of blood flow in ml/100 ml of tissue/min 

were obtained with the aid of a slide caliper (Greenfield et al., 

1963) . 

Forear'm venous oxygen (02 ) saturation measurements 

Venous occlusion plethysmography can only indicate changes in the 

total blood flow through a limb segment and not a change in the patter n 

of distribution of flow to its various tissues. The detection of 

changes in flow distribution to two important vascular beds i n the 

forear m, ski n and muscle can be obtained in a number of ways, though 

none of these is compl etely satisfactory. The method used in the 

present clonidine s t udies yields qualitative information only by 

measuring changes i n the Oz saturation of s erial venous blood samples 

from muscle and skin (Mottram, 1955; Roddie, Shepherd & Whelan, 1956). 

It is assumed that during the experimental procedure the arterial Oz 

saturation and the tissue Oz extraction remains constant, so that 

any changes i n the venous Oz saturation sampled from the two circu

lations accurately reflect changes in the blood flow distribution, 

i . e . a rise in Oz saturation in blood from one vascular bed indicates 
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an increase i n flow to that vascular bed and a fall indicates a flow 

reduction . 

Catheters (Intra~ath No. 17, Bardic) were passed r etrogradely 

into a superfic ial (skin) and a deep (muscle) vein in the antecubital 

fossa percutaneously with the aid of local anaesthesia (Mottram, 1955; 

Roddie et al . , 1956) . Intermittent flushing with a heparinized saline 

solution maintained the patency of the catheters. To establish that 

true represent ative samples from the skin and muscle circulations 

were being obtained with minimal mixing of the two, the cor rect 

placement of ca t heters was confirmed by the response to indirect 

heating,which incr eased t he Oz saturat ion of superficial venous 

samples a l one (Roddie et al . , 1956), and by raising the legs and 

lower t r unk, which caused the Oz saturation of deep venous samples 

to rise and had no effect on superficial venous Oz saturation (Roddie 

& Shepherd, 1956; Roddie, Shepherd & Whelan, 1957a) . Ar t erial 

occlus ion (ZOO mm Hg) at t he wr ist t o exclude the hand ~irculation 

was effected a t least one minute before sampling started. The venous 

blood samples (1 ml) were collec tE.d anaerobically into heparinized 

plastic s yringes and haemolysed by a saponin sodium carbonate 

s olution. The Oz satur ation of each sample was rapidly determined 

by meas uring the percentage of light transmission through each sample 

with a Uni.cam SP 1400 prism a bsor ptiometer using a wavelength of 

660 mµ and a self-flushing cuvette . A fully oxygenated and a fully 
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deoxygenated standard were prepared using the subject ' s blood so 

that percentage sat uration of each test sample could be derived. 

Full details of the technique using a SP 400 or SP 350 absorptiometer 

which were standardized against Van Slyke determination of 02 satu-

ration were reported by Roddie, Shepherd & Whelan (1957b) . The 

SP 1400 absorptiometer used in the present studies has been calibrated 

by the Van Slyke method (Skinner, 1961) . 

Hand Vascular Resi s t ance (H.V. R.) 

The r esis t ance (in arbit rary units) to flow in the vascular bed 

f h h d 1 1 d f h i M.A.P. (mm Hg) 
o t e an was ca cu ate rom t e rat o H.B.F. (ml/lOO ml/min) • 

Cardiovascular Refl exes 

In two subj ects the effect of I.A. clonidine on sympat het ically 

mediated r eflex r e sponses was t ested. The two reflexes chosen were 

(a) the application of i ce for 30 seconds to the neck of the subject 

which el i cits a marked vasoconstriction of hand blood vessels 

(Pickering, 1932 ; Cooper e t al. , 1963); and (b) the perf ormance 

of mental arit hmetic by the subject, the stress of wh i ch causes a 

2-3 fold incr·ease i n f orear m muscle blood flow by activation of 

cholinergic vasodilat or fibres to muscle vessels (Blair , Glover, 

Greenfield & Roddie , 1959) . 

Intravascui ar Infusions 

Inf usions of dr ugs were gi ven into the brachial ar tery in the 

cubital f ossa of one arm, e ither through the cathe t er which was in 
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place to record arterial pressure or, where this was not present, 

through a 22 gauge short-bevel needle introduced percutaneously 

during l ocal anaes thesia. Intravenous drug administration was made 

through a catheter placed in an antecubital vein . Needles and 

catheters were connected through polyethylene tubing to infusion 

pumps which delivered l or 2 ml of solution per min . Saline (0 . 9% 

w/v) was infused during control periods and was used as a vehicle 

for the dr ugs . 

Expression of Results 

With both I . A. and I.V . infusions (except I.V . clonidine) 

changes in all variables were determined from averaged values for 

the 2 minutes prior to t he drug infusion and for the last 2 minutes 

of the i nfusion period, by which time t he responses to the drugs had 

become stable . When I.V. clonidine was i nfused, averaged values for 

the 2 minutes before infusion were compared with those for the same 

period at the ~ime when the drug effects were maximum. With I.A. 

infusi on, where the small doses given did not cause systemic effects, 

the blood flow on the uni nfused side was regarded as a control and 

was taken into account i n calculating the change in flows 

(absolute and per cent . ) on the treated side (Duff, 1952) (see also 

Appendix). The assumpt i on made by Duff, that excep t for the infused 

drug the condit i ons on the experimental side are the same as those 

on the control side, is no t valid when the vessels are pretreated 
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with an adrenergic alpha receptor blocki ng drug, and therefor e the 

infused side was used as its own control duri ng these particular 

experiments. 

RESULTS 

Acute Administration 

Effects of I.A. clon,idine 

The effect of three doses of I.A. c l onidine on hand and forearm 

blood flows i n two subjects is shown in Figs. 2 .1 and 2.2, respect

ively. A similar t ype of response was seen during I. A. i nfusions 

in all subjects. Clonidine caused a fall i n blood flow which was 

rapid i n onset; the maximum effect was attained within three t o four 

minutes . In a single experiment with a t hirty minute infusion the 

reduc t ion in H. B. F . was well sustained (Fig . 2.3 ) and spontaneous 

f luctuations of f l ow were diminished i n magnitude. Within 2-10 

minutes of comple ting t he drug infusi on blood f l ows a l ways returned 

to res ting levels , I n all, five subjects received two or three doses 

of cloni dine , wi t h t he effects of H. B.F . being measured in three and 

on F . B.F. in two (Fig . 2.4 ) . In another nine subj ects one dose per 

subject was infused, H, B. F. bei ng measured i n six and F.B.Fo in 

t hree. Fig. 2 . 5 presents t he mean r esults from all subjec ts in terms 

of t he effects on absolute blood flow (individual results are in 

Table A.1) . Al~hough 500 ng/min reduced H. B.F. 67% (mean) , compared 

with a 48% reduction during 250 ng/min, the difference in t he effect s 



Fig. 2.1 Changes in hand blood flow in one subject (D.K.B.) in 

response to I.A. clonidine . (125, 250 and 500 ng/min). The 

percentages indicate the falls in flow on the infused side after 

correction for fluctuations in flow on the control side. 

o , uninjected control side; • , injected side. 
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Fig. 2.2 Changes in forearm blood flow in one s ubject (G.M.) in 

response to I.A. clonidine (125 and 250 ng/min). The percentages 

indicate the fall in flow on the infused side after correction for 

fluctuations in flow on the control side. 
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Fig. 2.3 · Effect of I .A. clonidine, 250 ng/min, for 30 min 

(between vertical lines) on hand blood flow of one subject, D.B. 

o , control, uninjected side; e injected side. 
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Fig. 2.4 Effect of I.A . clonidine in two or three doses (125, 250 and 500 ng/min) on 

hand blood flow (3 subjects) and forearm blood flow (2 subjects) . Full bar, corrected 

control flow; shaded bar, flow during clonidine (final 2 min) . 
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Fig. 2.5 The effect of I.A. clonidine (250 and 500 ng/min) on 

hand blood flow (6 subject s) and forearm blood flow (6 subjects). 

Bar E, mean ( ± S.E. ) of corrected control flows; bar B, mean 

(± S.E.) of flows during c lonidine. Percentages , mean of 

percentage falls in flow. 
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of these doses is not significant whether compared as percentage or 

absolute values. 

Adrenergia blockade: The effec ts of this blockade on the action 

of cloni dine were tes t ed in 11 of t he subjects given I .A. infusion . 

I.A . infusions of phenoxybenzamine (O . S mg/mi n) in two subjects and 

phentolamine (SO or I S mcg / min) i n nine subjects blocked the alpha 

receptors in the test limb only . The effectiveness of blockade was 

confirmed by the absen ce of a constrictor eff ect of I.A . noradrenaline 

(40 to 80 ng/min for hands and 200 to 400 ng/min for forearms) in ten 

of the eleven subjects. During blockade H.B.F. was i ncreased 

approximately L 6 times and F. B. F. i ncreased approximately 2. 6 times . 

The constrictor response of hand blood vessels was abolished in all 

bu t one subject ; often there was a slight di l ator response . Despite 

the latter response , the mean f lows during clonidine were not 

significantly different from the pre-clonidine flows (Fig. 2.6 , 

Table A.2), In t he case of forearms, clonidine still caused either 

a slight constri c tion (2 subjects) or s l ight dilatation (one subject) 

after alpha blockade , 

Site of vasoaonstriotion: The effe c t of I.A . clonidine on t he 

sk in and muscle circulations of t he forearm was investigated in 

t hree subj ects . ln a l l , t he Oz saturation of samples from the 

superficial (skin) vein fell markedly during the infusion of 

cl onidine SOO ng/min, but t here was no consistent change i n the Oz 
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Fig. 2.6 The effect of I.A. clonidine (250 and 500 ng/min) on hand 

blood flow (3 subjects) and forearm blood flow (3 subjects) during 

adrenergic alpha receptor blockade. Bar A, mean (± S.E.) of 

uncorrected pre-clonidine flows; bar B, mean (± S.E.) of flows 

during clonidine. 
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saturation of samples from the deep (muscle) vein. Within ten 

minutes of the end of the infusion the superficial vein 02 saturation 

had returned to r esting values. The absence of a change in the deep 

venous 02 saturacion was observed also in a fourth subject who had 

deep vein sampling only . These changes are illustrated in Fig . 2 . 7 

and are summarised in Table 2 .1. 

Responses to ice and mental arithmetic : The effect of clonidine 

(125 and 250 ng /min) on H. B. F . response to a 30 second i ce appli

cation to t he neck was recorded in one subject and the resul t s are 

shown in Fig . 2 . 8 . Ther e was no de tec table i mpairment of the vaso

constrictor r esponse during t he two i nfusions of clonidine which had 

reduced fl ow by 23 and 63% . 

In anocher s ubj ect t he vasodilator effect of mental arithmetic 

on F . B.F . was test:ed during 17% and 34% reductions in flow caused by 

clonidine (125 &nd 250 ng/min) and the r esponse was unaffected 

(Fig . 2 . 9). 

Effects of I . V. o iu~idine 

Clonidine (150 mc g) was i nfused I. V, i nto four subjec t s over 

five or six minutes. There was usually little or no p·ressor effect . 

Instead, a f al l in sys t olic , diastolic and mean arterial pressures 

began during ~he i nfusion (e . g . Fig . 2 .10), and the maximum fall i n 

M.A. P. o f 10 t o 16 mm Hg (12-22%) was significant. Calculated H.V.R. 

initially rose t o a var iable degree (49 to 240%), reaching a maximum 
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Fig. 2. 7 Effect of I.A. clonidine, 500 ng/min (between vertical 

lines), on the oxygen saturation of separate blood samples 

aspirated from skin and muscle veins in the forearm of the same 

side in one subject (M.R . ) . 



Subject Superficial Vein Deep Vein 
Run-in Final Difference Run-in Final Difference 

M. R. 84 57 -27 44 42 -2 

J. A.D. 80 60 -20 40 45 +5 

P .G. 71 58 -13 60 60 0 

J . C. - ·- - 36 37 +l 

'Mean 78 . 3 58 . 3 -20 45 46 1 

±· S, E. 3.8 0 . 9 4 . 0 5 . 3 5 . 0 1.5 

p <0 . 05 >0.5 

-

Table 2 . 1 Effec t of I .A. clonidine (500 ng/min) on the oxygen 

saturation (%) of blood samples from a superficial and from a deep 

vein in t hE forearm. Run-i.n, average oxygen saturation during the 

two mi nutes before clonidine; final, average oxygen sat uration during 

las t two minutes of clonidine . (Student ' s paired t -tes t . ) 
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Fig. 2.8 The effect of I.A. clonidine (125 and 250 ng/min) on the 

response of hand blood flow to the application of ice to the neck 

(arrows) in one subject (P.L.). 

• injected side. 

O uninj ected control side; 
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Fig. 2.9 The effect of I.A. clonidine (125 and 250 ng/min) on the response of forearm 

blood flow to the performance of mental arithmetic (arrows) in one subject (R.S.). 

o control uninjected side; • injected side. 
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within 2~ to 8 minutes. Thereafter resistance fell, and by 25 to 41 

minutes (when hypotension was at or near maximum) was below control 

values in two subjects but above them i n the other two. All 

subj ects had a fall in H.R., beginning during the infusion, which 

was statistical ly significant at the time of the maximum fall in 

M.A.P . The r esults are presented in Table 2 . 2 and Fig. 2 . 11 . 

Norad~enaline sensitivity : The vascular sensitivity of the hand 

to two i nfusions of I . A. noradrenaline (50-200 ng/min) was tested in 

three of the four subjects before and after I.V. clonidine . The 

post-cloni dine noradr enaline was given at a time when t he blood 

pressure and H. R. changes indicated that clonidine was still acting 

(53 to 73 min), and resulted i n an approximate 1.5 times greater 

constrictor response during five of. the six infusions (Fig. 2.12). 

Al l four subjects received two five minute I .V. infusions of 

noradrenaline, at t wo dose levels between 2 . 5 and 10 mcg/min, before 

and 25 to 44 minutes after the clonidine infus ion. The rise in 

M. A.P . and in calcul ated H. V.R . , and the fall i n H.R. produced by 

noradrenaline were greater after c l onidine during seven of the e ight 

infusions (Tables 2.3 and A. 4, and Fig. 2 . 13). 

Chronic Administration 

Management 

The t wo patients in the study attended the Medical Outpatients 

Department of the Royal Adelaide Hospital for management of their 
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Fig. 2.10 The effect of I.V. clonidine, 30 mcg/min (between vertical 

lines), on the heart rate, blood pressure, hand blood flow and calcu
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Fig. 2 .11 Changes in calculated hand vascular resistance of 4 

subjects, expressed as a percentage change from the control value 

following I.V. clonidine 150 mcg (between vertical lines). 
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lines) and after (closed symbols, solid lines) I.V. clonidine 150 mcg. 



Subject Noradrenaline M.A.P . R.R. R.V.R. (mcg / min) 

5 2 . 6 1. 7 1.4 
S .M. R. 

10 1.5 2 0.9 

2.5 1.4 1.3 1.2 
J.A . D. 

5.0 0.9 1. 3 1.02 

5 2.5 0 .9 3 . 6 
N.C . 

10 1. 2 1.1 3.8 

5 3.8 1.3 1.3 
G. G. 

10 1.9 1.4 1.4 

Table 2 . 3 Effect of I.V. cl onidi ne (150 mcg) on the responses of 

mean arterial pressure (M .A. P. ), heart rate (R.R . ) and calculated 

hand vascular resistance (R.V .R. ) to two doses of I.V . noradr enaline 

i n four subjects . Results are expressed as the degree of potentiation 

(treatmen t response+ con trol response) . 
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hyper tension , and during the period of clonidine t herapy were under 

the care of Dr R. L. Hodge . 

K.D. (born 15.9 .12) essential hypertension 

1961 - August, hypertension first recorded, 210/130 mm Hg. 

1969 - October 14, selected for treatment with clonidine because 

therapy with other drugs unsatisfactory. All dr ugs but 

valium s topped . 

- November 4, cardiovascula r sensitivity to noradr enaline I .A. 

(0 .1 , 0 .2 and 0 .4 mcg/min fo r four min) and I .V. (2 . 5, 5 and 

10 mcgimin fo r five min) tested . Supine direct arterial 

blood press ure, 214/102 mm Hg . Started on clonidine 75 mcg 

t, d . s. and lacer hydrochlorthiazide added 25 mg b.d. 

1970 - J anuar.y to Macch, c lonidine intake i nterrupted while patien t 

in another city . 

- April 4~ clonidine restar ted, 75 mcg q .l.d . plus chloro

t hiaz.ide Oo5 gm b . d. 

- May 12 , clonidine increased to 150 mcg t . d .s . 

- May i4 , noradrenaline sensitivity t es t ed again, i.e. after 

about five weeks of con tinuous clonidine intake . Supine 

direc t at t e"l'ial pressure 166/82 mm Hg . 

D.P.A. (bor>tt 29 • . 10 n29 ) essential hypertension 

1964 - September , first seen in medi cal outpat ients , blood pressure 

220/130 mm Hg seated and 180/126 mm Hg standing despit e 
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treatment with perolysen 3 mg t .d.s. , hydrochlorthiazide 25 

mg b . d . , reserpine 0.25 mg mane and neost igmine 30 mg b.d. 

1970 - January, treatment with guanethidine, methyldopa and chloro

thiazide which were controlli ng olood pressure at 170/ 100 mm 

Hg seated and 130/95 mm Hg standing. 

- March 31, selected for treatment with clonidi ne because of 

troublesome side effects with the current therapy . All drugs 

stopped . 

- April 14 , ca rdiovascular sensitivity to noradrenaline I . A. 

(0 . 025, 0 . 05 and 0 . 1 mcg/min fo r four min) and I.V . (1. 25 , 

2. 5 and 5 mcg/min for four min) tested . Supine direct 

arterial pressure 236/137 mm Hg . Starting dose of clonidine 

75 mcg t.d . s . 

- June 30 , clonidine dose now 300 mcg t.d . s. and cyclopent hiazide 

0 . 5 mg b . d . 

- July 31 , dose of clonidine 375 mcg ~ . d . s.; treatment had 

been continuous f or approximately 15~ weeks; noradrenaline 

sensitivities r et ested . Direct supine blood pressure 205/101 

mm Hg. 

- August and September, compla ining of abnormal pallor and 

co l dness of his hands i n the winter weather . 

1971 - January and February , c lonidine dose 750 mcg t . d . s., but 

contr ol still inadequate. Guanethidine 10 mg mane added and 
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blood pressure then 155/105 mm Hg seated and 130/95 mm Hg 

standing . 

- September, complained that circulation in fingers troublesome 

again (winter); clonidine stopped abruptly and guanethidine 

dose increased; .. one week later, aches and pains in leg 

muscles and a slight headache, sleeplessness and anorexia; 

home measurement of blood pressure showed a rise to 180/120 

mm Hg . These symptoms were dramatically relieved by taking 

., a few tablets of clonidine (patient's own initiative) ·, Also 

volunteered that hair loss during clonidine had increased -

diminished again when clonidine stopped. Blood pressure 

control later r e-established with bethanidine, guanethidine 

and propranolol, 190/110 mm Hg supine and 140/95 mm Hg standing . 

Table 2. 4 gives the mean resting values for the circulatory 

variables which were measured or calculated on the two occasions of 

testing the cardiovascular sensitivity to noradrenaline. It shows 

that both patients had significant reductions in R.R., M.A.P . and 

H.B.F . , but the calculated H.V.R. was only significantly increased 

in D.F .A. 

Noradrenaline sensitivi ty 

I .A. Noradrenaline (Fig. 2.14): In patient K. D. the three doses 

of noradrenaline caused greater percentage reductions in H.B.F. 

during clonidine than during the control period. The potentiation 



R.R . M.A. P. H.B.F . H.V.R. 
Subj ect State (beats /min) (mm Hg) (ml /lOOml/ (units) 

min) 

Control 96 140 20 . 2 7.2 (Mean) 

K.D. Treated 69 113 12.1 9.2 (Mean) 

p <0.001 <0.001 <0.05 >0.05 

Control 112 164 15 .7 10.7 (Mean) 

D. F.A . Treated 54 138 6.5 21. 3 (Mean) 

p <0 . 001 <0.01 <0 . 02 <0 . 01 

Table 2.4 Effect of chronic c lonidine t reat ment on heart rate 

(H. R.) , mean arterial pressure (M.A .P.), hand bl ood f low (H.B.F . ) 

and calcula t ed hand vascular resistance (H.V.R. ) in two patients. 

