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THE EFFECT OF
ERGOTAMINE ON TISSUE BLOOD
FLOW AND THE ARTERIOVENOUS SHUNTING
OF RADIOACTIVE MICROSPHERES IN THE HEAD

BARBARA M. JOHNSTON1 & P.R. SAXENA
Department of Pharmacology, Erasmus University Medical School, Rotterdam, The Netherlands

1 The radioactive microsphere method was used to study the effects of ergotamine (5, 10 and
20 gg/kg, i.v.) on systemic and regional haemodynamic variables in chloralose-urethane anaesthe-
tized cats. The influence of the drug was also studied on the number of 15 jm microspheres escaping
entrapment in the head to emerge in the left external jugular vein.
2 Ergotamine decreased the heart rate and cardiac output. Since arterial blood pressure remained
unchanged, calculated total peripheral resistance increased.
3 The regional distribution of cardiac output obtained with 15 jm microspheres agreed well with
previous studies in cats where 25 jim spheres were used. The most pronounced difference was that
in the present investigation more microspheres, apparently escaping through arteriovenous anasto-
moses (AVAs), were detected in the lungs than when larger spheres had been used.
4 Coronary blood flow decreased, while uterine blood flow was increased by the drug. The micro-
sphere content of the lungs, which receive the spheres not only via bronchial arteries but also
via AVAs, was greatly reduced by all doses of ergotamine. Ergotamine did not influence tissue
blood flow to other major organs such as the brain, kidneys, skin, liver, skeletal muscle or the
gastrointestinal tract.
5 In the 16 experiments, 0.46 + 0.05 (s.e. mean) % of the total microspheres injected (equivalent
to 11.7 + 1.4% of microspheres detected in the left-side of the head) appeared within 2 min of micro-
sphere injection into the left external jugular vein. The highest dose of ergotamine significantly
reduced the shunting of the microspheres in the head.
6 Since 15 jm microspheres are only likely to reach the lungs by passing into the venous circulation
through large glomus-type AVAs, we conclude that ergotamine reduces the fraction of microspheres
appearing in the lungs by causing strong vasoconstriction in the AVAs in the head.
7 In conformity with the closure of head AVAs is the finding that ergotamine reduced the jugular
venous Po2 and 02 saturation thereby increasing the A-V 02 saturation difference.
8 It is quite possible that decreased A-V shunting may be the prominent mechanism of the anti-
migraine action of the drug, since sudden opening of AVA's has been implicated in the pathophysio-
logy of migraine-syndrome.

Introduction

Ergotamine has long been the drug of choice for the turbances. This is followed by usually unilateral head-
treatment of acute attacks of migraine. However, its ache, probably caused by vasodilatation of the carotid
mechanism of action, like the pathophysiology of the artery, particularly the extracerebral branches of the
migraine syndrome itself, is not completely under- external carotid artery (Dalessio, 1972). It has further
stood. Classical migraine is characterized by an initial been suggested (Heyck, 1958; 1969; Rowbotham &
prodromal phase in which there is cerebral vasocon- Little, 1965) that migraine attacks may result from
striction which gives rise to non-painful sensory dis- the sudden opening of arteriovenous anastomoses

(AVAs) in the head region; this idea would explain
'Present address: Nuffield Institute for Medical Research, certain observations in the migraine syndrome, e.g.
University of Oxford, Oxford. the extreme pallor of the skin in the presence of caro-



542 B.M. JOHNSTON & P.R. SAXENA

tid vasodilatation, the increased prominence of scalp
arteries and veins, and the finding that the oxygen
saturation of external jugular and frontal venous
blood approaches a level similar to that of arterial
blood during migraine headache (Heyck, 1969).

Previous studies from this laboratory, with electro-
magnetic flowmeters in dogs, have shown that
although ergotamine causes a general vasocon-
striction in many vascular beds, this effect is particu-
larly pronounced in the carotid and femoral arteries
(Saxena & de Vlaam-Schluter, 1974) which supply areas
having considerable AVAs (Gillilan & Markesbery,
1963; Rowbotham & Little, 1965; Lopez-Majno,
Migita, Rhodes, Bardfeld & Wagner, 1971; Spence,
Rhodes & Wagner, 1972).

Studies with electromagnetic flowmeters are necess-
arily restricted to observing flow through a limited
number of vessels. Moreover, these flowmeter
measurements can neither distinguish between
'nutrient' (capillary) and 'non-nutrient' (AVA) flow
nor can they provide information about distribution
of blood flow to the different structures supplied by
a vessel. We have, therefore, used the radioactive mic-
rosphere method (Rudolph & Heymann, 1967), to
measure the effects of ergotamine on the complete
distribution of cardiac output, with particular refer-
ence to its effects on regional blood flow in the
various tissues of the head. Although only a limited
number of measurements of blood flow can be made,
the microsphere method has the advantage that not
only is it possible to measure flow to all tissues simul-
taneously, but by sampling the venous drainage of
a particular region it is possible to obtain an index
of flow through AVAs (Hales, 1974; Heymann, Payne,
Hoffman & Rudolph, 1977) and the effects which par-
ticular drugs may have on these 'non-nutrient' vessels.

Methods

Cats of either sex (mean weight 2.9 kg) were anaesthe-
tized with an intraperitoneal injection of chloralose
60mg/kg and urethane 700mg/kg. The trachea was
cannulated and intermittant positive pressure ventila-
tion (with the Harvard ventilation graph, Kleinmann
& Radford, 1964) was continued throughout the ex-
periment. The chest was opened on the left side by
an incision between the 3rd and 4th ribs, and a
1.02mm o.d. polyvinyl catheter was tied into the left
atrium. Since we were particularly interested in blood
flow to the head, it was considered important that
the right common carotid artery should not be
obstructed, as would be the case if the left ventricle
was cannulated. A 6mm electromagnetic flow probe
(Skalar, Delft) was placed around the ascending aorta.

The chest was closed and negative pressure restored.
Catheters were placed in one femoral artery and vein
for blood pressure measurement and drug administra-
tion, respectively. The left jugular vein was cannulated
retrogradely with a 1.02mm i.d. cannula so that the
venous blood draining the head could be sampled
during microsphere injection. The body temperature
of the animals was maintained around 37°C and the
ambient temperature was between 19-21°C.

Blood pressure and aortic flow were recorded for
about 45 min after completion of the surgical pro-
cedures, and then a baseline measurement of cardiac
output distribution was made by the radioactive
microsphere technique (Rudolph & Heymann, 1967).
The subsequent microsphere injections were made at
30 min intervals in all animals. Eight experimental
animals were given intravenous doses of ergotamine
(5,5 and then 10 jig/kg in 2 ml 0.9% w/v NaCl solution
(saline); cumulative doses 5, 10 and 20 gg/kg) 10 min
after each of the first three microsphere injections;
thus the 2nd, 3rd and 4th batches of microspheres
enabled changes in cardiac output distribution to be
measured 20 min after administration of each dose
of ergotamine. Eight control animals were given 2 ml
saline 10 min after each of the first 3 microsphere in-
jections. The principles and validation of the micro-
sphere technique have been described in detail else-
where (Rudolph & Heymann, 1967; Hales, 1974;
Johnston, 1976; Heymann et al., 1977). A suspension
of approximately 80,000 to 150,000 of microspheres
15 + 5 (s.d.) gm in diameter, labelled with 1251,
14tCe, 5tCr or 85Sr in 1 ml saline containing a drop
of Tween 80, was ultrasonicated and then injected,
each time in random order of isotope label, into the
left atrium during a 15 to 20s period. In order to
demonstrate the possible effects of ergotamine on A-V
shunting in the head, left jugular venous blood was
collected for 2.5 min starting about 30s before each
microspheres injection. About 2 min before each
batch of microspheres was given, systemic arterial and
left jugular venous blood samples were taken for
blood gas analysis in order to measure possible
changes in arterio-venous oxygen saturation differ-
ences.