The values (average over five minutes) were measured at the times of 

noradrenaline sensitivity testing. (Student 's paired t-test. ) 
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of the percentage fall in flow varied f rom 1.04 times for 0.4 mcg/min 

to 2 , 2 t imes for the 0 . 1 mcg/min infusion . 

In pa t ient D. F .A. the three cont rol doses of noradrenaline 

(0.025, 0 . 05 and 0. 1 mcg /min) caused reductions in H.B . F. of 61, 69 

and 67% in order of increasing concentration . During retesting only 

0 , 025 and 0 .1 mcg/min doses were infused . With the larger dose a 

potentiation of approximately 1. 1 t i mes was recorded, but the 

response to the sma ller dose was less than that elicited prior to 

c loni dine . 

I . V. Norad2•ena line (Tables 2. 5 and A. 5, and Fi g. 2. 15) : During 

clonidine ther apy t he presser effec ts of 2.5 and 5 mcg / min nor

adrena l i n e infusions in K.D. were potentiat ed 2.6 and 1.9 times, 

respectively . However, t he reflex bradycardia was less during each 

infusion. The i ncr eas e in cal cula t ed H. V.R. caused by 2.5 mcg/min 

noradr enali ne i nfusion was potent i ated during clonidine treatment, 

but t ha t t o 5 mcg/mi n was depressed by clonidine . 

All of t he c i rculatory effec t s of 1 . 25 and 2 .5 mcg/min nor

adrenal ine (I.V. ) gi ven t o D. F . A. wer e potentiated during clonidine 

t herapy , t he augmentation of t he presser e ffec t and the increase in 

calculat ed hand vas cular r esistance t o the smalle r dose being 3.3 

and 4.3 cimes , r espective ly. 
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Subj ect Noradrenaline M.A .P . H.R. H.V.R. (rncg/rnin) 

2 . 5 2 . 6 0.8 1.6 
K.D. 

s.o 1.9 0.7 0 .8 

1. 25 3.3 1.4 4 . 3 
D.F .A. 

2. 5 1. 8 1. 7 1.02 

Table 2.5 Effect of chr onic clonidi ne t reatment on the responses of 

mean arterial pr essure (M.A.P . ), hear t rate (R .R.) and calculated 

hand vascular resistance (fl . V . R. ) to t wo doses of i nti;av:enous nor

adr enaline in two pat i ents . Results are expressed as t he degree of 

potentiation (tr eatment response + con trol response) . 
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DISCUSSION 

Vasoconstriotion with Acute CZonidine 

I.A. i nfusions of c lonidine were used by Ehringer (1966) to 

exami ne its l ocal vascular effects. He found that it caused a dose 

dependent constriction in the foot and the calf which was more marked 

i n the former . Vasoconstriction also occurred in one subject after 

lumbar sympathectomy and persisted for mor e than 10 minutes. 

However, the role of the adrenergic alpha receptors was not i nvesti

gated, nor were the effects on skin and muscle circulat ion 

differentiated . The vasoconstrictor effect i n t he hand and f orearm 

observed in the present studies was also dose related and was 

completel y abolished by adrenergic alpha r e ceptor blockade . Thus, 

in man, as in animal s , t he local effect of c l oni di ne is alpha 

receptor s~imulation " Since a prolonged vasoconstriction also 

occurred in denervated vessels (Ehringer, 1966), there is circum

stantial evidence tha~ the receptor stimulation is a direct one. 

From t he fact that vasocons t riction was more promi nent in the foot 

(largely skin) than in t he calf (largely muscl e ) Ehringer concluded 

that clonidine has different effects in cutaneous and skeletal 

muscle vascular beds " The conclusion has now been verified by 

measurement of superficial and deep venous oxygen saturation during 

I.A. c l oni dine which s howed that t he vasocons triction was l i mited to 

the skin, and blood flow i n musc l e did not change. This local ef fect 
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of clonidine is undoubtedly t he basis for the i nitial cutaneous 

vasoconst riction noted during I.V. administration in t he present 

and other human studies (Bock et ai., 1966; Ehringer, 1966; Merguet 

etaZ., 1968) . 

Any conclusions about the other effects of I.A . c lonidine 

observed in t he present study must be more t entative as they are 

based on single exper iments only. However, the persi stence of hand 

vasoconstric t10n during a thirty minute infusion may indicate that 

acute tachyphylaxis to t he drug does not occur. The relevance of 

this is t hat tachyphylaxis would t hereby be eliminated as a possible 

contributor to t he decline in calculated H.V.R. seen with I.V. 

clonidine . Furthermore, in this experiment the flow fluctuated in 

phase wi t h tha t on t he control side, though the magnitude was reduced , 

which suggesLs that the vessels were still at least partially res

ponsive co s ympat het i c and other influences . In addit ion, the 

maintenance of t he ice respons e , which is reduced or abolished by 

guane t hidine , b retylium and bethani dine (Cooper et al. , 1963; 

Fewings, Hodge, S c.~oop & Whe l an, 1964), is further evidence that acute 

cloni dine does not i mpair adremergic transmission . It is probab l e 

t hat sy mpo.r.hetic c.h olinergic transmission is likewise unimpaired 

sin ce thEO. r esponae of F . B. F . to mental arithmetic also persisted 

during I.A. cloni di ne . 
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Effects of I . V. Clonidine 

Most of t he previous reports of the effect of doses of clonidine 

s i milar to t he 1.V . dose given i n this study have noted an initial 

rise i n arterial pressure of 8-40 mm Hg occurring within 0.5 to 

1 minute of the i njection and lasting 1-2 minutes (Bock et al. , 1966; 

Barnet t & Can t or , 1968; Merguet et al., 1968; Muir et al., 1969) . 

However, Ehringer (1966) infused 150 mc g I.V. over f ive minutes and 

noted onl y a slight rise in diastol ic pressure. The present findings 

confirmed that a slow rate of I.V. i nf usion r educes the presser 

res ponse, and i ndicate t hat in hypertensive emergencies a detrimental 

rise in pressure may be avoided by giving t he drug slowly over f ive 

to ten minute~ yet not delay its hypotensive effect. Although at a 

race of 25 co 30 mcg/min t hex e was little or no presser response, 

i n each subj e c<.. t he calculated H. V. R. rose and attained a peak during 

or shorrly af1:er t he infusion . Two factors probably explain the 

lack of r ise in pressure: firs t ly, with t his rate of infusion the 

drug would be ailutad to a greater extent t han t he initial dilut ion 

of a bolus inj ec t i on and t herefor e would elicit a smaller degree of 

vasocons t riction; and, secondly , the dr ug would s tart to exert its 

hypotensive eft ec t before the i nfusion was compl eted and t hus offset 

t he presser e f tect of t he i ncreased cu taneous vascular resistance . 

The initial sympathet i c t one in blood vessels may also be a 

determinant of t he vascular effect . The two subjects who had the 
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highest r esti ng resistance (S .M. R. and J .A.D.) not only had smaller 

init i al percentage i ncreas es in H.V.R. (i . e . the local effect), but 

the r es i s t ance also l a ter declined to a value less than control 

(Fi g . 2 . 11 and Table A. 3) . In contrast, the other two subjects with 

lower i ni t i a l resistance had a more marked percentage rise in 

resis tance which di d not subsequent ly fall below resting values. 

Barnett & Can tor (1968) made a s i milar observati on, that in subjects 

who had low i ni t i a l di gi tal blood f low, clonidine (I .V. ) caused a 

gr adual flow i ncr ease, wher eas subjects with high resting flow showed 

no change af ter t he drug . 

The degr ee of hypotension caused by c lonidine in the normo

tensive subj ecLs i n t he pr es ent study i s similar to that reported in 

other seri es (Ehringer , 1966; Bar ne t t & Cantor, 1968; Mui r et aZ .~ 

1969) . While t he f al l s i n H.R. i n t h e four subjects wer e r el atively 

smal l i n absolute terms , t hey were statistically s i gnificant, and 

the degree of bradycar di a may a gain reflect the importance of the 

r es t i ng autonomi c t one in determi ning the degree of change caused by 

cloni di ne . For ins t ance, the resti ng heart rates fell from an 

average of 70 to about 66 beats/mi n , whereas Ehringer (1966) shows 

an example of a subjec t whose pulse rate fell f rom 85 to 78 beats/min . 

NoPadrenaline S6nsitiv~ty 

The pot entia t ion of the presser response (1 . 2 t o 3 . 8 times) 

t o s even of t he eight i nfusi ons of I . V. noradrenaline is an indication 
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of an overall increase in cardiovascular reactivity which has also 

been noted i n various animal studies i n which less than 5-10 mcg/kg 

c loni dine has been given (Kundig et al., 1967; Rand & Wilson, 1968; 

Bentley & Li, 1968; Boissi er, Giudicelli, Fichelle , Schmitt & 

Schmitt , 1968) . In contrast t o the present findings, Merguet et al. 

(1968) found t hat the pressor effec ts of noradrenaline (5-14 mcg) 

were not significantly a l tered by clonidine (150 mcg I.V.). 

However, t h e method of giving the noradrenaline in the two studies 

differed in t hat Merguet et al. (1968) gave a bolus injection and 

not an infusion over several minutes. An injection does not permit 

a stable response to develop and, f urthermore, the tota l dose of 

nor adrenaline used by t hese workers was usually smaller . 

The potentiation of both the rise i n H.V.R. with I.V . nor

adrenaline and t he vasoconstrictor effec t of I.A. noradrenaline by 

clonid1ne i ndicates an increase i n vascular s ens itivity to the 

catecholamine which mast be pl aying a t least some part in the 

i ncreased presser responsiveness t o I . V. noradrenali ne . The results 

also ind1cac~ t ha t t h e reported de crease i n vascular responsiveness 

to vasoconsccictors and vasodilators after sever a l weeks of 

clonidine administration to cats ( Zaimis & Hani ngton, 1969) cannot 

explain t he hypotensive effecc of cloni dine i n man after acute 

administration . 

An i nterpretation of t:he potentiation of the reflex bradycardia 
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produced by I.V . noradrenaline may be aided by referring to Fig. 2.16, 

where the degree of bradycardia is plotted in relation to the magni

tude of the pressor response before and after clonidine. The slope 

of this dose response line is steeper in every case after clonidine, 

i . e . the same increment of arterial pressure produced by I.V. 

noradrenali ne resulted in a greater reflex bradycardia after 

clonidi ne than during the control period. This indicates a facili

tation of t he autonomic ref lex control of cardiac slowing, in the 

absence of which the pressor response would probably have been 

greater . 

Eff eats of Chronia Clonidine 

Although t he arterial pressure of D.F.A . at the time of re

testing remained inadequately controlled, both patients had a 

significant r eduction in pressure during clonidine treatment. The 

fall in R.R. recorded in both hypertensives was more marked than in 

the normotensives and per sisted throughout the treatment period, In 

the case of D. F.A., t he R.R. was halved, and he also had a similar 

reduct i on i n hand blood f l ow with a signi fi cant rise in calculated 

R.V . R. The reduct ion in blood flow was probably the basis of his 

complaint that t he circulation in h i s hands was more sensitive to the 

cold than pr eviously, an observation which is consis tent with the 

reports of circulatory insufficiency noted by other workers (Iisalo 

& Laurila, 1967; Ebringer, Doyle, Dawborn, Johnstone & Mashford, 
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1970; Kellet & Hamilton, 1970; Winchester & Kennedy, 1971). The 

possible association between treatment with clonidine and the 

increased loss of scalp hair, which may be a further indication of 

impaired skin circulation, does not appear to have been reported 

before o The sympathetic overactivity associated with abrupt with

drawal of clonidine experienced by D.F.A. has been observed by others 

(e . g. HBkfe lt, Hedeland & Dymling, 1970). 

Noradrenali ne sensitivity 

The effect of I . V. noradrenaline on arterial pressure in the 

hypertensive patients receiving chronic clonidine followed the 

patter n found in the subjects given I.V. clonidine; that is, there 

was a potentiation wh i ch was greater for the smaller dose of nor

adrenali ne than t he larger, and it is interesting that the poten

tiation with 5 mcg/min was greater i n the normotensive than in the 

hypertensive sub jects . The clonidine potentiation of both the 

increase in the H.V.R . during I.V . noradrenaline and the vaso

constrictor effect of I.A. noradrenaline indicates that, as was the 

case in t he a cute studies , part of the pressor potentiation of I.V. 

noradrenaline results from incr eased vascuia't': •sens':iitivity .. . o1rhotigh' the 

response of D. F . A. to I.A. noradrenaline (0.025 mcg/min) was 

depressed after cl onidine , there was no other evidence of a depressed 

vascular response to which the hypotensive effect could be attributed, 

The relationship between the magnitude of the pressor effect of 
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noradrena line and the reflex bradycardia in the hypertens i ves was 

the revers e of t hat aeen in the nor motensives, i. e. clonidine 

depressed the slope of the dose response line (Fig. 2.16), which 

may r e flec t a difference in the dose and duration of c lonidine 

administration or be rela ted to diff erences in the car di ovascular 

control mechanisms in hypertensive and normotensive man . 

The results wit h bo t h acute and chr onic clonidine admini stration 

to man show t hat a variable degree of increase in sensitivity to 

noradrenaline does o~cur. Such an increase in sensitivity has a 

rapid onset and does no t appear to be any greater after 15~ weeks 

treatment with doses up to 1. 125 mg/day than after a single I .V. dose, 

and thus it is perhaps not likely to cause t he to l erance which has 

been reported in some clinical trials (e .g. Davidov et at. ~ 1967; 

Ng et at , J 1967). Howevec, such an i ncrease in cardiovascular 

reactivity may be ass ociated wi t:h undes irable and dangerous hyper

tensive episodea if a pa tient being t reated with clonidine is con

currently exposed t o other vasoactive dr ugs, e.g. sympathomimetics . 

Such an i nteraction and loss of control of the blood pr essure 

r esponse t o treatment has been r eport ed dur ing the use of some other 

antihypertensives , e . g. the adrenergic neur one blockers . 

SUMMARY 

Intra-artet ial infusion of clonidi n e (125 to 500 ng /min) into 

the brachial ar tery caused a rapi d and dose dependent constriction 
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of the ski n vessels of the forearm and the hand which was absent 

during alpha adrenezg1c r eceptor blockade. This sympathomimetic 

vasoconstrict ion is t h e most pr obable cause of the brief rise in 

calculated hand vascular r esistance which was observed during, and 

shortly afcer , i ntravenous cl onidine ( 150 mcg). 

Bot h intr Qvenous infus ion and prolonged oral treatment with 

clonldine caused s1gnif i cant reductions i n mean arterial pressure and 

t he heart raLe , t he latter being mar kedly affected in the two hyper

tensiv es, and a signit icant reduction in hand blood flow during the 

chronic intake , The cardiovascular sensitivity to both local and 

systemic nocadren~linc was incr eased to abou t the same degree by both 

acute and ch! onic cionidine admi nis&ration . On the basis of this 

phenomenon a detrimen tal lnLeraction with ot her vasoactive drugs can 

be predlcLed, 
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INTRODUCTION 

The local vasoconstrictor action of clonidine has been 

attributed partly to direct adrenergic alpha receptor stimulation 

and partly to neuronal noradrenaline release (Kobinger & Walland, 

1967; Boissier et al . , 1968; Constantine & Mcshane, 1968; Nayler, 

Price, Swann, Mcinnes, Race & Lowe, 1968; Rand & Wilson, 1968). 

Other evidence suggests that che drug has alpha receptor blocking 

properties (Ng et al . , 1967; Boissi er et aZ., 1968; Bentley & Li, 

1968). In addition to these local vascular ac tions after acute adminis

tration, Zaimis & Hanington (1 969) suggested that prolonged oral 

intake of c l oni dine r esults i n a diminished vascular sensitivity t o 

catecho lamines and angiotensin . This is i n contrast to the cardio

vascular supersensicivi t y to catecholamines and other vasoactive 

agents which can be i nduced by a number of antihypertensive drugs 

including reserpine , guanethidine , bethanidine, and methyldopa. The 

specific aims of the s t udies described in this chapter were : 

1. To clarify the r oles which adrenergic receptors and sympathetic 

nerves play in the response to acute clonidine; 

2 . To de terruine arterial and venous smooth mus cle sensitivity to 

noradr enaline and oLher vasoconstrictor agents following chronic 

clon1dine admi nistration; 

3. To examine t he effects of chronic clonidine on catecholamine 

stores in vascular sympathetic nerves . 
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Four i solated animal vascular smooth muscle preparations from 

two anima l species were used in the studies. The perfused segment 

f r om the rabbi t central ear artery (de la Lande & Rand, 1965) has been 

well chara c terised, and the double cannulated modification (de la 

Lande, Cannel l & Waterson, 1966) was used to obtain information about 

c l oni di ne ' s mechani sm of ac tion on arteri al smooth muscle and the 

r ole of the sympathe t i c nerves in this ac tion. The perfused segment 

f r om t he vent r a l r a t tail artery (Nicholas, 1969) has not been as 

extensively doc umen t ed as the rabbit ear artery preparation, but was 

used to obtain i nformation f r om another species about the role of the 

sympa thet ic nerve s in clonidine ' s local vascular ac tion. Complete 

dose response relati onships from threshol d to maximum effects cannot 

be studi ed i n perfused segments, and therefore a helical strip 

preparation of t h e r a t ta i l artery was developed for this purpose. 

The prepara tion was t hen used to obtain further information about 

c l onidlne 's adrenergic ac tion and its effects on ar terial smooth 

mus c l e SGnsiLivi ty t o vasoconstrictor agents . The effect of chronic 

clonidine on v enous smooth muscle sens i tivity was studied in the 

unperfused rat portal vein segment (Johans son, Jonsson, Axelsson & 

Wahlstr om, 1967) which , l i ke the rabb i t artery, has been well 

chacactefised . 

METHODS 

The four isolat ed preparations were obtained from semi-lop-eared 
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rabbits weighi ng 1. 5 to 2 . 7 kg and albino Wistar rats weighing 160 to 

340 gm. To r emove t he vessels , the animals were anaesthetized with 

intraper i t oneal (I . P. ) i njections of either 25% urethane in a dose of 

8 ml / kg (rabb its) or pentobarbitone 50 mg/kg (rats). 

Pretreatment 

Six t o four teen days prior to the experiment four of the rabbits 

used in t h i s study were anaesthetized with halothane and diethyl ether 

and the ea r artery of t he left side sympathetically denervated by 

removal of t he homolatera l cervical ganglion. The effectiveness of 

t he denetvac1on was confirmed subsequently by the absence of response 

of the isol~ted artery to stimulation by field electrodes (de la Lande 

& Rand , 1965 ) o r· by the absence of specific catecholamine fluorescence 

in secti ons of t he artery examined by the histochemical method of 

Falck (1962), as modified and applied t o the ear artery by Waterson 

and SmalE. ( 196 i'). See appendix fo r details . 

Thre<?! gr.·oups of rats were used for the s t udies on the effects of 

chronically adminis tered antihypertensive dr ugs on vascular sensitivity 

to vcsoa~tive agents and the vas cular catecholamine fluores cence , 

Within ea~h group pair s of animals were matched for weight and 

assigned t o ~cntrol or treatment groups . In series 1, treated animals 

were given a r inki ng water containing cl oni dine (1.58 mM) which 

resul~ed in a dr ug i n take of 37 to 56 mcg/kg/day (mean 47.3 ± 2.8 

mcg/ kg/ day) ; the t rea t ed animals in series 2 were given reserpine in 
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the form of serpasil by I.P. i njection in a dose of 1 mg/kg on the 

first day and 0 . 3 mg /kg for six further days; the treated rats in 

series 3 were given guanethidine 7 . 5 mg/kg daily by I.P. injection 

for one weeko Control animals of each pair of rats were treated in an 

identical manner with the exception that they did not receive any 

active agent . Vascular preparati ons from pairs of animals were 

remov ed and studied s i multaneously 6 to 8 weeks after clonidine intake 

started i n series 1 animals and 24 hour s after the last injection in 

the ani mals of the other two series . Portions of these vessels (the 

distal end of the artery and the mesent eric end of the vein) were also 

histochemically prepared to show monoamine fluorescence. 