At the end of each experiment the animals were
killed with an overdose of sodium pentobarbitone.
The various organs and tissues were removed and
weighed and their radioactivity measured in a Pack-
ard y-scintillation counter equipped with a multichan-
nel analyser using suitable windows for discriminating
the isotopes used. The total radioactivity was
measured in all organs except skin, body muscle and
carcase, where aliquots of 25 to 33% were taken, from
which their total radioactivity was computed. 'Car-
case' refers to the remaining tissues when all organs
had been removed and the body muscle scraped off
(i.e. mainly bones, fat, and tail).
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Calculations

The data were processed by PDP 11 computer using
the spectral distribution stripping technique (see Hey-
mann et al., 1977). The fraction of cardiac output
received by each tissue at each measurement period
was calculated as the ratio of radioactivity in that
tissue (TR) to the total radioactivity injected (TD).
The total amount of radioactivity injected was deter-
mined both by summing the total counts in each tis-
sue, and in 14 experiments additionally by the differ-
ence in counts in the syringe before and after each
microsphere injection. The correlation between total
doses obtained in the two ways was good (r = 0.9891,
n = 56).

Cardiac output (CO) was calculated from aortic
flow (AF) as measured by the electromagnetic flow-
meter in ml/min and the percentage of microspheres
trapped in the heart (PH): CO = (AF x 100)/(100
-PH). The flowmeter probe had been previously
calibrated with several simultaneous measurements
of CO by dye-dilution method. The end diastolic
part of the flow signal was regarded as zero-flow line.

Tissue blood flows were calculated in ml.min-'.
100 g- 1 (FL) by the formula: FL = TR x CO x WT/
(TD x 100). WT represents the weight of the tissue
in grams.

Tissue vascular resistance (mmHg . ml-'. min.
100 g) was calculated by dividing mean arterial blood

pressure, mmHg, by tissue blood flow, ml.min-m.
100g- . The central venous pressure was assumed
to be negligible (as compared to mean arterial pres-
sure) during the entire course of the experiment.
The percentage of cardiac output shunted in the

left jugular vein was calculated by multiplying by 100
the ratio ofjugular venous radioactivity (JR) and total
radioactivity injected (TD).

Arteriovenous (A-V) shunt flow in the left jugu-
lar vein (AVF) was calculated as: AVF=
(JR/TD) x CO.

Percentage changes from baseline variables were
calculated in each experiment and the changes
obtained after each dose of ergotamine were com-
pared with those obtained after corresponding saline
injection. Due to the skewed distribution and lack
of homogeneity of variance in some variables, the
non-parametric two-tailed Mann Whitney U test (Sie-
gel, 1956) was used for statistical evaluation.

Results

Ergotamine had no effect on blood pressure, but
caused a decrease in heart rate which led to a reduc-
tion in cardiac output and consequent rise in total
peripheral resistance, as shown in Table 1.
The mean baseline values for tissue blood flow, tis-

sue resistance and cardiac output distribution to the

Table 1 Baseline values (mean ± s.e. mean) of systemic haemodynamic variables and changes in the
groups of cats receiving saline or ergotamine

Baseline
measurements

(n= 16)
Aortic pressure
(mmHg)

Systolic
Diastolic
Mean

Heart rate
(min- )

Cardiac index
(ml.min-'.kg -1)

Stroke volume
(ml)

Total systemic
resistance
(units)§

131 + 5
78 + 3
96 + 3

214 + 7

152 + 9

Saline
controlt
(n = 24)

-2 ± 4
-8 ± 3
-4 ± 3

8 ±2

-4 + 3

2.07 + 0.13 -11 + 2

0.67 ± 0.05 0 ± 2

5
(n = 6

-1 + 3
-3 + 4
2 +4

% changes after ergotamine
(pg/kg, i.v.)

10
i) (n= 8) (n

0 ±5
-2 ± 6
-1 + 6

20
= 8)

0 ±6
0 ±7
0 ±6

-18 ±3*** -20 ±2*** -21 +2***

-13 ± 5

7 +6

15 ± 8

-19 ± 3- -24 ± 4*

-2 ± 4 -3 ± 5

23 ±9** 34 +11***

tThe effects of three saline injections in the 8 cats were combined; § resistance = BP (mmHg)/cardiac
index (mI.min- .kg- 1).

* 0.05 > P > 0.02; ** 0.02 > P > 0.002; *** P < 0.002.
B.J.P. 63 3
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various tissues are shown in Table 2. They are gener-
ally similar to those which were previously reported
(Johnston & Owen, 1977) although a mean of nearly
10% of the cardiac output reached the lungs. This
probably reflects a greater degree of systemic arterio-
venous shunting since 15 gm microspheres were used
in this study instead of the 25 gm microspheres used
by Johnston & Owen (1977). The precision of the
microsphere technique in our hands is substantiated
by comparison of the (mean + s.e. mean; n = 16)
blood flow values (ml.min-'.100g-1) of identical
organs. For example, both left and right kidneys
received the same amount of blood (382 + 37) and
the left and the right ear received 3.44 + 0.43 and
3.77 + 0.44, respectively. The blood flow (ml.min-'.
l00g-') distribution within 5 different regions of the
brain was: left cerebral hemisphere (46 + 5), right cer-
ebral hemisphere (47 + 5), diencephalon (48 + 5),
pons-medulla (51 + 5) and cerebellum (60 + 6). Fur-
thermore, as can be expected the atria (158 + 17)
received a smaller blood flow (ml.min-. 100g-1)
than the right ventricle (233 + 23), atrioventricular
septum (263 + 22) or left ventricle (280 + 28).
The effects of each of the three doses of ergotamine

on cardiac output distribution, blood flow and resist-

ance in selected tissues are shown in Table 3. The
most notable effect was a progressive decrease in the
fraction of cardiac output reaching the lungs. Since
the radioactivity in the lungs represents both the
microspheres entering with the bronchial arterial
flow, and those not trapped in the capillary beds, it
is likely that this observation indicates that ergota-
mine causes a reduction in the numbers of micros-
pheres passing through the AVAs throughout the sys-
temic circulation.

Ergotamine also caused a decrease in flow and frac-
tion of cardiac output to the heart, with a correspond-
ing rise in coronary resistance at all 3 doses. It is
not clear from these experiments whether this is a
cause or a consequence of the significant bradycardia
resulting from drug administration (Table 1). Apart
from the stomach, pancreas and liver receiving an in-
creased fraction of cardiac output (not flow), the only
other tissue in which ergotamine caused a significant
haemodynamic response when compared with the
control, was the uterus. All three doses of the drug
increased the blood flow and the percentage of car-
diac output distributed to uterus and decreased the
tissue resistance.
The effects of ergotamine on regional blood flow

Table 2 Baseline values (mean + s.e. mean) of regional haemodynamic variables in 16 cats

% Cardiac output

9.7
0.8
7.8
2.7
2.8
0.4

17.9
0.8
2.2
7.8
0.2
4.6

11.3
14.6
32.5
16.9
3.1
0.5
0.6
1.1
1.6

0.15
4.0
7.1

1.2
+ 0.06
± 0.5

0.3
± 0.5

0.06
+ 1.2
± 0.08
± 0.2

1.1
+ 0.05
± 0.3
± 0.8
+ 1.1

± 1.5
1.4

+ 0.3
± 0.03
± 0.05
± 0.09
± 0.14
± 0.02
+ 0.2
± 0.4

Blood flow
(ml.min - 1.100g 1

261 + 35
14 + 1
45 + 4
66 + 9

225 + 43
32 + 6

105 + 8
1238 + 372
3.4 + 0.4
3.8 + 0.3
57 + 22

253 + 24
39 ± 3
47 +±5
190 ± 13
382 ± 37
49 ±5
5.6 + 0.5
5.4 + 0.4
48 ±4
15 ± 1
3.6 + 0.4
11 + 1
16 + 1

t Resistance = BP (mmHg)/blood flow (ml.min 1.1OOg -1); § bronchial + AVA flow; * hepatic artery flow;
** n = 11; *** the % CO and flow values were calculated by the addition of respective values of spleen,
pancreas and GIT.