In the rats given clonidi ne chronically, arterial blood pressure 

in the tail was measured ple thysmographi cal l y in t he unanaesthe tized 

state before and dur ing drug admi nistration , At leas t three determin

ations of blood pressure were made on each occasion. (See appendix . ) 

Dissection and Mounting of Preparations 

Perfused aPtery segments 

The methods of obtaini ng and perfusing t he r abbit ear arteries 

were as described by de l a Lande & Rand (1965) with t he modification 

of double cannulation (de l a Lande et aZ . , 1966) . Cannulating both 

ends of t he segment prevents mi xing of the perfusat e and bath solution 

and enables drugs to be applied to intimal and adventitial surfaces of 

the vessels separa t ely. Vasoac tive drugs in the perfusing fluid must 
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pass through the smooth muscle of the media before reaching the nerves 

situated at the medial adventitial border, whereas from the adven-

titial surf ace the drugs must first diffuse through these to reach the 

smooth muscle (de la Lande & Waterson, 1967). The role of the nerves 

in drug action can therefore be analysed by using this technique. 

The vessels were dissected out and cannulated in situ and then 

placed in an organ bath of 15 or 20 ml capacity containing a modified 

0 Krebs solution (Appendix) at 37 C through which a gas mixture of 5% 

carbon dioxide and 95% oxygen was continuously bubbled. The arteries 

were also perfused wi t h a similar solution which was pumped through 

the artery at a constant rate of 5-6 ml/m~n and at a pressure of 3 to 

30 mm Hg above zero flow pressure. The proximal (lower) cannula was 

fixed, and the vertically positioned artery had the distal (upper ) 

cannula suspended under a tension of one gr am which prevented t he 

artery from kinking as it lengthened during contraction . A mercury 

manometer attached to a side arm between the pump and the artery 

recorded on a smoked drum the changes in arterial resistance as changes 

in perfusion pr essure . 

The tail ar tery of the rat was mor e difficult to remove and 

prepare because the neurovascular bundle lies in a ventral groove 

formed by tendons and covered by a firm connective tissue layer . 

Furthermore, there were numerous arterio-venous anastomoses between 

the vessels in the bundle that precluded the isolation of arterial 



3.6 

segments much longer than 1 to 2 cm which were free of side branches. 

To obtain longer segments it was necessary to remove vein and artery 

together, tying the former off at each end to prevent leakage from the 

cannulated preparation . Cannulation and perfusion of the vessels was 

identical with that described for rabbit ear arteries . A diagram

matic representation of the technique is shown in Figure 3.1. 

Rat t ail arte~y str-ips 

A length of tail artery was removed and, by means of tension on 

a cotton thread tied to each end, it was maintained under s light 

stretch whilst t he strip was cut . Using fine pointed scissors , a 

small cut was made i n the wall of the artery at one end and one blade 

of the scissors inserted into the lumen . When the s cissors were he ld 

and operated at an angle of about 4S0 to the vessel, it slowly rotated 

producing a spiral cut and finally a helical strip . Throughout these 

manoeuvres the artery was prevented from drying by intermittent l y 

dripping Krebs solution onto it . The strips were not t rimmed and 

averaged abou t SS mm l ength. Strips were mounted either singly in 

12 ml organ bachs for studies of the acute application of cloni dine 

or, in t he case of arceries from the animals in the chronic serles, 

two strips (one each from control and treated rats) were mounted in 

the same 30 ml organ bath. Each s trip was attached at the bottom end 

to a hook and t he upper end was attached to a Harvat ·d isotonic strain 

gauge by means of cotton thread. The muscle was under a tension of 
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one gram after exploratory experi ments had establi shed that t his was 

a suitable compromis e between detecting extraneous vibrations and 

muscle sensitiv ity. 

Rat portal ·vein segments 

In the chronic admini stration series a portal vein segment was 

also obtained from the rats . After removing the t ail artery and 

s etting up t he strip , the abdomen of the animal was opened and, by 

gentle retraction, the extra-hepatic por t ion of the portal vein was 

exposed and dissected free. A length of about 10 mm was tied off, 

removed, and t he i ntact segment s uspended i n the same 30 ml organ 

bath a s the vessel from the other rat of the pair, i.e. vein segments 

from a control and a treated rat were studied simultaneous l y . The 

method of mounting the vessel and recording its contractions, and 

the bat hing solution were as described for the artery strips , and, 

again, one gram tension provided the best recording conditions. The 

vein exhibits spontaneous regular contractions which are superimposed 

on a steady baseline, and responses were measured as changes i n this 

baseline value . Fi gure 3 .2 diagrammatically illus t rates the tech

nique used for both the helical strips and the vein segments. 

Experimental Procedure and Expression of Results 

All preparations were allowed to equilibrate in Krebs so l ution 

for at least one hour before the addition of dr ugs . Doses of drugs 

and KCl added to the bath, i.e. extraluminally in the case of the 
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perfused arteries, were contai ned in 0 . 1 to 0.3 ml of solution . 

Drugs applied i ntral umi nal ly t o the perfused arteries were added to 

the reservoir of perfusion fluid or i njected as a bolus i nto the 

perfusion system proximal to t he a r ter y; the doses for injection 

were also con tained i n volumes of 0 .3 ml or less . In the chr onic 

administration s eries the effects of noradrenaline, KCl and methox

amine on the preparations were tes ted in that order of application. 

Concent ration response curves were derived from duplicate responses 

to cumulat i ve doses of all agent s except methoxamine for which s ome

times only one response to cumulative doses was obtained . 

Perfused artery seqments 

For each of t he perfused arteries the c oncentration response 

curve s to intralumi nal (I . L.) and extralumi nal (E .L. ) application of 

drugs wer e approximately parallel , and therefore the concentration 

required t o pcoduLe a r esponse of 50 mm Hg was used t o determi ne the 

r elative sensitivi~ies of t hat arter y to t he drug applied by t he two 

routes . Thi s r elative sensitivity is expr essed as the I . L. / E. L. 

concen~ration r atio ; for example, when the ar tery was more sensitive 

to I.L . than to E. L. application of a particular drug, the rat i o was 

less t han one . The mean values of I.L. /E .L. ratios wer e calculated 

as t he geometric means (Fleming, Westfal l , de la Lande & Jellett, 

1972). 
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Artery strips and vein segments 

Acute studies: Responses of str ips are expressed as a 

percentage of t he maximum r esponse to noradrenaline, except for the 

responses to cloni di ne i n the presence of cocaine when they are 

expressed as a percent age of the clonidine maximum. 

Chronic studies : Artery strip and vei n segment r esponses to 

noradr enali ne , methoxamine and KCl are expressed as a percentage of 

their respective maximum responses . Geometric means of the agonist 

concentra tions causing half maximal r esponses (E .D. 50) were calcu-

lated (Fl eming et al. , 1972) . Wher e the maximum responses to an 

agonist differed significant l y between control and treated groups, sta-

tistical analysis of the absolute r esponse at each concentrat i on has • 
been used as an i ndication of sensitivity changes . 

RESULTS 

Acute Studies 

Hi stochemistry 

Typical examples of t r ansver se sections for normal and sympa-

thectomi zed rabbi t ea r arter i es exami ned by fluorescent h i stochemistr y 

are shown i n Figures 3 . 3 and 3 . 4 . In agreement with ea r l i e r descrip-

tions (de l a Lande & Waterson, 196 7; Waterson & Smale, 1967), the 

artery shows t he charac ter is t i c di stri but i on of sympathetic ner ve 

terminal s localised a~ the medial adventitial bor der . Transver se 

sections of the rat tail ar tery and portal vein after treatment by 



Fig. 3 .3 Transverse section of the central artery from a rabbit ear 

prepared to show monoamine fluorescence at the medial advent i tia l 

border and intimal autofl uorescence. Magnification x 140. 
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Fig. 3.4 Transverse section of the central artery from a rabbit ear 

six days after removal of the homolateral cervical ganglion. Intima l 

autofluorescence is present but med i al adventi tial monoamine 

fluorescence is absent. Magnification x 135. 



Fig , 3.5 Transverse s ection of the ventral artery from a rat tail 

showing monoamine fluores~ence at the medial adventitial border and 

i ntimal autofluorescence. Magnification x 270. 



Fig. 3.6 Section of t he portal vein from a rat showing monoamine 

f luorescence at the medial adventitia l border and i ntimal auto

fluorescence. Magnification x 120 . 
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fluor escent histochemistry are shown in Figures 3.5 and 3.6 . The r at 

artery has a smaller diameter than the rabb i t artery and t he monoamine 

fluorescenc e tends to be more dense than in the rabbit vessel but, as 

in t he case of t h e latter , does not penetrate i nto t he media . The 

portal vein of t he rat: is much more t hi n walled than the ar tery, but, 

like it, shows considerable monoamine fluores cence localised to the 

media1~ adventitial bor der . 

Perfused aPtery segments 

Nature of alonidine 's action: There was a rise i n perfusion 

pressure in cannulated ar ter ies when clonidi ne was applied I.L . or E.L. 

which was maint ained foe the duration of the application (up to a 

maximum of 30 min). Single or cumulative doses of clonidine caused a 

pressure rise whi ch was slower in onset and offset t han t hat seen wi t h 

noradrenaline (Fig . 3.7) " These di f ferences in response were mor e 

marked for E. L. d·cug applie:.a tion and, furthermore, the s l ower offset 

of the effect of c l oniciine was more pronounced after larger doses. 

Possibly because of t he slower onse t of ac tion, relatively h igher doses 

of cloni dine weee required to give r esponses equal to t hose of nor-

adrenaline when t he drugs were given I . L. by bolus inj ections instead 

of by continuous infusions . 

Adrenergia alpha recepto~ bLoakade : The pressor responses in 

two rabbit ear a r teries to both noradrenaline and e:lonidine inj ection 

-6 were abolished by phento lamine (2.65 x 10 · M) added to both the 
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Fig, 3. 7 Response of a perfused rabbit ear artery segment to 

cumulative doses of noradrenaline (Nor) and clonidine (Clon) 

applied intraluminally (IL) and extraluminally (EL). Drugs were 

added at • and the figures refer to the concentration in ng/ml. 

Drug washed out at W. 



r--. 
Q) 
J: 75 Control PhentoJamine 
E 
!, 

Q) ... 50 
::s 
Ill 
(/) 
Q) 

25 0: 
c: 
Q) 0 (/) 

i2 N. H c NH c 
0 10 

Time (min) 

Fig. 3.8 Response of a perfused rabbit ear artery segment to 

intraluminal injections of noradrenaline (0.1 mcg at N), histamine 

(5 mcg at H), and clonidine (20 mcg at C) before and after 

blockade of adrenergic alpha receptors with phentolamine, 

Injection artefacts as well as vessel responses can be seen. 



3.11 

perfusate and bat h fluid. Phentolamine had relatively little effect 

on the responses to i njections of histamine . Figure 3.8 shows the 

results in one of the two arteries . 

Role of t he sympathetia nerves: The innervated perfused rabbit 

ear arteries were much more sensitive to an I.L . perfusi on of nor

adrenaline than to E. L. application with a concentration ratio I.L./E . L. 

of approximately 0 . 1 which is similar to previously reported values 

(de la Lande et al . ~ 1966). Fi gure 3.9 shows typical concentration 

r esponse curves der i ved from an exper i ment with a nonsympa~hectomi~ ed 

artery. The same pattern of dif f erent ial sensitivity t o nor adrenaline 

was found in t he single rat tail artery prepar ation with a concentrat i on 

ratio I . L. / E. L. of 0 ~ 06 (Fig . 3 . 10) . In contrast, t he differ ential 

sensitivity was much less evident i n t he case of c l oni dine (Figs. 3. 9 

and 3.10) and the mean clonidine concentration rat io I.L . / E. L. i n seven 

r abbit ear arteries was 0 .77 (Table 3.1) . The single r at tail artery 

had a c loni di ne I .L./E. L. r atio of 0 , 6 . 

The fouT denervated r abbit ar t eries had a greater sensi t ivity to 

noradr enaline t han cont r ol which was more marked for E.L . t han I.L. 

appli ca t ion , as l s illustrated by t he r esponses of one artery shown in 

Figur e 3 ol l . The mean l .L . / E.L . conc entration ratio for noradrenaline 

was I . IS (S. E. +0 . 2 , - 0 . 17), i . e. a t enfold difference existed between 

control and denervated arteries . However, the denervated arteries 

were on ly slightly more sensitive t o clonidine than the contr ol 



100 

--a;-
:c 
E 
E ...__, 
Cb .. 
::s 
~ so 
Cb .. 
Q. 

c 

Cb 
t/) 

~ 

O"------------------~--...... ~~--~------~~-----' 
3x10-8 3x10-7 3 x10- 6 

Concentration {Molar) 

Fig. 3.9 Concentration response curves of a perfused rabbit ear 

artery segment to noradrenaline (squares) and clonidine (circles). 

Extraluminal dr ug application, open symbols; intraluminal 

application, closed symbols. 
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Fig. 3.10 Concentration response curves of a perfused rat tail 

artery segment to noradrenaline (squares) and clonidine (circles) , 

Extraluminal drug application, open symbols ; intraluminal 

application, closed symbols. 
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Fig, 3 .11 Concentration response curves of a denervated perfused 

rabbit ear artery segment to noradrenaline (squares) and clonidine 

(circles). Extraluminal drug application, open symbols; intraluminal 

application, closed symbols. (The results illustrated in Figs. 3.9 

and 3.11 were obtained from arteries removed from the same animal.) 
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Fig. 3.12 Concentration response curves of a perfused rat tail artery 

segment to noradrenaline (squares) and clonidine (circles) . Extra
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Control Sympathectomy Cocain e 

I.L . / E. L . 
Period of 

I.L . /E . L. I.L . / E. L . 
Mx l 0-7 Ratio denervat ion Mxl0-7 Ratio Mxl 0- 7 Ra tio 

(days) 

4 .13/6 . 00 0 . 69 12 4 . 43/5 . 44 0 . 81 18.01/ 14. 26 1.26 

5 . 00/5 . 85 0 . 85 6 2.63/2.25 1.17 4.69/6.38 0.74 

1.16/2 . 03 0 . 57 7 3.94/8.44 0.47 

4 . 77 / 4 . 20 1.13 14 3 . 75/6 . 12 0.61 

4 .20/12 . 00 0 . 35 

20 . 63/18 . 01 1. 15 

9 . 01/8 . 33 1.08 

Mean o. 77 o. 72 0 . 97 

± S. E. +0 . 14 +0.16 

-0 . 12 -0 . 13 

Table 3. 1 Ratio of intr a lumi nal (I.L. ) to extraluminal (E.L.) clonidine 

concentrat~ons caus i ng a 50 mm Hg r ise in perfusion pressure in seven 

control , four sympathectomized and two cocaine treated rabbit ear 

arteries . Individual rat ios and geometric means (± S. E. ). 
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arteries (Fig . 3.11) and the mean I.L./E.L. concentration ratio of 

0.72 was not significantly different from the ratio in the seven 

control vessels (Table 3.1). 

-6 The effects of cocaine (2.94 x 10 Madded to the perfusate and 

the bath fluid) on two rabbit arteries and one rat artery were 

similar to the effects of chronic denervation , i.e. a small increase 

i n the intraluminal sensitivity and a much greater increase in extra-

luminal sensitivity (Fig. 3.12) . As with chronic denervation, 

cocaine caused only a slight i ncrease in sensitivity to clonidine, 

and the mean I . L. / E. L. concentration ratio for the three preparations 

(0 . 93 + 0 . 16, - 0. 14) was not significantly different from the ratio 

in control vessels . 

Rat artery strips 

In the first hour after being set up all prepar at ions relaxed to 

some degree but t hereafter a stable resting length was usually 

maintained. If t his state was not achieved the preparation was 

omitted from the analysis of results . At no time was any spontaneous 

activity of t he strip det ected . 

Effeats of noradrenatine : The effects of noradrenaline have 

been examined in five untreated and 14 control (chronic study) strip 

preparations and Figure 3 . 13 contains an example of t he responses to 

cumulative doses . The contractile response to noradrenaline'was 

rapid in onset and in attaining a plateau, but relaxation despite 
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Fig . 3.13 Responses of tail artery helical strips from two rats to 

cumulative concentrations of four agonists. Responses of one of the 

four strips used in the. acute study to clonidine (3.2 x 10-lO M to 

3.2 x 10-5 Mand 1.2 x 10-4 M). Responses of a strip from a control 

rat in the chronic clonidine series to noradrenaline (5 .91 x 10-9 M to 

5.91 x 10- 4 M), to methoxamine (4.04 x 10-S M to 4.04 x 10- 4 M) and to 

KCl (10- 2 M to 10-l M). Drugs were added at• , and washed out at.&. 

Vertical scale 1 mm contraction. 



Artery Strips Vein Segments 
% % 

101.4 67.6 

82.8 71.4 

115 .2 67.4 

101.8 81.3 

135.5 78.0 

65.5 62.7 

110.3 73.7 

99.0 70.2 

82.8 

Mean 101.4 72.8 
n . s. p<0.001 

± S.E. 7.4 2.3 

Table 3.2 Reproducibility of noradrenaline responses 

in 8 rat tail artery strips and 9 portal vein segments 

from control rats in the chronic studies. Maximum 

contractions to a third sequence of cumulative concen

trations applied at the end of the experiment expressed 

as a percentage of the first two maximum contractions 

obtained at the beginning of the experiment . Signifi

cance of the difference between first two and third 

response is shown. (Student's paired t-test.) 
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repeated washouts was consistently slower. Threshold concentrations 

-8 -7 were usually between S.91 x 10 Mand S.91 x 10 M, and maxima were 

attained at S.91 x lO~s M. The mean E.D. SO (± S.E. ) for the fourteen 

-6 control preparations was 1 .24 + 0 .9 , -O .S2 x 10 M. 

Responses to noradrenaline were reproducible and in eight of the 

fourteen contr ol strips a third sequence of cumula t ive concentrations 

was applied at the conclusion of the experiment (usually S-6 hour s) . 

The maximum of the third response was not significantly diff er ent from 

the first two and responses to submaximal doses of noradrenal ine were 

essentially unchanged (Table 3 .2). 

The responses of two strips to noradrenal ine in the presence of 

cocaine (2 . 94 x 10-6 M) were determined. The maximum con t cact i on was 

not increased but there was a 2 . 3 fold shift to the l eft of t he E.D . SO 

(Fig. 3 .14) . This i ncrease in sensitivity is less than that to E.L . 

noradrenaline (27 x) but greater than that to I.L . application (1.3 x ) 

in the rat perfused s egment . 

Effeats of methoxamine and KCl: The effects of cumul ative doses 

of thes e agonists were recorded in 13 control s t rips (e . g . Fig . 3 , 13) . 

The time course of the contraction with both was usually slower t han 

that wi th nor adrenaline, and the r elaxation after washou t was mor e 

rapid fo llowi ng KCl and noradrenaline than methoxamine . The mean 

(± S.E.) maximum r esponse to noradrenal ine (O.S2 ± 0.07 mm) was 

approximately equal to that to methoxamine (O.S2 ± 0 . 09 mm) but 
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Fig. 3.14 Responses (mean ± range) of two rat tail artery helical strips to cumulative doses of 

noradrenaline (squares) and clonidine (circles) expressed as a percentage of the maximum contraction produced 

by each agonist. Open symbols, control responses; closed symbols, cocaine (2·. 94 x 10-4 M) present. 
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considerably greater than that to KCl (0.22 ± 0 . 04 mm) , However, 

the strips were less sensitive to methoxami ne (mean E.D. 50, 6.43 x 

-6 2 10 M) and also to KCl (mean E.D. 50, 5 . 83 x 10- M) than to 

noradrenal ine. 

Effects of atonidine : In four preparations t he effect of 

clonidi ne was determined after responses to noradrenaline had been 

obtained (e . g . Fig. 3.13). The contraction produced by clonidine 

developed more slowly than that to noradrenaline, and the maximum 

contraction produced (at 1.2 x 10-4 M) was only about 25% of t hat 

caused by no r adrenaline (1.8 x 10-4 M) (Fig . 3.15), In two of these 

strips a sustained maximum con t raction with nor adrenaline (1 . 7 x 

-4 10 M) was produced and then cumulative doses of clonidine applied . 

This resulted in a concent ration dependent relaxation of the strip 

to 56,5% of the maximum contrac tion (Fig . 3 . 16). Conversely, when 

these two strips were in sustained maximum contraction with clonidine 

first cumulative doses of noradrenaline r es ul ted in f urther con-

traction (Fig. 3 .16). 

The effect of cocaine on the responses to clonidine was determined 

in two strips , As with noradrenaline, the maximum contraction was not 

increased, but unlike the noradrenaline response, there was no shift 

of the E.D. 50 (Fig. 3.14). 

Rat portal vein segments 

These preparations exhibited spontaneous contractions whose 
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frequency was greatest (approximately 15/min) in the first 10 to 15 

minutes. At the end of an hour of equi libration i n Krebs solution 

the preparation displayed a stable resting length and a relatively 

low frequency of contraction (3-5/min) which was maintai ned for four 

to six hours (e.g. Fig. 3.17). The amplitude fluc tuated, but usually 

diminished during an experiment. 

Effects of noradrenaline, methoxamine and KCZ : Low concen-

-8 -7 trations of 5.91 x 10 M noradrenaline, 4.04 x 10 M methoxamine 

-2 and 2.0 x 10 M KCl caused an increase in the frequency of contrac-

tions as well as a baseline contra ction (e.g. Fig. 3.17). With higher 

concentrations the amplitude of spontaneous contractions rapidly 

diminished and then ceased as the baseline contraction increased 

further. After washout of the drug, the segment relaxed more rapidly 

following noradrenaline and KCl than following me t hoxamine . 

Spontaneous contractions reappeared during re l axation, initially at a 

greater than pre-drug frequency . Contraction amplitude often did not 

completely regain its control magnitude. Good duplicates with each 

agent were consis t ently obtained, but a third noradrenaline r esponse 

at the end of the experi ment was significantly less t han the ini tial 

two (Table 3 . 2). In sixteen veins the mean (± S. E. ) maximum res-

ponses to noradrenaline (1.58 ± 0.11 mm) were significantly greater 

than those to both methoxami ne (1. 36 ± 0.09 mm) ~nd KCl ( l . 20 ± 0.1) , 

p<0.001. The sensitivity of the veins to noradrenaline (mean E.D. 50, 
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Fig. 3 .17 Responses of the portal vein segment from a control rat 

in the chronic guanethidine series to cumulative doses of noradrenaline 

(5 . 91 x 10-9 M to 5.91 x 10-4 M), to KC! (10-2 M to 10-l M) and to 

methoxamine (4.04 x 10-S M to 4.04 x 10-4 M). Drugs were added at • , 

and washed out at .& • Vertical scale 1 mm contraction. 
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-6 3.93 x 10 M) was greater than that to both methoxamine (mean E.D . SO, 

-6 -2 S.99 x 10 M) and KCl (mean E.D. SO, 3 . 70 x 10 M) . 

Chronic Studies 

Rat blood pressures and body weights 

The blood pressures of the control and clonidine treated groups of 

rats before and during the treatment were not significantly different. 

Similarly, clonidine did not significantly affect the gain in we i ght 

during the pretreatment period (6- 8 weeks). 

Blood pr essures were not measured i n the animals of t h e other t wo 

series. Seven of the eight reserpine treated animals lost weight as 

a result of t he pretreatment and the mean toss of 28 gm was significant 

(Table 3.3). Wei ght changes in the treated and control groups of 

animals i n the guanethidine series were not significant. 

Histochemistry 

Specific monoamine fluorescence was markedly depleted or com-

pletely absent from the tail arteries and portal veins of rat s after 

one week of parenteral reserpine or guanethidine (e . g. Figs . 3 . 18 to 

3 . 21). In contrast, clonidine adminis~ered fo r six to eight weeks 

did not produce any significant change i n intensity or distribution 

of monoamine fluorescence (e .g. Figs . 3 . 22 and 3 . 23). 

Vascular sensitivity to noradrenaline, methoxamine and KCZ 

Chronic reserpine: Reserpine pretreatment did not affec t t he 

magnitude of the max i mum responses of the arterial strips to 



BODY WEIGHT (gms) 
Rat Control Treated 
Pair Before After Before After 

1 210 212 

2 205 205 205 180 

3 215 220 210 200 

4 200 180 

5 190 165 

6 210 215 215 220 

7 190 193 190 155 

8 235 225 240 173 

9 220 170 

Mean 210 . 8 211. 7 208.8 180.4 

± S. E. 6.0 4 . 7 5.9 7 . 3 

p >0 . 9 <0.0 1 

Table 3 . 3 Effect on body weight of daily i njections for one 

week of reserpine vehicle to control rats and of reserpine to 

treated rats. Individual weights and group means (± S. E. ) 

before and after treatment . (S t udent's paired t-test.) 



Transverse section of the tail artery from a reserpine 
Fig. 3 . 18 
treated r at showing complete absence of medial adventitial monoamine 

fluorescence (c . f. Fig. 3.5). Magnification x 200. 

.. 



Fi g. 3 . 19 Transverse section of the portal vein from a reserpine 

t r eated rat showing complete absence of medial adventi t ial monoamine 

fluorescence (c . f. Fig. 3.6). Magnification x 150. 



Transverse section of the tail artery from a guanethidine Fig. 3.20 
treated rat showing a reduction in the intensity and the distribution 

of monoamine fluorescence at the media l adventitial border (c.f. 

Fig. 3.5). Magnification x 230. 



Fig. 3 . 21 Transverse section of the portal vein from a guanethidine 

treated rat s howing a reduction in the intensity and the distr ibution 

of monoamine fluorescence at the medial adventitial border (c . f. 

Fig. 3.6) . Magnification x 300. 



Fig. 3.22 Transverse section of the tail artery from a clonidine 

treated rat showing normal intensity and distribution of monoamine 

fluorescence at the medial adventitial border (c . f , Fig. 3.5). 

Magnification x 210. 



Fig. 3.23 Section of the portal vein from a clonidine treated rat 

showing normal intensity and distribution of monoamine fluorescence 

at the medial adventitial border (c. f. Fig. 3.6). Magnification x 160. 
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noradrenal ine, but di d increase the sensi tivi ty as manifest ed by a 

decrease in both the E.D. 50 and the t hreshold dos e of nor adr enaline 

(Table 3.4 and Fig. 3.24). In the cases of methoxamine and KC l 

neither the maximum responses or the E.D . 50's were affec ted by t he 

reserpi ne pretreatment (Table 3.4). 

In the vein prepar ations neither the mean maximum r e spons e nor t he 

mean E.D. 50 .of each of t he three agonists (noradrenal i ne, met hoxami ne and 

KCl) was affected by reserpine pr etreatmen t (Table 3 .5) . 

Chroni c guanethi dine: Arterial pr epar a t ions from t wo pair s of 

rats (pretrea t ed and contr ol) were discar ded because relaxation con

tinued at an unacceptable r ate and r espons i venes s t o nor adrenal i ne wa s 

rapidly l os t . The thr ee ot her pair s of ar t:erial prepa rations wece 

satisfactory . The mean of the maxi mum responses to noY adrenal i ne , 

methoxamine and KCl and the mean E. D. SO' s wet·e not significan t ly 

affected by guanethi di ne pretreatment (Tabl es 3 .4 and A.7) . The 

methoxamine t:hreshold, however, was s ign.tfic.an t l y le&s in t he 

guane t hidine t reated than cont r ol s trips " 

In ve i n pr eparat ions f rom a l l five pai r s of an imals the me~n 

maximum responses t o nor adrenaline , methoxamine and KCl were signif i 

cantly gr eater i n pretreated than con t r ol pr eparations . The. 

concentr a tion r espons e curves (absol ute values ) of the trea~ed veins 

lay to t he lef t and above tho~e of t he contr ol veins (Fig. 3 . 2:.) and 

the shi f t was signifi cant at a l l but lowest concentrations fo r each 



Pretreatment 
Noradrenaline Methoxamine KCl 

- Concentrati on Concentration Concentration Series (Mxl0- 6 ) (Mx l0-6 ) (Mxl0- 2 ) 

Control Treated Control Treated Control Treated 

Clonidi ne 1.59 1.40 6.79 5.68 5.74 5.53 

(n=12) +0 . 52 +0 . 33 +3.68 +2 .12 
±0.13 ±<0.001 

- 0 .39 -0 . 27 -2.39 -1.55 

p >0 . 7 >0.7 >0.1 

Reserpi ne 0 . 97 0 . 55 6 . 63 6.31 6 . 12 5.56 

(n=l2) +o . 18 +0 .09 +1.63 +0.88 +0.51 

-0 . 15 -0.08 -1.31 -0. 77 -0.47 ±0.18 

p <0 . 05 >0 . 8 >0 . 2 

Guanethidine 1.13 0.47 5 . 12 6.52 5.58 5.50 

(n=6 fo r noradr .) +0 . 20 +0 . 46 +2 . 16 

(n=4 for met hox . -0 .17 - 0.26 -1.52 
±0.15 ±<0.002 ±0 . 13 

and KC l ) 
p >0 . 3 

Table 3.4 Effec t of ch r onic administration of clonidine, reserpine and 

guanethidi ne on t he r esponses of rat tai l artery strips to noradrenaline, 

methoxamine and KCl . Results expr essed as the geometric mean (± S. E.) of 

the E. D.50 of each agonist. n = number of strips (control plus treated) . 

Student's unpaired t-test . ) 
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Pretreatment Noradrenaline Methoxamine KCl 
Concentration Concentration Concentration Series (Mxl0'"" 6

) (Mxl0- 6 ) (Mxl0-2
) 

Control Treated Control Treated Control Treated 

Clonidine 3.90 1.56 8.96 3.02 3.70 3. 71 

(n=ll) +l. 73 +0.68 +1.27 +3.51 +0 . 25 +o.39 

-1.14 -0 . 47 -1.11 -1.62 -0.23 -0.35 

. . . -·· 
p 

' . 
>O.l >0.1 >0.1 

. ... 

Res erpine 4 . 38 -2-. 79 7.10 4;32 3.31 3 :1-2 

(n=13) +1 . 42 +1 . 06 +2.04 +1.18 +0.21 
±0.16 

-1.07 - 0.77 -1.58 -0.92 -0.19 

p >0 .3 >0.2 >0.4 

Guanethidine 3 . 66 1.83 3.12 3.19 4.12 3.82 

(n=lO) +1.53 +0 . 24 +0 . 81 +1.99 +0.14 +0.13 

-1.08 -0.23 -0 .64 -0.75 -0.13 -0.12 

Table 3 . 5 Effec t of chronic administration of clonidine, reserpine 

and guanethidine on the responses of rat portal vein segments to 

noradrenal i ne, methoxamine and KCl, Results expressed as the geometric 

mean (± S. E.) of the E.D . 50 of each agonist. n =number of segments 

(control plus treated), (Student's unpaired t-test . ) 
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agonist . 

Chronic cloni dine: Clonidine had no significant effect on the 

maximum responses of artery and vein preparations to noradrenaline, 

methoxamine and KCl and the slight shift to the left of their 

E.D. 50's were not significant (Tables 3.4, 3.5 and A.8). 

DISCUSSION 

Properti es of the Isolated Vessels 

The pattern of sympathetic innervation in the rabbit artery 

described by de la Lande & Waterson (1967) was confirmed in the 

present histochemical studies. These also showed that noradrenergic 

structures of the rat tail artery and rat portal vein, as in the 

rabbit artery, were confined to the medial adventitial border . The 

density of fluorescence in the rat artery appeared greater than that 

in the rabbit artery. However, the rat vessel is the smaller of the 

two and an inverse relationship between intensity of fluorescence and 

vessel diameter has been described by Falck (1962) and Norberg & 

Hamberger (1964) . Monoamine fluorescence appeared only at the medial 

adventitial border in the portal vein, which contrasts with the 

demonstr ation of fluorescence between the i nner circular and outer 

longitudinal smooth muscle layers by Johansson, Ljung, Malmfors & 

Olson (1970) . The explanation of this discrepancy probably lies i n 

the fact that in the present study segments for histochemistry were 

taken from the mesenteric end of the vein where the longitudinal 



3.19 

layer becomes thin or disappears (Johansson et al., 1970) and all the 

fluorescence therefore appeared in the adventitia . 

The adventitial location of the sympathetic nerves in the 

isolated rabbit artery preparation has been shown to be the major 

factor responsible for its tenfold greater sensitivity to I.L. than 

to E.L . nor adrenaline, and also for the striking potentiation by 

cocaine of E. L. compared to I.L. noradrenaline (de la Lande et al. , 

1966; de la Lande & Waterson, 1967; de la Lande, Frewin & Waterson, 

1967) . In the present study it has been demonstrated that the perfused 

rat artery segment exhibits similar properties and it was also found 

that the noradrenaline dose response curve of the new helical strip 

preparation was shifted to the left by cocaine. The latter increase 

in sensitivity was intermediate in value between those of I.L . and 

E.L. noradrenaline on the segment, reflec ting the fact that in the 

strip noradrenaline reaches the smooth muscle from intimal and 

adventitial (and cut) surfaces simultaneously. Johansson et al . 

(1970) have shown that cocaine caused a marked increase in the 

noradrenaline sensitivity of the unperfused rat portal vein . Thus 

the four isolated preparations retained functional sympathetic post

ganglionic innervation, a characteristic which makes them eminently 

suitable for studying the mode of action of vasoconstrictor drugs . 

The responses of the preparations were reproducible over some 

hours, except in the case of the portal vein in which the maximum 
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contraction diminished gradually so that after four to six hours it 

was approximately 73% of the initial maximum. As a consequence of 

this, methoxamine maximum responses were significantly less than 

initial noradrenaline maxima. However, they were of the same order 

of magnitude as the final noradrenaline response. Sensitivity of the 

vein preparation in terms of threshold agonist concentrations did not 

show this gradual decline in response. 

The comparison of the effects of chronic antihypertensive drug 

administration on vascular sensitivity utilized only the artery strip 

and the portal vein, since full dose response relationships can be 

obtained with these preparations . Noradrenaline, methoxamine and 

KCl were chosen as representative agonists in the expectation that 

responses to them would indicate whether supersensitivity of the pre

junctional or post-junctionaltype had been induced by the antihyper

tensive agents. Increased responses to methoxamine and KCL occur when 

supersensitivity is of the post-junctional or non-specific type 

(Trendelenberg, Maxwell & Pluchino, 1970; Hudgins & Fleming, 1966), 

whereas an increased noradrenaline response occurs in both pre- and 

post-junctional supersensitivity (Trendelenberg, 1963). 

CZonidine 

Aaute effects 

Clonidine caused vasoconstriction in the perfused rabbit and rat 

artery segments. The effect was abolished by phentolamine and 
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therefore is presumably mediated by adrenergic alpha receptors. This 

is in agreement with investigations on other tissues, e.g. isolated 

cat hindquarters (Kobinger & Walland, 1967), perfused dog forepaw 

(Constantine & McShane, 1968), and the isolated perfused whole rabbit 

ear (Boissier et al . , 1968). The sensitivities to E.L. and to I.L . 

clonidine were approximately equal in contrast to the approximate 

tenfold difference in sensitivity to noradrenaline by the two routes. 

Furthermore, denervation and cocaine had little effect on the 

sensitivity to clonidine applied by either route in contrast to their 

selective effect on the sensitivity to E.L. noradrenaline. Similarly, 

in the helical strip cocaine did not affect the sensitivity to 

clonidine, whereas the effects of noradrenaline were potentiated. 

This evidence is consistent with that obtained by Rand & Wilson (1968) 

of the lack of effect of cocaine on the pressor response and of 

denervation on the contraction of the nictitating membrane produced 

by clonidine i n the cat . However, it is in conflict with the evidence 

of Boissier et al. (1968) who found that the clonidine pressor response 

in the dog was reduced by cocaine and therefore concluded that there 

was an indirect component in its alpha receptor stimulant action. 

These differences may reflect species differences, but, regard l ess of 

that possibility, it is clearly difficult to relate effects on a 

complex phenomenon like the blood pressure response to effects on an 

isolated vessel. 
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In the rat tail artery strip the maximum response to clonidine was 

only about a quarter of that to noradrenaline, and when added during 

a maximum response to noradrenaline, it relaxed the strip. These 

effects of clonidine are consistent with Constantine & McShane's 

evidence on the rabbit aorta (1968) that it has less efficacy at, but 

greater affinity for, adrenergic receptors than adrenaline, i . e . it 

behaves like a partial agonist. The fact that clonidine exerts a 

similar effect on two dissimilar arteries (small muscular from the rat; 

large elastic from the rabbit) suggests that its partial agonist 

effect may extend to most types of artery. 

In summary, these results of acute application offered no evidence 

that clonidine effects are neuronally mediated in any way, but pointed 

to a direct effect on alpha adrenergic receptors. 

Chronic effects 

The oral route of administration was chosen since t he rat readily 

absorbs clonidine when it is given by this route and the blood levels 

achieved are comparable to those resulting from I.V. injection 

(Rehbinder & Deckers, 1966). This route of administration seemed 

preferable to twice daily injection for 1~ to 2 months . The dose 

employed was more t han double that which had resulted in a depression 

of vascular responses to catecholamines and angiotensin in the cat 

hindlimb (Zaimis & Hanington, 1969), but, nevertheless , chronic 

clonidine had no effect on either the sensitivity of the rat artery 
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or vein preparations to noradrenaline, methoxamine or KCl, or on the 

maximum responses to these agents. Although acute administration of 

large doses of clonidine causes depression of catecholamine sensitivity 

(Hoefke & Kobinger, 1966; Boissier et al., 1968), it is conceivable 

that in the present study the dose may have been insufficient since 

there was no evidence of a hypotensive effect during the course of 

the treatment. On the other hand, the failure to reproduce either the 

increased vascular sensitivity found in man, or the depressed 

sensitivity found in cats, may indicate that there is a species 

difference in the effect of clonidine on the response to catecholamines . 

But further studies on both normotensive and hypertensive animals at 

a number of dose levels of clonidine will be needed to establish that 

possibility or indicate other explanations for the discrepant results. 

Hoefke & Kobinger (1966) reported that 5 mg/kg of clonidine daily 

for three days did not deplete the noradrenaline content of the rat 

heart, and the present study i ndicates that a smaller dose over a 

longer period is similarly lacking i n effect on vascular catecholamines. 

Chronic Reserpine 

The only significant effect of chronic reserpine detected in the 

present study was an increase in noradrenaline sensitivity of the rat 

artery strip without a change in its maximum response . The change in 

sensitivity is less than that which occurs with chronic reserpine in 

the rabbit aortic strip (Hudgins & Fleming, 1966) which may reflect 
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a species difference or even a difference between small muscular and 

large elastic arteries . The reason for the failure to demonstrate 

supersensitivity to methoxamine and KCl in the artery strip and the 

lack of supersensitivity to all three agonists in the vein segment is 

not obvious. Reserpine induced supersensitivity in other smooth 

muscle preparations i s of the post-junctional type (Trendelenberg, 

1966), i.e. it would be expected to occur with methoxamine and KCl 

as well as with noradrenaline, and it is unlikely that the rat artery 

and vein are exceptions to this. It is possible that the amount of 

trauma and handling to which the vessels were subjected was partly 

r~sponsible for the failure to detect supersensitivity to methoxamine 

and KCl in the artery and to all thr ee agonists in the vein . (This 

possibility has been invoked by Westfall & Fleming (1968) to account 

for their finding that the reserpine treated guinea pig pacemaker 

supersensitivity t o noradrenaline and calcium was greater in vivo 

than in the isolated perfused heart and was completely undetectable 

in the isolated spontaneously beati ng right atrium.) The weight loss 

and possibil i ty of a poor nutritional state of the animals receiving 

reserpi ne may have been additional f actors involved in determining 

the absence of a demons trable supersensitivity. 