Organ

Lu ngs§
Stomach
Small intestine
Large intestine
Spleen
Pancreas
Liver*
Adrenals
Body skin
Body muscle
Uterus**
Heart
GIT
Portal"'
Total liver
Kidneys
Brain
Head skin
Head muscle
Eyes
Skull
Ears
Extracerebral
Total head

Resistancet
units

0.47 + 0.07
8.88 + 1.78
2.38 ± 0.23
2.06 + 0.40
0.69 + 0.12
4.86 + 1.05
1.02 + 0.12
0.12 + 0.01

35.50 + 5.08
28.18 + 2.78
4.92 + 1.79
0.42 + 0.03
2.74 ± 0.26
2.37 + 0.25
0.54 + 0.04
0.28 + 0.03
2.24 + 0.23

20.06 ± 2.32
19.68 ± 2.09
2.22 + 0.17
7.45 ± 0.99

30.83 + 2.75
9.64 + 0.78
6.45 + 0.60
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to the different extracerebral regions of the head (skin,
muscle, eyes, skull and ears) were also studied. No
effect was noticeable on any tissue except the skull
where the two highest doses (10 and 20 jg/kg) caused
some reduction of blood flow (-38 + 8 and
-44 + 5%) and increase in tissue vascular resistance
(73 + 18 and 88 + 22%).

Table 4 shows the effects of ergotamine on the in-
dex of A-V shunting in the left external jugular vein.
At the baseline 0.46 + 0.05% (s.e. mean, n = 16) of
the total number of microspheres injected in the left
atrium (or 11.7 + 1.4% of the microspheres trapped
in the left half of head) escaped entrapment by the
tissue capillaries and were detected in the left external
jugular vein. At the highest dose (20 jg/kg, i.v.),
ergotamine significantly reduced the appearance of

microspheres in the venous drainage of head. No
change was observed in body temperature (Table 4).

Table 5 shows the effect of ergotamine on a number
of blood chemistry variables. The three doses (5, 10
and 20 jig/kg) of ergotamine used in this investigation
increased the difference (normally 9.1%) in O2-satu-
ration between the peripheral arterial and left jugular
venous bloods by 114, 180 and 261%, respectively.
Although in the saline group the A-V 02 saturation
difference also increased by 57%, due probably to par-
tial occlusion of AVAs by the microspheres, the
values obtained after ergotamine administration were
significantly higher. Since ergotamine had little in-
fluence on arterial Po2 and 02 saturation but did
decrease these variables of the venous blood the effect
of the drug on A-V 02 saturation difference was due

Table 4 Effect of ergotamine on arteriovenous anastomosis (AVA) flow in left external jugular vein
and on the body temperature of cats

Baseline
values
n= 16

Saline
control
n = 24

5
n = I

% change by ergotamine
(pg/kg, i.v.)

10
8 n=8 n

20
1= 8

% Shuntingt

Shunt flow§
(ml/min)

Body temperature

0.46 ± 0.05 -29 ± 5

1.94 + 0.22 -32 + 5

-37 + 14 -49 ± 10 -68 ± 11**

-44 ± 13 -59 ± 8 -76 ± 8**

37.2 + 0.2 2 + 0.5 1 + 0.3 2 + 1 2 + 1

Values are mean ± s.e. mean; t % of cardiac output shunted in left jugular vein; §A-V shunt flow in
left jugular vein.
** 0.02 > P > 0.002.

Table 5 Baseline value (mean + s.e. mean) of blood
receiving saline or ergotamine

Baseline
values

(n = 16)

Saline
control
(n = 24)

chemistry and changes in the groups of cats

% Change after ergotamine
(pg/kg, i.v.)

5 10 20
(n = 8) (n= 8) (n= 8)

A-V 02 saturation
difference (%)

Arterial blood
pH
Pco2 (mmHg)
Po2 (mmHg)
02 saturation (%)

Venous blood
pH
Pco2 (mmHg)
Pa2 (mmHg)
O2 saturation (%)

9.1 ± 1.0 57 + 19 114 + 25* 180 ± 30* 261 + 42***

7.32 ± 0.01
31 + 1
89 + 3
95 + 1

7.28 + 0.01
33 ± 1
60 ± 1
86 + 1

0 ± 0.1
0 ±3

-4 + 1
-1 ± 0.3

0 ± 0.1
1 +2

-8 ± 3
-5 ± 2

0 + 0.1
-6 ± 1
4 +2
1 ± 0.3

0 ±1
-6 ± 2
0 ±2
0 ± 0.4

0 ± 0.2
-5 + 2
-6 ± 3
-1 + 0.3

0 ± 0.1 -1 + 0.1 -1 + 0.2
4 ± 3 10 + 3 15 ± 5

-16 +3 -24 +4* -31 +4*
-8 + 3 -14 + 2* -22 + 2***

*0.05 > P > 0.02; **0.02 > P > 0.002; ***P < 0.002.
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to closure of AVAs in the head. However, increased
02 extraction by the tissues may also be involved
to some extent.

Discussion

As reported previously in dogs (Saxena & de Vlaam-
Schluter, 1974), ergotamine lowered the heart rate and
cardiac output in cats. These effects may result from
peripheral vasoconstriction and/or stimulation of pre-
synaptic a-adrenoceptors (Langer, 1977) leading to
decreased noradrenaline output from the nerve ter-
minals. The capacity of ergotamine to excite
a-adrenoceptors has been noted in several studies
(Innes, 1962; Saxena & de Vlaam-Schluter 1974;
Muller-Schweinitzer & Sturmer, 1974) and the drug
can also inhibit reflex vascular responses at the peri-
pheral neuroeffector site (Wellens, Szigetvari &
Wauters, 1970). The regional vascular effects of ergot-
amine were such that the cardiac output was preferen-
tially distributed to stomach, liver, uterus and pan-
creas at the expense of lungs (bronchial + A-V shunt
flow) and heart. Due to a reduction in cardiac output,
only uterine blood flow increased. Although ergot de-
rivatives are used to prevent post-partum placental
bleeding, probably by compression of arterioles by
an oxytocic action, the effect of these drugs on uterine
blood flow had not been studied (Woodbury, 1971).
It is possible that the increased uterine blood flow
demonstrated in this study is secondary to enhanced
metabolic demands initiated by contraction of uterus
by ergotamine.
The appearance of particles of known size, such

as glass beads, in the venous blood has been used
for a long time for the study of glomus-type AVAs.
However, the difficulty in counting procedure and the
non-uniformity of the size of the particles have some-
times produced equivocal results. The availability of
plastic microspheres labelled with radionuclide has
overcome these difficulties and many investigators
have used such microspheres for the study of AVAs
(for references, see Hales, 1974; Heymann et al., 1977;
Hales, Fawcett, Bennett & Needham, 1978). Since, the
diameter of AVAs (15 to 150 jim) is generally greater
than that of the arterioles (20 to 30 jim) or capillaries
(1 to 8 im) (Clark & Clark, 1934; Burton, 1944;
Daniel & Prichard, 1956; Sherman, 1963), the use of
15 jm, in contrast to large size microspheres, provides
a preferential measure of 'nutrient' (capillary) blood
flow to the organs (Hales, 1974). It has also been
demonstrated that the 15 im microspheres are almost
completely trapped by the arterioles and capillaries
in the lungs (99 to 100%), as well as in the tissues
where the large-sized AVAs are scarce, e.g. skeletal
muscle, kidney, heart, brain or gastrointestinal tract
(Slotkoff, Logan, Jose, D'Avella & Eisner, 1971;

Archie, Fixler, Ullyot, Hoffman, Utley & Carlson,
1973; Hales, 1974; Warren & Ledingham, 1974;
Marcus, Heistad, Ehrhardt & Abboud, 1976; Zinner,
Kerr & Reynolds, 1976). There is considerable shunt-
ing of 151im microspheres in skin, carotid (mainly
extracerebral part), femoral and ear circulation
(Lopez-Majno et al., 1971; Spence et al., 1972; Hales,
1974; Warren & Ledingham, 1974), where the AVAs
are extensively distributed not only in animals but
also in man (Clara, 1956; Daniel & Prichard, 1956;
Gillilan & Markesbery, 1963; Rowbotham & Little,
1965). The cardinal point, that spheres of this size
do not escape to the venous side through capillaries
in substantial number, was demonstrated by Hales
& Cliff (1975; 1977) who followed the behaviour of
acutely injected microspheres by cinematography in
surgically prepared rabbit ear chambers. They found
that microspheres of 15 jm diameter were already
trapped in the end-arterioles and precapillary sphinc-
tor regions of the microvasculature. Similarly, Alm
(1975) has found that a considerable number of 35 im
microspheres was lodged after an intracardiac injec-
tion in the large pial arteries of the monkey. It
appears that the microspheres, being slightly heavier
than the blood, require higher pressure than the
blood cells for onward propulsion. Thus, the 15 gm,
microsphere reach the venous blood only through
large-sized glomus-type AVAs and ultimately stack
themselves in the pulmonary vessels. Since bronchial
arterial blood flow, as determined by large sized
(50im) microspheres, is generally less than 1.5% of
CO (Forsyth, Nies, Wyler, Neutze & Melmon, 1968)
the amount of microspheres detected in the lungs
(about 10%) represents mainly the blood flowing
through the AVAs. Similarly, the microsphere content
of external jugular venous blood is an index of AVA-
flow in the head regions, most likely the extracerebral
tissues and not so much the brain itself (Hales, 1972;
Marcus et al., 1976).