Chronic Guanethidine 

In contrast to the case with reserpine, chronic guanethidine 

induced a venous supersensitivity to noradrenaline, methoxamine and 
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KCl (i.e . it was of a post-junctional type) manifested mainly as an 

increase in the maximum response to these agonists though there was 

a slight shift to the left of their dose response curves . The failure 

to demonstrate a similar supersensitivity in the artery strip is 

puzzling. Most other studies have recorded a small increase (1.8 to 

2 fold) in vascular sensitivity to catecholamines (e.g . Maxwell, 

Plummer, Schneider, Povlaski & Daniel, 1960; Mccubbin, Kaneko & Page, 

1961; Boura & Green, 1962; Zimmerman & Harris, 1963), although 

Altura & Zweifach (1966) found that in the rat mesenteric vessels 

sensitivity was depressed. The guanethidine treated rats, unlike the 

reserpine treated ones, did not lose any weight or show any gross ill 

effects with the drug treatment, so this cannot be invoked as a cause 

for the lack of supersensitivity in the artery. The dose of 

guanethidine used was the same as that which Zimmerman & Harr is 

(1963) used when t hey demonstrated supersensitivity in mesent eric 

vessels. However, t he preparation they used was not subjected t o the 

same degree of t r auma as the tail artery strip and this factor may 

have rendered t he latter preparation incapable of detecting a small 

change in sensitivity. 

Sites of Vascular Supersensitivity 

The findings with r eserpine and guanethidi ne are of additional 

interest s ince t hey extend the observations on the sites i n t he 

cardiovascular s ystem which may develop supersensiti vity . Most of 
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the information in earlier investigations related to the development 

of supersensitivity i n the heart and larger elastic arteries such as 

the aorta and femoral artery (e.g. Burn & Rand, 1958; Mccubbin et 

al., 1961; Fleming & Trendelenberg, 1961; Boura & Green, 1962; 

Hudgins & Fleming, 1966; Westfall & Fleming, 1968). The present 

results indicate that venous supersensitivity, not only to sympatho

mimetic drugs but also to potassium, can be induced by guanethidine, 

and the importance of this phenomenon for the clinical use of this 

and related drugs needs to be investigated further. With the demon

stration of s upersensitivity i n a small artery after reserpine there 

is now evidence that most of the arterial tree and the microcirculation 

can develop supersensitivity during chronic reserpine administration . 

Further research is needed to determine why venous supersensitivity 

developed with guanethidine but not with reserpine . The doses of 

guanethi dine and reserpine used in most studies, including the present 

one, have been considerably greater than those likely to be used 

therapeutically and therefore the direct relevance of such f i ndings 

to clinical practice needs to be explored. 

The present study also confirms an observation made by Fleming 

& Trendelenberg (1961) that there is no direct relationship between 

supersensitivity and catecholamine depletion. Reserpine was usually 

associated with complete absence of monoamine fluorescence in both 

the artery and vein and yet resulted in a significant supersensitivity 
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only to noradrenaline in the artery preparation. In contrast, the 

guanethidine depletion of catecholamines was often not complete, but 

it nevertheless caused consistent and significant increases in 

venous sensitivi ty. 

SUMMARY 

Clonidine constricted the isolated perfused artery preparations 

of the rabbit ear and the rat tail and this effect was abolished by 

adrenergic alpha receptor blockade . In the helical strip preparation 

of the rat tail artery it was found that the maximum contraction 

produced by clonid i ne was only 25% of that caused by noradrenaline, 

and clonidine also reduced the maximum contraction produced by 

noradr enaline, Both of these effects on the helical strip indicate 

that clonidine is an a lpha receptor partia l agonist. 

From concentration response curves in the perfused arteries it 

was determined that the intraluminal to extraluminal concentration 

ratios for clonidine were not significantly affected by chronic 

sympathetic denervation or cocaine. In contrast, these procedures 

considerably augmented the response to extraluminal noradrenaline 

and caused a tenfold increase i n the I.L./E.L. concentration rat io. 

These results indicate that clonidine ' s vasoconstrictor effect 

results from a direct rather than an indirect action on alpha 

receptors. 

Oral administration of clonidine for six to eight weeks did not 
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lead to any signi ficant change in the sensitivity of the rat isolated 

tail artery strip or portal vein segment to noradrenaline, methox

amine or KCl . The present study was therefore unable to confirm the 

depression of vascular sensitivity to vasoconstrictors which has been 

observed after chronic clonidine in the cat or the i ncreased 

sensitivity found in the hypertensive patients of the present study . 

There was no obvious effect of chronic clonidine on the monoamine 

fluorescence in these vessels . 

In contrast, pretreatment with guanethidine and reserpine caused 

partial t o complete depletion of monoamine fluorescence in bo t h t he 

artery and the vein. Reserpine was also assoc iated with s i gnificant 

arterial supersensitivity to noradrenaline, and guanethidine caused a 

marked increase i n venous sensitivity to methoxarnine and KCl as wel l 

as to noradrenaline. In these experiments there was no corr elation 

between the degree of catecholamine depletion and the development of 

vascular· ~uper~ensitivfty. c_) (.: • I !I • 



CHAPTER 4 

The results obtai ned in the present study confirm that clonidine 

causes cutaneous vasoconstriction in man by adrenergic alpha receptor 

stimulation, The increase in hand vascular resistance which 

occurred in the first few minutes after intravenous i njection can 

probably be entirely explained on the basis of this local effect. 

Thus there is no need to postulate that the constriction was reflexly 

induced or dependent upon the release of vasoactive hormones. The 

effect on the rat artery strip indicates that clonidine is, however, 

a partial rather than a full agonist, but alpha receptor blockade is 

unlikely to occur with the low doses which are commonly used in 

clinical practice. Thus clonidine's adrenergic activity shows it 

has pharmacological as well as structural simi larities to tolazoline 

and naphazoli ne . 

The maximum hypotensive effect of clonidine is attai ned approxi

mately thirty mi nutes after intravenous injection . Thi s compares 

favourably with the delay of three to four hours before the maximum 

effect of parenterally administered reserpine occurs (Finnerty, 1966). 

Johnston & Aickin (1971) also found that clonidine's antihypertensive 

effect in the acute situation was gr eater and more consistent than 

that of methyldopa . Although diazoxide is often t he drug of choice 

in hypertens i ve emergencies because of its rap i d effect (2-5 min), in 

cases where i t is contra-indicated or i neffect i ve, intravenous 

clonidine could be a suitable alternative. However, the initial 
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presser effect following an I.V . injection may have undesirable 

consequences. Adrenergic alpha receptor blockade prevents the rise 

in pressure, but the hypotensive effect is then also blocked (Merguet 

et al., 1968). Others have suggested that the intramuscular or sub

cutaneous routes of administration be used . Though these injections 

avoid the pressure rise, they also delay the onset of the anti

hypertensive effect (Vorburger, 1970; Bock, 1970; Onesti, Schwartz, 

Kim, Paz-Martinez & Swartz, 1971). Furthermore, subcutaneous 

injection i nvolves the risk that constriction of cutaneous vessels at 

the injection site could be of sufficient severity to cause tissue 

necrosis or ulceration . However, as the present study and that of 

Ehringer (1966) have shown, a pressor response does not occur if the 

intravenous injection is given slowly, e.g. over five or ten minutes , 

and the maximum hypotensive effect is still attained in approximately 

half an hour . 

Although it was only possible to study two patients on long 

term c lonidine treatment for hypertension, there is such a dearth of 

information about its chronic effects that the information obtained 

from them i s of value . Both patients had a decrease i n hand blood 

f l ow and an increase in hand vascular res istance, i.e . the cutaneous 

vasoconstriction was also present during chronic t reatment . Evidently 

any homeosta t ic reduction in total peripheral resistance occurring 

with long term clonidine (Reubi et al ., 1970) does not involve 
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cutaneous vessels. Consequently, there must be considerable vaso

dilatation in some or all other vascular beds. One of the two 

patients complained that, while taking clonidine, the circulation in 

his hands was abnormally sensi tive to cold weather, but this was not 

sufficiently troublesome to necessitate stopping the drug. However, 

hand circulation can be more severely reduced and may present as 

Raynaud's phenomenon (Winchester & Kennedy, 1971). Though remission 

occurred in this case, permanent vascular damage remains a possible 

risk of prolonged clonidine treatment. It may therefore be prudent 

to use alternative antihypertensive agents if a pat ient on clonidine 

displays evidence of severe or pers istent vasospasm, and existing 

vasospasm or impaired cutaneous circulation (e.g. in diabetic 

patients) may be a relative contra-indication to its use. In the 

present study, chronic clonidi~e not only caused an increase i n hand 

vascular resistance, but also increased the response of these vessels 

to intra-arterial noradrenaline. Both of these facto rs may have been 

involved in producing the increased sensitivity of the hand circulation 

to the stimulus of low temperatures. Acute clonidine also causes a 

rise in cerebrovascular resistance (Deisenhammer & Klausber ger, 1966; 

James, Larbi & Zaimis, 1970), but there are no studies in wh i ch t h i s 

has been looked for during chronic administration, nor have t h ere 

been any reports of unwanted effects which might be related to it. 

The heart rate fell during both acute and chronic clonidine 
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administration and bradycardia was particularly marked in the case 

of chronic treatment . Unless the stroke volume in these latter 

patients was considerably increased, it is difficult to see how the 

cardiac output could be increased as Reubi et ai. (1970) have suggested 

is the case in long term treatment. In fact, two of the four patients 

in the study by Reubi and co-workers were bei ng treated with guaneth

idine, which may well have influenced their results, as well as with 

clonidine . It is obvious that more investigation into the haemo

dynamic effects of chronic clonidine is needed before the issue can 

be clarified. 

The presser effect of I.V. noradrenaline and the vasoconstrictor 

effect of I .A. noradrenaline were increased by both acute and chronic 

clonidine . However, vascular supersensitivity could not be demon

strated in the isolated smooth muscle preparations , Therefore , 

supersensitivi ty is unlikely to be contributing to the incr eased 

vascular responsiveness to noradrenal ine. Alternatively, clonidine 

and noradrenali ne may be i ncreasing reactivity by an additive effect 

on alpha receptors . The observation that acute clonidine and sub

maximal concentrations of nor adrenaline had additive contractile 

effects on the rat artery strip i s evidence supporting t his explan

ation. Nevertheless, it is unlikely that the phenomenon of tolerance 

seen in therapeutic use of the drug can be explained in terms of the 

increase in cardiovascular effects of catecholamines . Increased 
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responses to noradrenaline were observed within thirty minutes of 

i ntravenous clonidine and were no greater during chronic adminis tration . 

In contrast, tolerance develops one to ten months af ter starting 

treatment. The increased noradrenaline response may, however , 

aggravate any tolerance which occurs . An alter native hypothesis is 

that tolerance to cl onidine's antihypertensive effect results from an 

adaptation of the central sympathetic structures to the depressant 

action of the drug. The only evidence to support this hypothesis is 

indirect, i.e. the occurrence of rebound overac t ivi t y of t he s ympa

thetic nervous sys tem when clonidi ne t reatment is abruptly terminated . 

Withdrawal of the drug thus unmasks a hyperexcitability which presum

ably had developed in thes e structures as an adaptation to clonidine ' s 

depressant action. 

Chronic clonidine (1-2 mcg/kg/day) has proved to be an effective 

prophylactic agent in migraine (e . g . Sjaast ad & Stensrud, 1971 ; 

Shafar et al . , 1972) . The doses needed are smaller than those used 

in the treatment of hypertension and blood pressure does not usually 

fall. The mechanism of i t s action in this condition is unknown . A 

depressed vascular responsiveness to vasodi lators and vasocons t rictors 

has been suggested as the basi s of c lonidine 's a ction i n mi gra ine 

(Zaimis & Hanington, 1969). However , the doses used in t his animal 

study were approximately ten times greater than those used i n 

migraine,and other mechanisms may be more important at lower doses. 
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The evidence that acute clonidine (1-2 mcg/kg) causes cerebral 

vasoconstriction may be relevant here (Deisenhammer & Klausberger, 

1966; James et al., 1970). If this effect persists during chronic 

administration and counteracts the temporal vasodilatation, the 

headache characteristic of this phase of an attack would be prevented. 

The i ncreased cardiovascular effect of noradrenaline found in 

the present studies may also be relevant to the use of clonidine in 

the treatment of migraine. Other drugs acting on alpha receptors may, 

like noradrenaline, have an increased effect. Thus there is the 

possibility of an interaction with vasoconstrictors (e . g. ergotamine) 

used in the management of an acute attack of migraine. The enhanced 

vasoconstriction might be beneficial and terminate the attack. 

However, constriction in other vascular beds (e.g. the skin) would 

also be enhanced and could possibly result in detrimental effects . 

The possibility that clonidine may interact with vasoactive 

drugs in other situations is also worth consideration. The responses 

to sympathomimetics can be expected to be increased by c l onidine and, 

since there was no histochemical evidence of deplet ion of neuronal 

catecholamine stores , this includes the effect of indirectly acting 

sympathomimetics. A number of these drugs are present in proprietary 

medicines , e . g. cold remedies, which may be taken by the patient 

without t he knowledge of his medical advisor and may lead t o hyper

tensive episodes or inadequate control of the hypertension. 
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Theoretically, it is also possible for the cardiovascular 

effects of some general anaesthetic agents to be potentiated in the 

presence of clonidine. Diethyl ether and cyclopropane cause an 

increase in sympathetic activity and circulating catecholamines 

(Bhatia & Burn, 1933; Price, 1957; Price, Warden, Cooperman & 

Miller, 1969) which, in the presence of a clonidine-induced increase 

in sensitivity to noradrenaline, could be potentially hazardous . Of 

equal importance is the possible potentiation of the effects of these 

two agents in a case where c lonidine has been withheld a day or two 

prior to the anaesthesia and rebound sympathetic overactivity 

develops. An increase in arterial carbon dioxide (e . g. from hypo

ventilation during general anaesthesia) also increases sympathetic 

tone and plasma catecholamines (Sechzer , Egbert, Li nde, Cooper, 

Dripps & Price, 1960) which further increases the chances of producing 

hypertensive episodes during the anaesthetic and post-anaesthetic 

period. 

None of t hese possible interactions with c lonidine have been 

reported; however, the drug has not been extens ively used up to the 

present time . With more widespread avail ability and greater use i n 

the treatment of hypertension and migraine these, and probably a 

number of other interactions, can be expected to occur . 

In summary , the cutaneous vasoconstriction, increased responses 

to noradrenaline and withdrawal sympathetic hyperactivity which are 
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induced by clonidine have some undesirable consequences for its use 

in the treatment of hypertension and the prophylaxis of migraine. 

The pressor effect of intravenous administration can be avoided by 

injecting the drug slowly without thereby delaying the onset of its 

antihypertensive effect. Chronic administration, particularly of 

larger doses, may cause troublesome and deleterious vasospasm, the 

long term effects of which are not known, and it may be contra

indicated in cases where the cutaneous circulation is already impaired. 

Control of blood pressure i n hypertensive patients may become erratic, 

and hypertensive crises may be precipitated when a patient being 

treated with clonidine also takes other vasoactive drugs or agents 

capable of potentiating the effects of endogenous catecholamines . 

The potential for such interactions to occur also exists for several 

days after the interruption or abrupt termination of c lonidi ne 

treatment . 
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CHAPTER 5 

INTRODUCTION 

Papaverine is an isoquinolone alkaloid (Fig. 5.1) present in crude 

opium and first synthesised in 1909. In animals, small doses stimulate 

the heart, but larger doses (more than 10 mg/kg) cause sinus slowing, 

A-V conduction block and ventricular premature beats by a direct 

action on the myocardium (Macht, 1916; Elek & Katz, 1942; Dar by, 

Sprouse & Walton, 1958), Papaverine also has a non-specific vascular 

smooth muscle relaxant and spasmolytic action, with mor e marked 

effects on the cerebral and coronary v·essels than other vascular beds 

(Macht, 1916; Eckenhoff & Hafkenschiel, 1947; Karlsberg, Elliot t & 

Adams, 1963). When the alkaloid is given I .V. to man, in doses which 

are adequate to cause peripheral vasodilatation (100 to 200 mg), the 

arterial pressure usually falls and the blood flow i n some vascular 

beds may be reduced as a result of the fall i n perfusion pressur e 

(Carpi & Giardini, 1972). Furt hermore, t he direct cardiac effect of 

such doses may give rise to s erious car diac arrhythmi~s and death 

(Gray, Riseman & Stearns, 1945; Sagall & Dorfman, 1945) . In contrast, 

the cardiovascular eff ects of 100 to 200 mg given orally are minimal 

or absent (Russek, Urbach, Doerner & Zohman, 1953), despite relatively 

rapid and complete absorption from the gastro-intestinal tract 

(Axelrod, Shofer, Inscoe, King & Sjoerdsma, 1958) . 

Because of its brief action (Gray' et ai . , 1945; Carpi & 

Giardini, 1972), the deleterious cardia c effects after parenteral 
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Fig, 5.1 The structural formula of papaverine. 
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administration, and the lack of any significant effects during oral 

administration, the therapeutic use of papaverine has been minor and 

largely confined to the direct application onto, or local injection 

into, blood vessels in spasm. Despite these considerable dis

advantages, a sustained release for mulation of papaverine hydro

chloride (Pavabid Plateau Caps) has recently been developed in an 

attempt to provide an orally effective preparation . There have been 

several clinical trials with this preparation (Stern, 1965, 1966 , 1967 

and 1968; Tibbs, 1969) which concluded that Pavabid was of value in 

i mproving the circulation in a variety of vascular diseases . These 

results are surprising in view of the previous experience of the 

ineffectiveness of papaverine by the oral route. The efficacy of 

Pavabid may result from more sustained levels of papaverine, an 

increased sensitivity of the blood vessels in these patient s to the 

action of papaverine, or a combination of both factors . 

The aim of the present studies was two-fold: 

1. To determine the plasma papaverine concentrations af ter the I . V. 

infusion of doses which had cardiovascular effects; 

2. To measure t he plasma papaverine concentrations and cardio

vascular effects occurring with 2-14 days of sustained release 

papaverine administration . 
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METHODS 

Subjects and Papaverine Administration 

The subjects for these experiments were sixteen healthy 

volunteers and one subject who suffered f rom migraine headaches but 

who was otherwise in good health . There were four experimental 

groups: 

1. The effect of brachial artery i nfusions of papaverine hydro

chloride (0 . 25 - 2 mg/mi n) on hand and forearm blood flow 

were measured in six subjects . 

2 . Intravenous infusions of papaverine hydrochloride (1 - 1 . 25 mg / 

min) were given to thr ee s ubjects and t he effect on blood 

pr essure, heart rate, hand and forearm blood flow measured . 

Venous b lood s amples for papaverine assay wer e taken before, 

during and af ter the i nfusion . 

3. Two subjects t ook papaverine hydrochloride as the non-sustained 

release preparation (150 mg four times daily) f or three days 

and then substituted an identical dose of.the sus tained release 

preparation for the same period . Venous samples were taken 

before star ting the drug, and at one and four hours after the 

second daily dose on the last t wo days of each schedule . No 

cardiovascular meas urements were made . 

4. Administration of s ustained releas e papaverine hydrochloride i n 

two dosage s chedules: 
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(a) 150 mg twelve hourly was taken by four subjects f or seven 

days. Venous samples were taken before starting the drug, ·at 

four days and at the end of the seven day period at approxi

mately the same time of the day . Cardiovascular measurements 

were made in all subjects; 

(b) 150 mg four or five times daily was taken by six subjects 

for 14 days . Venous samples were taken at approximately the 

same time of day before starting the drug, and after one and 

two weeks of continuous intake, Cardiovascular measurements 

were made in three of the six subjects. 

The s ustained release papaverine tablets used in t he studies were 

prepared in Australia by the Mead Johnson Laboratories (Pavabid 

Plateau Caps wer e not used). All the subjects taking sustained 

release tablets kept rec ords of t imes when drugs were taken and noted 

any doses which were missed . The records and tablet counts showed 

that only one subjec t forgot to take a tablet on more than one 

occasion . Venous sampling and cardiovascular testing were at l east 

12 hours after any such omission by a subjec t . 

One subject par tic ipated i n al l the studies except t he I.A. 

infusions, and another was involved in two of the oral administration 

studies . All subjects gave informed consent to all procedures under

t aken . 
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Laboratory Conditions 

The studies on the cardiovascular effects of papaverine were 

performed in a laborator y at ambient temperatures ranging from 24° C 

0 t o 30 C, though the temper ature dur ing any particular study varied 

less than ± 0 . 5° C. 0 The same laboratory temperature - usually 27 C -

was used when subjects wer e studied on more than one occasion during 

chronic i ntake of papaverine . Subjects lay supine on a couch for a t 

leas t thirty minutes befor e r ecordings began, and during this time 

the recor di ng apparat us was applied and the appropriate catheters or 

infusion needles were inserted, 

Systemi c Arteri al Pressure and Heart Rate (H. R. ) 

In two of the three sub j ec ts given I . V. papaverine, systemic 

arteri al pre s s ure was measur ed directly through an indwelling brachial 

artery ca t he t er i ns er ted percutaneously us i ng the Seldinger technique 

(Seldi nger , 1953) . Thi s ca t heter wa s connected to a Statham pressure 

transducer (P23 DC) , t he out put of which was recor ded by a Beckman 

Dynograph ( t ype R). Sphygmomanometric determinati ons of arterial 

pressure were t aken i n the third subjec t given I .V. papaverine. The 

heart rate was r ead fr om an E. C.G . r ecorded by e i t h er the Beckman 

Dynograph or a Grass Polygr aph (model SD) . 

Hand and Forearm Blood Flow (H .B.F. and F. B.F. ) 

Hand or forearm blood flows wer e measured by the technique of 

venous occl us i on ple thysmogr aphy, us ually employing water-filled 

j, 
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plethysmographs (Greenfield, 1954), but in some of the studies during 

chronic papaverine intake the mercury-in-rubber strain gauge (Whitney, 

1953) was used to measure the forearm blood flow. 

Cardiovascular Reflexes 

The effect of chronic papaverine on circulatory reflexes was 

tested by measuring the cardiovascular responses to: 

1. The Valsalva manoeuvre (35 mm Hg maintained for 30 seconds); 

2. The performance of mental arithmetic (Blair et al. , 1959); 

3. Passive postural changes, viz. a 60° head up tilt for four 

mi nutes on a tilt-table and leg raising maintained for 1 to 2 

minutes (Roddie & Shepherd, 1956). 

Intravasaular Infusions and Expression of Results 

I .A. infusions were given into the brachial artery at the elbow 

through a 22 gauge s hort-bevel needle i nserted percutaneousl y with 

local anaesthesia . I .V. infusions were given through a catheter 

placed in an antecubital vein . Needles and catheters were connected 

through polyethylene tubing to infusion pumps which delivered 2 ml of 

solution per mi nute . Saline (0.9% w/v) was infused during control 

periods and was used as a vehicle for the drugs . 

The method of treating and expressing the results has · be~h . 

described in Chap~er 2 . 

Determination of Plasma Papaverine 

The determination of plasma papaverine concentration was performed 
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by Mead Johnson Labor atories (Sydney) using the method originally 

described by Axelr od et al . (1958) (Appendix). In summary, the 

technique i nvolves isolating the papaverine from blood plasma at an 

alkaline pH by extraction i nto n-heptane. The drug is then returned 

to 0 . 1 N HCl and assayed spectr ophotometrically at 251 and 266 mµ. 

Reading the opt i cal density at two wavelengths serves to eliminate 

the eff e c t s of i nterfering substances in plasma. Duplicate determin

ations of papaverine concentr ation were done ' blind' by the analyst 

on coded samples . 

RESULTS 

Acute Parenteral Adminis tration 

Effects of I .A. papaverine 

I . A. papaver i ne (0.25 - 2 mg/min) caused an increase in hand and 

fo r earm blood flow which was rapid in onset, achieved a maximum 

withi n one t o t wo mi nutes, and retur ned to resting flows equally 

rapidly when t he drug infusion ceased (e . g. Figs. 5.2 and 5.3) . The 

forear m vasodila tation was dose dependent, but that in the hand was 

not (TableA .9, Fi g . 5 . 4) . For the same dose of papaverine the per

centage increase i n F . B"F' was two to eight times greater than was 

the percent age i ncrease in H. B.F . 

In one subject , papaveri ne was infused during a reduction in 

hand blood f low caused by angiot ensin (0.1 mcg/min). Papaverine 

caused an i ncr ease i n blood f low to control levels, but there was a 
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Fig. 5.2 Changes in hand blood flow in one subject (A.W.) in response 

to I.A. papaverine (0.5, 1 and 2 mg/min). The percentages indicate 

increases in flow on the infused side after corrections for fluctuations 

in flow on the control side. 0 , uninjected control side; e , injected 

side. 
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Fig. 5.3 Changes in forearm blood flow in one subject (N.B.) in 

response to I.A. papaverine (0.25, 0.5 and 1 mg/min). The percentages 

indicate the increase in flow on the infused side after correction for 

fluctuations in flow on the control side. 0 , uninjected control 

side; • , injected side . 
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Fig. 5.4 Effect of I .A. papaverine on hand and forearm blood flow. 

Individual responses in five subjects to three or four doses. 

•,hand blood flow; • ,forearm blood flow. 
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Fig. 5 . 5 Ef fect of I.A. papaverine, 0.5 mg/min (between solid 

vertical lines), on hand blood flow during an I.A. infusion of 

angiotensin (between interrupted vertical lines) in one subject 

(A .W.). 0 , uninjected control side; e, injected side. 
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rapid reduction again when the papaverine infusion was terminated 

(Fig. 5. 5). 

Effects of I.V. papaverine 

Papaverine 1 to 1. 25 mg/kg (70 - 110 mg) was infused LV. into 

three subjects over seven to ten minutes and the effect on the R.R., 

blood pressure, H. B.F . and F. B.F. deter mined (e.g. Fig. 5,6). An 

increase in R. R. occurred in all three subjects (mean increase 12 

beats/min) within 2~ to 3 mi n of starting the infusion and returned 

to control values one to eight minutes after the inf usion had finished 

(Table 5 . 1) . During t he infusion of 1. 25 mg/kg in two subjects, 

occasional ectopic beats, which were not present during the control 

period, occurred but disappeared shortly after the end of t he 

infusion . 

During the papaverine infusion only one of the subjects had a 

fall i n M. A. P . (7 mm Hg, 8%) which returned to control levels within 

eight minutes of t he end of the infusion. An increase in F.B.F. 

(mean 39%) and a decrease in F.V.R . (mean 26%) occurred in all three 

subj ects during the infusion and returned to control values two to 

three minutes after the end of the infusion (Table 5.1). However, the 

effects of t he infusion on H.B . F . and H.V . R. were variable , and only 

one subject had a significant change which was a 31% fall in H.B.F. 

and a 34% rise in H.V.R. (Table 5.1) . In this subject the effects 

on hand vessels lasted only thr ee mi nutes af ter the end of the infusion. 
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Fig. 5.6 Effect of I.V. papaverine, 8 mg/min (between vertical lines), 

on the mean arterial pressure (M .A,P . ), heart rate (H.R,), hand blood 

flow (H .B.F.) and forearm blood flow (F ,B.F.) in one subject (M.H.) . 



Subject R.R. H.R. M.A. P. M.A . P, H.B.F . I H. B. F . H.V. R. H.V.R . F . B. F . F . B.F. F .V.R . F .V.R . 
and Dose beats / % mm Hg % ml/ 100 % units % ml /100 % uni ts % 
(mg/ kg) min Change Change ml/min Change Change ml /min Change Change 

S .M.R. B 60 109 I 8 . 8 15.5 1.3 91 167 0 

I 
- 33 33.5 61. 5 -34 .4 

(1) A 67 I 109 5 .9 20. 7 2 .1 59 .7 
I 

A. C. 60 90 
I 

8.0 10 2.3 36 B 16.7 1 - 7 . 8 5 3 .0 39 

I 
- 27. 8 

(1. 25) A 70 83 8 .4 10.3 3.2 27 

M.H. B 60 30 88 0 
16.4 I 5.5 

5.3 
- 5 . 7 

3.1 16 . 1 29 - 16 .2 
(1. 25) A 78 ~8 17 .3 5.0 3 .6 24 . 3 

' 
Mean 11. 7 19 .4 :-2 . 3 I - 2 . 6 I -o . 5 - 7 . 5 I 1. 7 10.3 0.7 38.9 - 15 .3 -26 .1 

Change 
:t 

S. E. 3 . 3 5 . 4 2 .3 2 . 6 1.2 12.8 1. 7 11. 9 0 .1 13.1 8. 1 5.3 

p >0.05 >0 . 3 >0.7 >0.3 <0. 05 >0.3 

Table 5.1 Effect of I .V. papaverine (1 or 1.25 mcg/kg) on heart rate (R.R.), mean arterial pressure (M .A.P . ), 

hand blood flow (H. B.F .) , calculated hand vascular resistance (H.V.R. ) , forearm blood flow (F . B. F.) and 

calculated forearm vascular resistance (F.V.R.) in three subjects. B, average of values in two minutes before 

papaverine; A, average of values in last two minutes of papaverine infus ion . (Student's paired t-t est . ) 
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Venous blood samples were collected intermittently before, during 

and af ter the papaverine infusions. Determinations on the contro l 

blank plasma samples taken before the infusions gave readings of 

0.02 t o 0.06 mcg/ml with a mean concentration of 0. 04 mcg/ml. The 

h i ghest measured values resulting from the infusions were 1. 16, 1 .83 

and 2 . 01 mcg/ml, and these occurred in samples taken 10, 3 and 12 

minutes, respectivel y , after the start of the infusion (Fig. 5. 7) . 

Af ter the i nfusion was stopped plasma concentration declined rapidly 

and final samples 20 to 38 minutes later were approximately half the 

peak concen trations . 

Chronic Oral Administration 

Plasma concentrations during non-sustained and sustained release 

tablets 

The non-s ustained release papaverine tablets were associated 

with greater fluc tuations in plasma papaverine levels , but the 

average concentration a chieved was higher than the average concen

t rat ion reached with the sustained release tablets (Fig . 5 . 8 and 

Table A.10) . However, with both preparations the plasma concentrati on 

was still showing an upward trend on the last day of intake. This 

was more marked with t he sustained release tablets. The highest 

measured papaverine concentrations during the intake of non-sustained 

release tablets were 0 .26 and 0.39 mcg/ml in the two subj ects , 

whereas with the sustained release papaverine they were 0.14 and 0.1 
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Fig. 5.7 Plasma papaverine concentrations in three subjects before, 

during and after an intravenous infusion of papaverine (1 or 1.25 

mg/kg). Open symbols, betore (control) and after the infusion; 

closed symbols, during the infusion. 
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Fig . 5.8 Means (± S,E,) of the plasm~ papaverine concentrations in two 

subjects on the second and third days of oral papaverine administration 

(150 mg 4 times daily). Samples taken one and four hours after the 

second dose on each day, Open bars, concentration during non-sustained 

release tablet intake; cross- hatched bars , concentration during 

sustained release tablet intake, 
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Fig. 5.9 Means (± S.E.) of plasma papaverine concentration during sustained release tablet 

intake. Closed symbols, concentration in four subjects taking 150 mg 12 hourly (1 week); 

open symbols, concentration in six subjects taking 150 mg four or five times daily (2 weeks). 



5 . 10 

mcg/ml, respectively. 

Effects of sustained reZease tablets, 150 mg twice daily (1 week) 
\ 

On a body weight basis, the pap~verine intake varied from 4.15 

to 5 . 1 mg/kg / day with a mean for the four subjects of 4.56 mg/kg/day. 

The mean control 'blank' plasma papaverine concentration was 0.05 

mcg/ml, and after seven days of papaverine dosage the concentration 

had risen significantly to a mean of 0. 13 mcg/ml (Table A.11 and Fig. 

5 . 9) . 

There was no consistent effect of this dose of papaverine on the 

resting H. R. , nor was there any consistent change in the pattern of 

the H.R. response t o the Valsalva manoeuvre, leg raising or head-up 

tilt (Table 5.2) . Two subjects had significantly greater resting 

H.B.F . (27 and 44%) during papaverine than in the control period, but 

the other two had minimal changes. All subjects had a greater fall in 

H.B.F . in response to the Valsalva manoeuvre while they were taking 

papaverine , but no consistent pat t ern of effe ct on the H.B.F . response 

to leg raising O! head-up tilting was found (Table 5.2). Resting 

F.B . F. during papaverin e varied from a fall of 35% to an increase of 

69% when compared to contro l flows. No consistent change in the 

pattern of the F . B.F . responses to t he three cardiovascular reflex 

tests was seen (Table 5 .2). 

Effects of sustained reZease tabZets, 150 mg, 4 or 5 x daiZy (2 weeks) 

Papaverine i ntake varied from 8 . 3 to 11 .8 mg/kg/day (mean 10.08 



R.R. io Increase in R. R. R.B.F. % Change in R.B.F. F.B .F. % Change in F.B.F . 
Subject beats v Leg Tilt 

ml/100 v Leg Tilt ml/100 v Leg Tilt /min Raise ml/ min Raise ml/min Raise 

B SS S6 26 42 7 . S - 67 - 43 - SS 1. 7 - 44 7 -22 

S.M .R. A - - - - 7 . 9 "...68 - 64 - 72 2 . 0 - 4 13 9 

A/B - - - - l. OS L Ol 1.49 1.31 1.18 0.09 1.86 -

B 70 45 - 23 l S . 5 - 7S - - 40 2 . 9 - 42 - -30 

R.L. R. A 69 53 24 27 14 .9 - 85 68 -27 2 . 9 - 44 91 - 14 
A/B 0.99 1.18 - 1.17 0.96 1. 13 - 0.68 0 l. OS - 0.47 

B 61 48 14 42 4 . 5 - Sl - 44 S6 1.6 - 33 57S 8 

D.V.D. A S2 58 28 33 5 .7 -67 - 44 52 2.S -ls 54 - 4 

A/B 0.84 1.21 2 . 0 0. 79 1.27 1.31 0 0 .93 l. S6 0 . 4S 0.09 -

B S5 64 18 76 5.4 -83 22 49 1. 7 -S3 S63 6 

J.R.M. A 63 37 6 42 7 .8 -98 41 8 1.1 -s 763 -8 

A/B 1.15 0.58 0.33 o.ss l.S6 1.18 1.86 0.16 0.65 0.09 1.36 -

Table S . 2 Effect of sustained release papaverine (l SO mg twice daily) on heart rate (R.R. ), hand blood 

flow (H . B.F .) and forearm blood flow (F.B.F.), and on responses to the Valsalva manoeuvre (V), passive leg 

raise and 60° head- up tilt . Individual values in four subjects before papaverine (B) and after one week 

of papaverine (A); A/B, potentiation of effects by papaverine . 
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mg/kg/day), The papaverine concentrations measured in venous samples 

taken from all six subjects at various intervals before and during 

papaverine are given in Table A.12. One subject (D.M.B.), taking a 

dose of 11 .8 mg/kg /day , withdrew from the study after seven days 

because excessive sleep requirements, apparently induced by the drug, 

interfered with her work. No particular drowsiness occurred during 

the day, but she slept 2 to 3 hours longer than usual during the 

night and required more than the usual stimulus to waken her. The 

blood sample taken three hours after her last tablet had a papaverine 

concentration of 0 . 49 mcg/ml, which is more than double that measured 

in any of the o ther subjects . Her sleep needs rapidly returned to 

normal after papaverine i ntake ceased . The mean plasma concentration 

of papaveri ne in the other five subjects was not significantly higher 

after 14 days treatment than after seven days (Fig. 5.9), nor was 

there any significant dlf ference in the mean concentrations at one 

week between papaverine 150 mg taken twelve hourly or four to five 

times daily (Fig . 5 . 9) . 

The c ircul a t ory effects of papaverine were measured i n only three 

of the six subjec ts . All three showed a fall in t he resting F.B .F. 

(4, SO and 62%), though the effect was variable and significant in 

only two. The responses of the forearm vessels to mental arithmetic 

and the Valsalva manoeuvre were not consistently altered by chronic 

papaverine; i n two subjects the reflex responses were impaired, 



Mental Ar ithmetic Valsalva Manoeuvre 
Subject % Increase i n F . B.F. % Fall i n F. B. F. 

B A A/B B A A/B 

J . N.Mc . 185 112 0 . 67 30 16 0 . 53 

N.W. 248 130 0 .52 54 43 0 . 80 

B.J.D . 32 55 1. 72 26 59 2 . 27 

Table 5 . 3 Effect of sustai ned release papaver ine (150 mg 4 or 5 times 

daily) on the forearm blood flow response to mental arithmetic and the 

Valsalva manoeuvre in three sub jects. B, before papaverine; A, after 

2 weeks of papaverine; A/B, potentiation of effects by papaverine. 
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while i n the third they were enhanced (Table 5.3) . 

One subject (B .A.G. ), taki ng 150 mg f our times daily (10.5 mg/kg / 

day) for 14 days, commented that he had no mi graine attacks during 

the period on papaverine and for two weeks thereaf ter . Previously, 

and subsequent ly, migraine headaches occurred at intervals of about 

10 days . The plasma concentr at ions i n this subject were between 0.19 

and 0 ,21 mcg /ml during papaver ine t herapy. 

One subject (S .M.R. ) was given papaverine (I .V. and oral) on 

several occasions sepacated by intervals of f rom 2 weeks to five 

months and, despite an increase i n the dose, each administration wa s 

accompanied by lower plasma papaverine concentrations. Thus concen

trations ducing 150 mg t wice daily (Table A. 11) wer e considerably 

higher than t hose measured on a later occasion when 150 mg four times 

daily was being taken (Table A. 12). 

DISCUSSION 

Aaute Papaverine 

The intra- arterial i nfusions confirmed that papaverine dilates 

normal and constricted human vessels , t hough t he effects onl y last ed 

for t he duration of the infusion . Increasing the dose did cause a 

grea ter dilat ation of f or earm vesselsJ but the duration of effec t was 

not prol onged . Local infusions are t herefore l ikely to be useful only 

i n condit ions where the vasoconstriction l s brief , e.g. t he spasm 

res ul ting f r om surgical handli ng, though direct application to the 
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external surface of a vessel may have a more prolonged effect . The 

effects on forearm blood flow were greater and mor e consistent than 

those on hand blood flow, which may indi cate a greater effect on 

muscle than skin vessels. However, it is also possible that the 

difference mer ely results from a difference in the concentration of 

papaverine r eaching the vessels of the two segments of the arm . 

The patients in whom Gray et aZ . (1945) had noted the arrhythmic 

effects of papaver i ne (65 mg I .V. ) were all being treated for angina 

pectoris and might be expec ted to be more sensitive to drugs ca pable 

of aff ect ing car diac r hythm. However, the occurrence of ectopic beats 

in the t wo subjects given 1.25 mg/min in the present study shows that 

cardiac arrhythmias can be produced i n young heal thy men. The other 

cardiovas cular effec~s of note, name ly a 19% increase in R.R. and 39% 

increase in F. B. F., were also of short duration . These were recorded 

at a time when the plasma concentr ati on was approxi ma tely 1. 2 mcg/ml. 

The fall i n plasma levels after the end of the infusi on was rapid 

and confi rms a f inding of a s i mi lar r apid decline af ter infusions of 

3 mg/kg (Axelr od et al . , 1958) . In the dog, papaverine (I.V.) is 

r ap i dly t aken up by t he liver and adipose t issue, where one hour after 

the infus i on concen trations are 3-4 times those i n pla sma and other 

tissues (Axelrod et al. , 1958) . There ar e no direct studi es of 

distribution in man, bu t Axelr od found tha t less than 1% of the 

unchanged drug appeared in the urine, indicating almost complete 
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degradation in the body. The human liver, l i ke that of the dog, may 

therefore concentrate papaverine and be partly or wholly responsible 

for the rapid fall in plasma concentration and consequently for the 

brevity of the cardiovascular effects after I.V. infusion. 

Chronia Papaverine 

The most notable findings in the chronic studies were the low 

plasma concentra~ions produced by the sustained release papaverine and 

the fail ure to demonstrate any marked cardiovascular effects. 