Since ergotamine greatly decreased the microsphere
content of the lungs, it appears that the drug reduced
the shunting of blood through the AVA's. More direct
evidence is, of course, provided by the fact that signifi-
cantly fewer microspheres appeared in the external
jugular vein after 20 jg/kg dose of the drug than after
the corresponding saline injection. As Creasy, Kahan-
paa & De Swiet (1974) have shown by external count-
ing that the microspheres may continue to appear
in venous circulation for up to 15 min, it is possible
that the venous withdrawal period (2 min) used by
us may apparently be a less sensitive method for
studying the drug effect; 15 to 20 min withdrawal time
when using 4 microsphere labels is for obvious
reasons impracticable. Nevertheless, we have recently
obtained data (unpublished) showing that about 40%
of 15 gm microspheres injected in the common caro-
tid artery traverse through AVAs, probably in the
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rete-mirabile conjugatum (Gillilan & Markesbery,
1963), nasal mucosa, skull or the head skin, to appear
in the lungs. Ergotamine, in intravenous doses of 5,
10 and 20 jg/kg, significantly reduced this number to
23, 13 and 5%, respectively. In conformity with ergot-
amine's ability to close the AVAs in the head region
is the fact that the A-V oxygen saturation difference
was increased by the drug. Closure of AVAs would
decrease the contribution to the venous side of the
arterial blood not undergoing 02-loss in the capillary
bed. The effects of ergotamine were independent of
any influence of temperature on the AVAs (Zanick
& Delaney, 1973; Hales et al., 1978) and it may be
recalled that, even in electromagnetic flowmeter
studies, the most prominent effect of the drug was
found on the carotid and femoral vascular bed
(Saxena & de Vlaam-Schluter, 1974) where there is
evidence of abundant AV-shunting.

Finally, attention should be drawn to the fact that
5-hydroxytryptamine (5-HT; serotonin), one of the
biogenic amines implicated in the pathophysiology of
migraine, has the ability to dilate arterioles and to
constrict large arteries (Haddy, 1960) and, probably
also closes AVAs (Rondell, Palmer & Bohr, 1957).
Since the cerebral blood vessels are far more sensitive
to 5-HT (Toda & Fujita, 1973), it is conceivable that
a decline of blood 5-HT concentrations in the head-
ache phase of migraine (Anthony, Hinterberger &
Lance, 1969; Sommerville, 1976) may dilate the large
arteries and constrict the arterioles, a situation that
would lead to increased AVA flow and tissue hypoxia.
As already pointed out, there is evidence to assume
that migraine attacks are associated with sudden
opening of AVAs in the head (Heyck, 1958; 1969;
Rowbotham & Little, 1965). Our data demonstrating
that the most effective antimigraine agent, ergota-
mine, constricts AVAs in the head without affecting
cerebral blood flow and, in addition, increases A-V
02 extraction, not only give credence to the afore-
mentioned view regarding the pathophysiology of
migraine syndrome but also suggest that the closure
of AVAs is the most probable mechanism of the
therapeutic action of the drug. It may be added that,
especially if one keeps in mind the higher capacity
of common laboratory animals than humans to meta-
bolize drugs, the doses of ergotamine employed in
the present investigation (5 to 20 jg/kg) compare
favourably with that (0.50 mg or about 8 jg/kg) com-
monly used clinically.
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