The doses of oral papaverine were 5 to 10 times the I.V . dose 

used and yet t he plasma concentrations were one-sixth to one- tenth 

those during I . V. papaverine . Using a non-sustained release prepar~ 

ation, Axelrod et al. (1958) showed t hat absorption f rom the human 

gastro- i ntestinal tract is rel ativel y rapid and essent ially complete, 

Absorption studies with the sus t ained r elease tablet have not been 

done, but it is possible that this tablet f ormulation results in more 

gradual , though l ess complete, absor ption of the papaverine. However, 

the main cause for the mar ked disparity in plasma levels after I.V. 

and oral administr ation probably r esults from hepatic removal of 

substantial amounts of papaverine from the portal circulation before 

it reaches t he sys t emic cir cui t . Even i f the papaverine from 

sustained release formulation was comple t ely absorbed, its slower rate 

of absorption would favour more effic i ent hepatic uptake. The role 

of the liver in determining the fate of oral papaverine in man needs 
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to be clarified, but the foregoing conjecture could explain the 

difference in plasma levels resulting from oral and I.V. routes of 

administration and from sustained and non-sustained release 

formulations. 

In the subject taking the largest dose of papaverine (11.8 mg/ 

kg/day), who withdrew from the study after one week, plasma concen

trations were more than double those i n the subject with the next 

highest levels . The concentrations were, in fact, similar to those 

reported by Axelrod et al. (1958) in two subjects taking 200 mg six 

hourly . However, there is no obvious explanation for the considerable 

difference from the other observations in the present study . The 

possibility of enzyme induction during prolonged use of papaverine is 

raised by the observation, in one subject, of a progressive decline in 

plasma concentrations with successive administrations. 

In view of these studies on plasma papaverine concentrations 

after different oral preparations and dose schedules, it is apparent 

that any future investigations of dose response relationshi ps should 

be based on plasma concentrations rather than t he orally administered 

dose . 

With respect to the cardiovascular measurements in the chronic 

studies, it mus t be no ted that it is difficult to be certain that 

baseline or resting measurements of circulatory variables obtained at 

intervals of one week or more represent a sufficiently similar 
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cardiovascular status for a valid comparison to be made . However, the 

experimental conditions were standardized as completely as possible 

and the assumption was made that any significant change was the 

result of the drug . 

Although the doses in the present study (300-750 mg daily) were 

simi lar to those used and recommended by previous workers (Stern, 1965, 

1966, 1967 ; Tibbs, 1969), there was no consistent increase in upper 

limb blood flow . In fact, with 600-750 mg/day a reduction in forearm 

blood flow was recorded in the t hree subjects tested. However, 

previous claims that chronic papaverine increased limb blood flow 

were based on indirect assessments, such as an improvement in the 

distance walked before the onset of claudication (Stern, 1965, 1967; 

Tibbs, 1969) . In a more recent trial, Bat terman, Jensen & Jensen 

(1970) found that chronic papaverine inc r eased digital pulse volume 

(measured plet hysmographically) in patients with rheumatoid arthritis, 

but decreased it in patients with osteoarthritis and in normal 

subjects . They attr ibuted this difference in effect t o the relief 

of digit al vasospasm, which occurs in r heumatoid patients but not in 

normal or osteoarthritic subjec ts . From t his evidence it can be 

tentatively concluded t hac chronic papaverine has significant effects 

only on vessels in spasm and that studies on its efficacy need to be 

conducted us ing patients with such pathophysiology . The observation 

made by one subjec t in the present study that during chronic papaverine 
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the incidence of migrainous headaches was markedly reduced is a 

further indication that papaverine is only likely to be of therapeutic 

benefit in patients with constricted or hyper-reactive vessels. 

Cardiovascular reflex responses were not consistently altered by 

chronic papaverine t ·reatment. This may be evidence that the drug is 

without effect on the autonomic nervous system and that side effects, 

such as postur al hypotension, are unlikely to be encountered during 

its therapeutic use. However, the production of unequivocal evidence 

that chronic papaverine does not affect cardiovascular reflexes must 

await studies in which a significant effect of the drug on the 

circulation of the subjects is present . 

SUMMARY 

Brachial artery infusions of papaverine caused vasodilatation in 

the hand and for earm and a similar, though less marked, effect in the 

forearm was obscl:"ved during intravenous infusion. Cardiac effects , 

manifested as an increase in heart rate and the occurrence of 

occasional ectopic beats, were also observed during I . V. infusions . 

The cardiovas~ular effects of acut e systemic administration of 

papaverine were brief, and the duration of this response correlated 

well with the plasma concentration which declined rapidly when the 

infusion was stopped . 

Chronic papaverine was administered to normal subjects as a 

sustained r elease tablet in two dose schedules . The plasma level at 
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t he end of a week with each of the dose levels was only about one

sixth of that associ a ted with vasodilator effects after intravenous 

administr ation. The lower dose did not consistently alter hand or 

for earm blood flow , though reflex vasoconstriction i n the hand caused 

by the Valsalva manoeuvre was potentiated. The higher dose consistently 

reduced forearm blood flow and reflex r esponses were not consistently 

changed . At neit her dose was there any correlation between plasma 

concentration and the cardiovascular effect in an individual subject, 

It is concluded t hat papaverine lacks significant vasodilator effects 

when given orally, even in doses five t o t en times those which cause 

vasodilatation and cardiac eff e cts when given intravenously . The 

failure t o attain adequate plasma concentr ations of the drug is the 

most probable cause for this finding . 



APPENDIX 

METHODS 

Venous Occlusion PlethysmogPaphy 

Assumptions 

There are three basic assumptions underlying the technique of 

venous occlusion plethysmography: 

1 . That the application of the pneumatic collecting cuff pressure 

does not affec t arterial pressure inflow; 

2. That complete venous occlusion is effected for long enough 

to measure flow; 

3. That the resulting venous distension and increase in pressure 

do not initially reduce the rate of arterial inflow . 

These assumpt i ons have all been criti cally examined by a number of 

investigators (e .g . Landowne & Katz , 1942; Wilki ns & Bradley, 1946; 

Greenfield & Patterson, 1954a; Formel & Doyle, 1957) ' who have shown 

that they are valid provided the technique is correct l y and meticu

lously applied . 

Apparatus 

A variety of recorders have been deve loped to measure the rate 

of increase i n limb vo lume . Two differ en t types were chosen for the 

present studies, viz . the water-filled plethysmograph with 

t emperature control described by Greenfield (1954) and the mercury

i n-r ubber strain gauge described by Whi tney (1953). 

The wat er- f illed ple thysmograph has some potential disadvantages 
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in that a hydrostatic pressure is imposed on the limb and large 

pressure changes may accompany the volume change . The effect of the 

latter is minimised by the wide bore chimney used in the Greenfield 

plethysmograph . Furthermore, Wallace (1958) showed that in the 

range of hydrostatic pressures encountered with the normal use of 

this instrument the recorded blood flow was not affected. The 

advantages clai med f or it are that because water is i ncompressible 

and has a small coeffic ient of thermal expansion, volume changes are 

rapidly and accuratel y reproduced by the recorder. Furthermore, the 

small coefficient of heat conduction of warer permits the maintenance 

of more stable ther mal conditions surr ounding the segment of the limb 

being observ ed. 

Theoretically, the rate of swell ing of the whole segment being 

observed should be measured . In t he case of the hand, this require

ment can be met since the plethysmograph will accommodate the whole 

hand and the venous occlusion cuff can be applied close to the 

apparatus (Fig. A. 1). However , in the case of the forearm, only a 

portion of the total segment can be enclosed (Fig . A.2). It is 

assumed that the collect ed blood causes the portion in the plethys

mograph t o swell in pr opor tion t o t he rate of i nflow wi thout signifi

cant displacement of tissue or body fluid from the plethysmograph. 

As long as the technique is used carefully the assumption is valid 

(Formel & Doyle , 1957). Grant & Pearson (1938) showed that venous 
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Fig, A.1 Diagrammatic representation of t he water- filled 

plethysmograph used for measurement of blood f low in the hand. 
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Fig. A.2 Diagrammatic representation of the water-filled · 

plethysmograph used for measurement of blood flow in the forearm. 
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filling of the enclosed portion of the forearm could be considerably 

influenced by venous return from the part lying distal to the 

plethysmograph. They therefor e i ntroduced the modif ication of 

applying an arterial occlusion cuff at the wrist to eliminate this 

source of error . Forearm blood flows have been found to be initially 

di sturbed by the arterial occlusion but usually become stable within 

one mi nute (Kersl ake, 1949) . Blood flow in the opposite hand will 

also be di sturbed by a sudden inflation of a wrist cuff, but the 

disturbance can be avoided by slow and even cuff inflation over ten 

seconds (Roddie, 1951). 

In some of ~he experiments during the papaverine studies, 

forear m blood flow was measured using the Whitney s t rain gauge. This 

measures t he relative change in circumference of the limb at a 

particular point . In order to relate changes in circumference to 

changes in limb volume, Whitney (1953) made the following assumptions: 

1. When a limb changes in volume, t here is no significant change in 

the dimension measured in the long axi s of the l i mb. 

2. The whole of t he volume change is absorbed i n corresponding 

changes of the transverse sectional area of the limb , 

3. At any particular level of the l i mb along its axis, the relat i ve 

change l n volume at t hat level will be equal to the relative 

change in the transver se sectional area at that level . 

4 . I f the t ransverse section is t r uly circular and if the shape 
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remains unaltered during expansion and contraction, the relative 

change in area dA/ A will be equal to twice the relative change 

in c i rcumference dC/C of the secti on for a small change in area. 

Geometrical considerations show that this relationship applies 

to sections of other shapes if the shape remains unal tered by expansion 

or contrac tion (Whitney, 1953, Appendix I) . Whitney concluded that 

on theoretical gr ounds i t was feasible to deduce relat ive changes in 

volume of a limb, dV/V, at a particular level along its axis from 

corresponding measur ements of the relative changes i n circumference , 

dC/C, of the limb at the same level, i . e . dV/V = 2 · dC/C. 

Use of t he slide caliper 

In order to obtain di rect readings of blood f low (ml/100 ml/min), 

the time base (Tx) setcing for the slide caliper has to be determined 

f or each f l ow record. I n the cas e of the water-fil led plethysmograph , 

this time bas e was Galculated us i ng the fo r mula given by Greenfield 

et al. (1963 ) : 

T x 

where T = -che distance in cm t ravelled by the recording paper x 

in x s econds 

T60 = the distance i n cm travelled by the recording paper 

i n 60 seconds 

h = che vercical defl ection of t he recorder writing 

poinc for a volume increment of one ml 
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V = the volume of the limb segment expressed in hundreds of ml, 

The formula was modified for determining t he time base in the 

case of Whitney stTain gauge flow readings: 

Tx = 
T

60 
• 200 

c . h' 

where 200 "' the factor required to convert dC/C to dV/V i n 

ml/ 100 ml / min 

h' ,,. the vertical deflection of the recorder writing 

point per unit s tretch of t he strain gauge 

c = the limb circumference at t he point of application 

of t he strain gauge i n cm. 

Duff 1 B 00Y'['{3.6t·fort 

Duff (1952) assumed that, except for the infused drug, conditions 

on the experimental side were the same as those on the control side . 

Since fl ows norma l ly exhibit paralli:l and approximately equal changes 

i n each l i mb (Cooper , Cr oss , Greenfield , Hamilton & Scarborough , 

1949; Grecniiel d & Patter son , 1954b) , a correction may be applied to 

derive an es t ima te of wha t t he flow on the infused side would have 

been in t he abs ence of the drug, 

Let A "' t he av el'age of 2 minutes r un- in i:or t he test limb 

blood flow 

a = t he. average of 2 mi nutes run-in for the control limb 

blood flow 
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b the average of the final 2 mi nutes of dr ug i nfusion for 

contro l limb f low 

B = Lhe actual average of the final 2 minutes of drug infusion 

for t he test limb flow 

E = the estimate of what t he test l i mb flow would have been 

during the experimencal per i od in t he absence of the drug 

then A/E = a/b, and E ~ A·b/a ; 

therefore t he effect of the drug on tes t l i mb blood flow 

expressed a& a percentage ~ (E-B) . 100/E. 

E-B, or 

The effect of t he I . A. needle or catheter and any local anaesthesia 

i s ignored i n t his correction and , short of placing a needle i n the 

brachial artery on t he control side t o i nfuse saline alone , no 

correction for such effects can be made, 

Duff deter mined the limits of error for t he correction h e appl i ed 

in nine subjects (includi ng four with bilateral sympathectomy of the 

upper limbs and one with unilateral sympath ectomy). In 36 comparisons 

of actual and estimated blood flow means, t he per cent. departure 

f r om t h e expec ced va lue of nil was f ound to hav e a standar d 

deviation of 12%. This was taken to be a valid expr ession of the 

S, D, of per cen c: o changes i n blood f low with which to determine t he 

significance of changes in blood flow . Thus changes i n blood f l ow 

during an infus ion of less than 25% were not regarded as significant . 

Greenfield & Patter son (1954b) tested, in two s ub j ects , the validity 
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of applying the correction when determining the effects of experimental 

procedures on the fot:"earm blood f low . No figures were given, but the 

variation about t he 100% equivalence line of corrected and measured 

flows shown in a graph was wide (approximately 25%). Changes i n 

F . B. F . should therefore also be regarded as being significant only 

when they exceed a 25% change as Duff showed for H. B.F . 

Histoahemistr·y 

The techni que for demons trating the site and density of the 

sympatheti~ nerves i n t he three isolated vessels used in t hese studies 

was based on t he his tochemical method of Falck (1962) as modified for 

the rabbit ear artery by Waterson & Smal e (1967) . In pr inc iple, 

this technique consists of freeze dr ying t he tissue, f ol lowed by 

exposur e t o formaldehyde gas to convert the catecholamines present 

to isoquinol ones . The t reated tissue i s then embedded in par affin wax 

and sec t ions cut and examined by fluorescence microscopy. 

After r emoval from the animal, vessels were placed in Krebs 

solution at room t emperature if histochemical preparation was to be 

done with i n half an hour, or kept at 4° C if preparat ion was delayed 

longer t han this . The first s tep was to quickly plunge the tissue 

into an acetone and dry ice mi xtur e to rapidly freeze it before 

transfer ·co t he pre-coo l ed fr eeze dr ying apparatus (Thermovac , Model 

F .D. / 3) . The freeze dt·y i ng con t inued for 16 to 20 hours at temper

atures ranging from -60° C to -40° C and at pressures of 15 to 40 
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microns of mercury . The exposure to formaldehyde gas then took place 

in a glass jar containi ng 5 gm of paraldehyde powder which had been 

stored over 34% v /v sulphuric acid at a r elat ive humidity of 70% for 

at least seven days (the paraformaldehyde was changed every two 

weeks) . This standardization of the paraformaldehyde powder for 

water content (Hamberger , Mal mfor s & Sachs, 1965) was essential if 

significant f luores cence due co for maldehyde trea tment was t o be seen. 

The glass jar was sealed and placed i n an oven a t 80° C for one hour, 

which was sufficient t ime f or t he development of the noradrenaline 

fluophore (Falck & Owman, 1965) . Following this phase, the vessels 

were vacuum infiltrated (water vacuum, using National Appliance 

Company cabinec) f or thirty minutes with paraff in at 65° C. They 

were t h en emb edded i n paraffin wax, and subsequent ly tissue sections 

of 7 microns t hickness were cuL by means o f a Lei tz model 1212 

microtome and mounted i n an Entallan ond xylol mixture. Tissue 

sections were examined and photographed t hrough a Leitz Ortholux 

microscope with a dcy dark field condens er. Fluorescence was obtained 

by means of an HBO 200 W mercur y vapour l amp , using a 3 mm Schott 

BG 12 exc itation filter and a SlO mill imicron barrier f i lter. A 

Leica camera, wit h microscope and exposure meter at tachments , was 

used to pho tograph t he s ec t ions on Kcdak Photoflure fi l m at exposures 

of 5 to 10 s ecands and develc ped in Ilford I .D. 2 developer . 
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Rat Tait Blood PPessure 

The method us ed was s imila'f'.· t o t ha t described by Lucas (1971). 

An appropr iate s i zed cuf f is appl i ed t o the base of the r a t 's tai l and 

inflated above systolic blood pressure. The volume of t he tail distal 

t o the cuff is measured plethysmographicall y , and a s t he cuff pr essur e 

i s slowly r eleased, tail volume will i ncrease suddenly at about mean 

arterial pressur e. Two modific.at i ons of t he t echnique were i n tro

duced : (a) a mercur y-in-r ubber s t rain gauge (single strand) was used 

to sense the vo l ume change in t he tail ins t ead of a wa t er- fil led 

plethysmogr aph; and (b) che consci ous animal was res t rained in a 

warmed pers pex cyl i nder (Gooden, 1971) . Cuff pressure was measur ed 

with a Statham pr essure t ransducer (P23 DC), and the outputs of the 

transducer a nd t he .:; t rain gauge were recorded by a Rikadenki pen 

writ ing racor der. 

Plasma PapavePina Assay 

Blood sampling 

A 15-20 ml sampl e of venous blood was taken i n a sterile syringe . 

The sample was t hen trans ferred to a cooled tube containing 0 ,2 ml of 

oxal ic acid (7. 5%) and centrifuged at 10, 000 c . p .m. for 20 min . 

Clear plasma (7-10 ml) Weis pi petted of f into a s crew capped botcle and 

stored at -20° C until air freighted t o Mead Johnson (Pty Ltd ) 

Laborator i es , Sydney . The plasma s ampl es wecE usually still frozen 

upon arri val at the laborator i es . 
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Analytical procedure 

Five ml of plasma were added to 5 ml of N/5 NaOH solution in a 

150 ml separating funnel. To this 25 ml of n-heptane-iso-amyl alcohol 

was added and shaken for 15 mi nutes. After removing the aqueous 

layer, the solvent layer was transferred to a stoppered 50 ml tube 

for centrifuging at 4,000 r.p.m . f or 5 minutes, then 20 ml of the 

centrifuged solvent l ayer was transferred to a dry 150 ml separating 

funnel . After addition of 1 ml N/10 hydrochloric acid, the funnel 

was shaken for 5 minutes. When the aqueous layer was perfectly clear, 

this was run into dry matched spectrophotometric cells (Beckman 

spectrophotomet er) and the extinction read at 251 mµ and 266 mµ 

us i ng N/10 HCl as blank . 

At t he same time, a standard solution containing 1.8 mcg was run 

through the same pr ocedure . The papav erine content in the plasma 

sample was calculated in mcg/ml. using the fo rmula: 

E 251 - E 266 20 25 1 
----:-~~~--,,.--~ x l 8 x x ~ x ~~~~~~~-
E' 25 l - E'266 · aliquot solvent used 20 mls serum used 

where E = extinction of s ample 

E' = extinc tion of standard 

Recovery percentages deter mined for 1.6-1. 8 mcg papaverine/ml were 

95-100% . Plasma le'll'els are quoted wit hout correction for recovery 

percentages . The lower limit of sensitiv ity of t he assay is approxi-

mately 0 . 05 mcg/ ml and accuracy of determinations woul d fall away 

sharply below that value . 
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DRUGS AND SOLUTIONS 

Concentrations of 1-noradrenaline are expressed in terms of the 

base; those of clonidine hydrochloride, his t amine acid phosphate, 

phentolamine methanesulphonate, cocaine hydrochloride and methoxamine 

hydroc hloride are expressed in terms of the salts; those of potassium 

in terms of Lhe ion . 

The various drugs used were : 

Angiotensin amide (Ciba) 

Clonidine hydcochloride (Boehringer Ingelheim) 

Cocaine hydrochloride (MacFarlane. Smith) 

Guanethidine sulphate (Cib a) 

Histamine acid phosphate (Koch-Light) 

Methoxamine hydrochlo r ide (Burroughs Wellcome) 

Noradr enaline bitar t rate monohydrate (Koch-Light, animal 

experiments; Winthrop, human experiments) 

Papaverine hydrochloride (sol ution for i njection, Knoll; non

sustained release tablet s , Et hnor; sustained release 

tablets, Mead Johnson) 

Phenoxyb enzamine hydrochl.:>cide (Smith, Kline & French) 

Phentolamine met:hane sulphona·ce (Regitine, Ciba) 

Reserpine (Serpasil , Ciba) 

Reserpine placeb0 (Serpasil placebo, Ciba) 

Krebs solut ion was made up with t he fo llowi ng composition in mM : 
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NaCl 118, KCl 4.7, KH2Po4 1. 2 , NaHC03 25, glucose 5.6, CaC12 2.5 and 

MgC12 1.0 . 

1. Mean 

Arithmetic: x = Ex 
n 

STATISTICAL METHODS 

where x = mean (arithmetic ) 

x = i ndividual measurement or item 

n = number of individual measurements or items 

Geometric : log x is substituted for x and the antilog of t he 

mean is t he geometric mean 

2 . Standard deviation 

S. D. = Jr.(~=~) 2 
3 . Standard error of the mean 

rcx-x) 2 

n(n-1) 

4. Student unpaired t-Tes t of Significance 

where 

t = 

xl -;: 

x 2 = 

xl - x2 

s2 s2 -+
n1 n2 

mean of one 

(n1 + n2) - 2 degrees of freedom 

series of observations 

mean of second series of observations 

nl = number of it.ems in first series 

n2 = number of items i n second seri es 

s = standard deviat ion of total sample 
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5. Student paired t-Test of Significance 

t = _x_ / n-1 
S.D. n-1 degrees of freedom 

wher e x = mean of the differences between paired 

observations 

S.D. = the standard deviation of pair differences 

n = the number of pairs 



CLONIDINE 250 ng/min 
Infused side Control side Duff % 

Subject Run-in Final Ruh-in Fi nal correction E-B E-B/E 
A B a b A.b/a=E 

D. K. B. 13 . 5 . 2 .o 19.5 17.6 12 . 2 10 . 2 84 

P.Mc . 5.5 . 3 .o 3.7 .3. 3 4.9 1. 9 38 

J .s . c . 7.9 5.1 12.8 11.6 7.2 2.1 28 

P.S . 6.8 1. 7 6 . 8 4.8 4 . 8 3.1 64 . 
J.O . i 2 . 0 2 . 2 7.7 11.4 3.0 0.8 25 

D.B . I 8 . 0 5 . 1 6 .4 7 . 7 9.6 . 4.5 47 ., 

Mean I 7 . 3 3.2 7. 0 48 

± S. E. I 1. 5 0 .6 1.4 9.3 

A - B E - B p >0 .1 <0.05 

CLONID IN E 50 0 ng/min 

D.K.B . 10 . 2 1.1 
( 

12 .3 15.4 12.8 11. 7 92 

P .Mc . 4.6 2.6 3. 0 6.6 10.1 7.5 75 

J . S.C . 6.3 I 3.1 10. 7 9 . 5 5.6 2.5 44 
I 

12 . 8 
I 

1.6 10.0 9.9 . 8.3 84 B.G . l 7 . 7 
I 

T.R . 
. 

5.7 
I 

3 . 8 I . 8.8 9 . 1 5 . 9 2.1 38 

i · I 
Mean 7 . 9 I 2.4 8 . 9 67 

i. I 
± S.E. I 1.5 I 0 . 5 I 1.4 10.8 

i I I 
I ' 
I A - B E - B p I <0 .05 <0.05 
! 

Table A. l (a) Effect of I.A . cl on idine (250 and 500 ng/min) on hand blood 
I 

flow (ml/100 ml/min) i n eight subjects. Individual f lows on control and 
' 

infused sides , before (a & A) and after (b & B) clonidine. E, corrected 

f low on i nf used side . E-B, effect of drug on injected side (ml/100 ml/ 

mi n); . (E-B)/E, percentage effe.ct of drug. (Student' s unpaired t-test . ) 



CLONIDINE 250 ng/min 
I nf used side Control side Duff % 

Run-in I Final Run-in Final correction E-B E-B/E 
A B a b A.b/a=E 

G.M . 3.1 1.0 2.4 2.3 3.0 2.0 67 

R.S. 2.5 1.4 2,8 2.5 2 . 2 0.8 34 

F .G. 3 . 1 1.1 2.7 2.9 3 .3 2.2 67 

J.C . 2.8 1.9 2.0 1.9 2.7 0.8 27 

R.Mc. 1.8 1.1 2 . 2 1.6 1.3 0.2 19 

P.F . 3 . 1 1. 5 2 . 3 2.7 3.6 2.1 59 

Mean 2 . 7 1. 3 2.7 46 

± S. E. 0 . 2 0 . 1 0.3 9 

A - B E - B 
p <0 . 01 <0 .02 

~ 

CLONIDINE 125 ng/min 

G. M. 3 . 7 2 . 0 3 . 1 3.0 3.5 1.5 43 ' 

R.S. 2 . 9 2.5 3.2 3 . 2 2.9 0 . 4 17 

Table A. 1 (b) Ef fect of I .A. clonidine (125 and 250 ng/mi n) on forearm 

blood flow (ml /100 ml/min) in six subjects . Notation as given for 

Table A.l (a) . 



HAND BLOOD FLOW (ml /lOOml/min) FOREARM BLOOD FLOW (ml/lOOml/min) 
250 ng /min 500 ng/ min 500 ng/min 

Subject Run- in i Final Diff . 
Subject 

Run- in Final Diff. Subject Run- in Final Diff . 
A , B A-B A B A-B A B A- B 

J,s .c. 10.6 10 . 8 - 0.2 J.S . C. 
I 
I 
I 

9, 4 9.9 - 0 . 5 J .C, 7 .3 7 .5 -0 .2 

P.S , 12.3 I 11. 7 0 , 6 P.Mc. 14. 2 14.s I - o . 6 R,Mc . 4 . 5 4.2 0 . 3 

I 
J.O . 21.3 24 .8 - 3.5 LR. I 9 . 1 12 . 4 - 3. 3 P . F . 9.9 8 . 6 1.3 

Mean 14 .7 15 . 8 - 1. 0 Mean 10 . 9 12 . 4 - LS Mean 7. 2 6 . 8 0.3 

± S. E. 3.3 4 . 5 l.3 :! S. E. 1. 7 1.4 0.9 ± S. E. L6 1.3 0 ,4 

p >0 .5 p >0 . 1 p >0 .4 
! 

Table A.2 Effect of adr energic alpha receptor blockade on the respons e of hand and forearm blood flow 

(ml /100 ml / min) to I .A. clonidine (250 and 500 ng /min). Individual flows in eight subj ects before (A) 

and after (B) clonidine in t he injected limb. (Student's paired t - test . ) 



Control Maximum value Minimum value 
after clonidine after clonidine Subjec t value Absolute % of Time Absolute % of Time (units) (units) control (min) (units) control (min) 

S .M .R. 13. 4 20 +49 2~ 6.9 -49 25 

J .A.D. 16 . 2 32 . 4 +100 8 10 -38 41 

N. C. 5 . 0 10 . 9 +118 8 5.3 +6 27 

G.G. 6 . 1 20 . 5 +236 4 7.7 +26 25 

Table A. 3 Effec t of I .V. clonidine, 150 mc g, on calculated hand 

vascular r es i s t ance in four subjects. Absolute and percentage changes 

at t i mes when the b i phasic effects were maximum are shown . 



i M.A.P. R.R . H.V.R. 
LV . Absolute Percentage Absolute Percentage Absolute Percentage 

Subject Noradren- Rise Rise Fall Fall Rise Rise 
aline (mm Hg) (beats/min) (Units) 

(mcg/min) I B A B A B A B A B A B A 

S .M.R. 5 9 19 11. 7 30 - 9 - 16 14 . 7 25 .4 16 16 .5 146 209 

10 14 19 19 28.4 - 10 - 22 17 . 2 34 . 4 20 24 . 5 383 355 

J .A.D. 2.5 6 7 7 10 - 11 - 15 15.5 20.8 21 11.5 96 114 

5 11 9 13.5 12 - 15 - 20 21.2 28.6 36.5 23.5 168 171 

N .C ·-. ~ 
5 12 27 16 . 5 42 - 15 - 12 22 . 4 19 1 5 18 65 -

10 29 32 40 47 - 16 - 18 25 27 . 2 1.5 8 39 147 

G.G. 5 6 21 7.6 29 . 2 - 13 - 17 18.9 25 5 .5 8 62 82 

10 15 26 18 . 5 36 - 16 - 23 22.8 32 5 61 55 790 

Table A.4 Effect of I.V . noradrenaline in two doses on mean arterial pr essure (M.A.P . ), heart 

rate (H.R.) and calculated hand vascular res istance (H.V.R.) be fore (B) and after (A) I.V. 

clonidine, 150 mcg, in 4 subject s. 



MnA.P . R.R. H.Vc Rc 
I.V . Absolm.e Percentage Absolute Percent age Absolute Percentage 

Subjecc Nor ad.ten- Rise Rise Fall Fall Rise Rise 
aline (mm Hg) (beats / min) (Units ) 

(mcg/ min) c T c T c I c T c T c T 

1.25 5 . 5 I 4. 7 - 2 2 . 9 1.1 12 

K.D. 2. 5 5 . 5 10 4.3 11 - 8 - 5 8 . 4 7.1 1.9 3 . 3 23 37 

5 . 0 14 21 10 18 .5 - 14 - 7 14 . 1 10.l 7.2 10.2 130 109 

10.0 20 13 .3 -22 23 .1 6.2 83 

1. 25 7 20 4.4 14. 3 - 10 - 6 8.5 11. 7 0 . 6 6 .6 7 30 

D.F.A. 2.5 20 31 12.3 22.7 -14 - 12 12 . 5 21.4 3 . 8 12 . 5 44 45 

5.0 25 14.7 - 26 24.5 7.1 56 
I 

Table A. 5 Effect of I.V. noradrenaline in two or three doses on mean arterial pressure (M.A.P.), 

heart rate (R.R. ) and calculated hand vascular resistance (H.V.R.) before (C) and during (T) 

clonidine treatment in two patients . 



Art~ry Strips Vein Segments 
Concentration 5 Control 7 Treated 5 Cont rol 8 Treated 

M . Lil mm % Lil mm % 
C. T c T c T c T 

Noradrenal i ne 

5 . 9lx10 -8 0 . 017 0.097:/: 3 11f 

5 . 9lxl0 -7 0.25 0 . 47 * 40 * 51 0.23 0 .39 14 22 

5 . 91xl0 -6 0 . 52 0 . 78 84 86 0.96 1. 38 56 67 

5.9 1xl0 -5 0 . 61 0.89 100 99 1.65 2.07 99 100 

Methoxamine 

4.04x10 -7 0.18 0.1 10 6 

4 . 04x10 -6 0.21 0.25 37 38 0.29 0 . 84 30 46 

4 . 04xl0 -5 0 . 51 0 . 58 90 93 1. 35 1. 79 99 95 

4 . 04x10 -4 0 .57 0.62 100 100 1.39 1.88 96 
)'( 

99 

KCl 

2xlo-2 
0.2 0. 24 15 16 

3xl0-2 
0.46 0.58 37 42 

4xl0-2 
0.029 0 .034 0 . 85 1.10 70 79 

5xl0-2 
0 . 063 0.085 24 36 0.98 1. 27 82 90 

6xl0-2 0 . 12 0 . 13 48 58 1.07 1. 41 89 95f 

7xl0-2 0 . 17 0 .17 67 75 1.16 1. 46 96 99:j: 

8xl0-2 0.20 0 . 20 81 87 1.28 1.53 99 100 

9xl0-2 0 . 22 0 .22 91 95 1.26 1. 63 100 99 
10-l 0 . 24 0 .22 100 100 1.26 1.62 100 99 

Table A. 6 Effect of reserpine pretreatment of rats on the absolute 

(Lil, mm) and percentage (%) contraction of tail artery strips and portal 

vein segment s to noradrenaline, rnethoxamine and KCl. C, mean responses 

in control preparations; T, mean responses in treated preparations. 

Student' s unpaired t-test; :!:, p<0 . 001; f, p<0.01; :/:, p<0.02; *, p<O ,O~. 



Artery Strips Vein Segments 
Concentration 3 Control 3 Treated 5 Control 5 Treated 

M -- b.l _mm % b.l mm % 
c T c T c T c T 

Noradrenaline 
-8 

I 

5.9lxl0 0 .055 0.019 6 5 . 
5.91xl0 -7 0.26 0.11 37 40 0.18 0.41 10 18 

5.9lxl0 -6 0 . 56 0.24 83 90 1.09 1.96# 64 83 

5.9lxl0 -5 0 . 67 0.28 99 100 1.64 2.351 99 100 

5 .9 lx10 -4 0.67 0.28 100 100 1.55 2.09 94 88 

Methoxamine 

4 . 04x10 - 7 0.015 0.03 1 1 

4.04x10 -6 0.42 o.12f 46 40 * 0.69 1.23 45 57 

4 . 04x10 -5 0 . 80 0.27 90 88 1.39 2.09f 92 96 

4.04x10 -4 0.92 0.30 100 100 1.50 2.1/ 100 99 

KCl 

2xl0-2 I 

0.03 0.07 3 4 

3xl0-2 0 . 2 0.34 16 19 

4xl0-2 
0.03 0.22 6 12 0.69 1.12 51 57 

5xl0-2 
0 .15 0 . 064 35 38 1.02 1.61 * 74 82 

6xlo-2 * 0.28 0.095 60 61 1.13 1. 76 82 89 

7xl0-2 0.33 0.12 79 76 * 1.24 1. 91 * 91 96 

8xl0-2 * 1( 
0.41 0 . 14 89 85 1. 31 1.98 96 99 

9xl0-2 * 1001 · 0.43 0 . 15 96 93 1.34 1.99 99 
10-1 0 . 44 0 .16 100 100 1.35 1.99 * 100 100 

--

Table A. 7 Effect of guanethidine pretreatment of rats on the absolute 

(b.l, mm) and percentage (%) contraction of tail artery strips and portal 

vein segments to noradrenaline, methoxamine and KCl. Notation as given 

for Table A.6 . 



Artery Strips Vein Segments 
Concentration 6 Control 6 Treated 6 Control 5 Treated 

M ~l mm % ~l mm % 
c T c T c T c T 

Noradrenaline 

5 .91x10 -8 0.007 0 .024 3 3 

5 . 91x10 -7 0.1 0.21 30 33 0.14 0.29 9 23 

5 .9 1x10 -6 0 . 23 0.4 75 76 1.02 1.08 64 78 

5.9lxl0 -5 0.30 0.5 100 99 1.45 1.32 95 99 

5.9lxl0 -4 0.30 0.5~ 100 100 1.44 1. 27 96 96 

Methoxamine 

4 .04xl0 -6 0 . 12 0 . 17 47 42 0.25 0.29 22 48 

4.04x10 - 5 0.23 0 . 30 82 83 1.16 1.07 94 92 

4.04x10 -4 0.27 0 . 33 100 100 1.30 1.14 99 97 

KCl 

2xl0-2 0.04 0 . 05 4 7 

3xl0-2 0.30 0 . 25 32 29 

4xl0-2 0 . 007 0 .02 0.58 0.59 58 57 

5xl0-2 
0 . 02 0.05 25 29 0.95 0.81 84 78 

6xl0-2 0 . 05 0.10 60 67 1.16 1.04 88 88 

7x l0- 2 0 . 08 0.12 85 83 1. 22 1.11 93 94 

8xl0-2 0 . 09 0 .14 94 93 1.28 1.15 97 99 

9xl0-2 0.09 0 .17 97 98 
10-l 0 . 1 0.16 98 99 

Table A. 8 Effect of clonidine pretreatment of rats on the absolute 

(~l, mm) and percentage (%) contraction of tail artery strips and portal 

vein segments to noradrenaline, methoxamine and KCl. Notation as given 

for Table A. 6 . 



For earm Blood Flow Hand Blood Flow 
Subject % Increase Subj ect % Increase 

Dose mg / mi n Dose mg/min 
0 . 25 0 . 5 1 0.2 0. 25 0.4 0 .5 1.0 2 .0 

G.M. 322 M.W. 34 48 67 

0.L. 80 125 240 A.W . 55 48 146 86 

N.B. 97 133 255 D.M. 42 2 87 51 

Table A. 9 Effect of I .A. papaverine on hand and for earm blood flow (percentage) in six subjects . 



PLASMA PAPAVERINE CONCENTRATION (mcg/ml) 
Subject 

I Con:rol 

Non - Sustained Release Tablet Sustained Release Tablet 
and Dose Second Day Third Day Second Day Third Day 

(mg / kg/day) 1 Hour i 4 Hours 1 Hour ! 4 Hours 1 Hour I 4 Hours ! 1 Hour 4 Hours 
B C D .E F G H I 

! I I ' i j I 0.045 0 . 074 S.M.R. I 0 i 0 . 050 I 0.089 0.267 0 .075 l 0.065 0.155 
I 

i I I 
(8 .3) i 0 ! 0.105 ! 0.083 0 . 242 0.071 - 0 . 058 I 0 . 064 0 . 117 

i i I I I ; 
I I 

! l 
I ! I I 0.073 I i i R. L.H . 

I 

0.013 0 . 223 0.385 0.027 I 0.013 0.058 0 . 085 ' I 0.041 
I i f . I ! 
I (9.4) : 0 0.219 ! 0 . 047 - 0.075 0 . 030 0.022 0.059 0.114 

l I 
; 

I 
! I l 

Mean 

I 
0 . 003 0.149 0.067 . 0.298 0.074 0.034 0.040 0.064 0. 118 

± 
S. E. I 0 . 003 0 .043 0 .011 0.044 0.001 0.006 0 . 013 0.004 0.029 

N.S. vs S . B > F C > G D > H E < I 

p >0.05 >0.1 <0.01 <0.05 

Table A.10 Duplicate plasma papaverine concentration determinations in two subjects on the second and 

third days of papaverine administration (150 mg 4 times daily) . Samples taken one and four hours after the 

second dose on each day . B to E, concentrations during non-sustained release tablet intake; F to I, 

concentrations during sustained release tablet intake. (Student's unpaired t - test.) 



Dose Plasma Papaverine 
Subject mg/kg/day Concentration (mcg/ml) 

Control Mid- Week Week 

S.M.R . 4.15 
0 . 06 0.06 0 . 10 
0.06 0 . 15 0.28 

R.L. H. 4.7 0 . 12 0.08 0 
0 . 07 0.08 0 . 16 

D.V , D. 5.1 0 . 02 0.07 0 . 11 
0 0.05 0 . 16 

J .R.M. 4.3 0 . 06 0.05 0.13 
0 . 04 - 0.07 

Mean 4.56 0 . 05 0.08 0.13 
± 

S.E . 0. 21 0 . 013 0 . 013 0 .029 

p >0 . 2 <0.05 

Table A.11 Duplicate plasma papaverine concentration determina tions 

in four subjects on the 4th and 7th days of sustained release papaverine 

adminis tration (150 mg 12 hourly) . Samples taken at approximately the 

same time of the day . (Student ' s unpai red t-test.) 



Dose Plasma Papave rine 
Subject mg/kg/day Con centrat io n (mcg /ml) 

Control 1 Week 2 Weeks 3 Weeks 

S.M.R . 8 . 3 0 .009 0.033 0.060 0.047 
0 0.029 0.076 0.048 

B .A.G . 10.5 
0.008 0.210 0.186 
0 0.209 0.20 1 

D .M. B. 11.8 0.006 0.507 
0.005 0,466 

J .N .Mc . 9.5 0 . 014 0.131 0.230 
0 0.156 0.071 

N.W. 10.6 0.039 0.154 0 .186 
- 0 . 154 0.201 

B.J .D. 9.8 0.009 0 . 162 0 . 148 
0 .0 14 0 .151 0 . 136 

Mean of all 10 . 08 0 . 009 0 . 197 0 . 150 
± 

S.E. 0 . 48 0.003 0 . 041 0 .019 

Mean (- D.M.B. ) 9 . 74 0 . 010 0.139 0.150 
± 

S.E . 0.42 0.004 0 . 020 0.019 

Table A. 12 Duplicate plasma papaverine concentration determinations 

i n s ix subjects during sustained release papaverine intake (150 mg 4 or 

5 times daily) . Mean(± S.E.) values of all subjects and also those 

excludi ng subjec t D.M . B. are shown. Concentr ations at 1 and 2 weeks 

were significant ly greater than control (p<0 . 001) with and without 

values for D.M. B. There was no significant difference between concen

trations a t one and t wo weeks. (Student's unpaired t-test.) 
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