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Summary

1. The responses of the smooth muscle of the capsule and blood vessels of the
isolated, perfused human spleen to sympathetic nerve stimulation, adrenaline,
noradrenaline, angiotensin, oxytocin, vasopressin, isoprenaline and acetyl-
choline have been investigated and compared with those of dog spleen.
2. Stimulation of the postganglionic sympathetic nerves to the human spleen
at frequencies of 3-10 Hz evoked graded vasoconstriction but very small
changes in spleen volume.
3. The injection of adrenaline and noradrenaline in doses of 0 25-25 ,ug to
the human spleen produced graded increases in splenic vascular resistance with
very small decreases in spleen volume.
4. Administration of the a-adrenoceptor blocking drug phenoxybenzamine
completely abolished or considerably reduced the vascular responses of the
human spleen to sympathetic nerve stimulation or the injection of noradrenaline.
5. The vascular action of adrenaline was often reversed to elicit a vasodilata-
tion after phenoxybenzamine suggesting the presence of 8-adrenoceptors in
the vascular bed. This was confirmed by the administration of isoprenaline
which induced a marked reduction in vascular resistance of the human spleen.
6. The polypeptides angiotensin and vasopressin induced a marked vaso-
constriction in the human spleen without changes in the spleen volume. These
effects were uninfluenced by the administration of phenoxybenzamine.
7. The polypeptide oxytocin caused a slight vasodilatation in the human
spleen, an effect almost exactly mimicked by the preservative chlorobutanol.
8. Preliminary experiments suggest that noradrenaline is the transmitter
released by the postganglionic nerves to the human spleen.
9. These results provide direct evidence that the normal human spleen, unlike
that of the dog, does not have a reservoir function. It is suggested that contrac-
tions of the enlarged human spleen may occur in various pathological conditions.

Introduction

Whether the capsule of the human spleen actively contracts in response to
sympathetic nerve stimulation and increases in the circulating levels of catechol-
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amines, is still speculative. Most observations have been indirect, including macro-
scopic observation of spleen size at operation, estimation of peripheral haematocrit
values and techniques of X-ray scan (Kryzwanek & Arnold, 1927; Yang, 1928;
Benhamou, Jude & Marchioni, 1929a, b; Ebert & Stead, 1941; Watson & Paine,
1943). The dynamic state of the splenic circulation in man has been most readily
studied by injecting red blood cells labelled with 51Cr into the peripheral circulation
and recording their entry and flow in the splenic circulation by means of continuous
recording external counters (Harris, McAlister & Prankerd, 1957, 1958; Bowdler,
1962; Prankerd, 1963; Toghill, 1964; Richards & Toghill, 1967).
The general conclusion of all these studies has been that the normal human spleen

does not take up normal red cells from the circulation as an acute store for emer-
gencies. However, the studies with red cells labelled with 51Cr has suggested that
the pooling of abnormal cells by normal spleens and the pooling of normal cells by
abnormal spleens may occur.
There is little information about the responses of the vascular smooth muscle of

the human spleen, apart from the report (Prankerd, 1963) that noradrenaline induces
splenic vasoconstriction. In contrast there is a considerable literature, based on
direct observation, on the capsular and vascular smooth muscle responses of the
spleens of other species including the dog (Green, Ottis & Kitchen, 1960; Daly &
Scott, 1961; Davies, Gamble & Withrington, 1968a, b) and cat (Hertting & Suko,
1966; Greenway, Lawson & Stark, 1968; Greenway & Stark, 1969, 1970). Some
species variation in the responses has been observed.
The present series of experiments is a direct investigation of the capsular and

vascular smooth muscle responses of the isolated, perfused spleen of man using
fresh organs obtained at operation and not associated with any disease of the spleen.
Experiments were also performed on the dog's spleen, isolated and perfused in a
similar manner for direct comparison.
Some of these observations have already been communicated to the British

Pharmacological Society (Ayers, Davies & Withrington, 1970).

Methods

Experiments were performed on human spleens obtained from patients undergoing
major abdominal surgery in a number of different hospitals. The clinical diagnosis
and ages are shown in Table 1. Total gastrectomy was performed in most patients
when the spleens were removed to facilitate the surgical procedure. All the spleens
removed were regarded on macroscopic examination as normal. As soon as the
spleen was removed it was placed in heparinized saline solution at room tempera-
ture and the splenic vein ligature removed to prevent coagulation; where facilities
were available the spleen was perfused immediately with 50-100 ml of heparinized

TABLE 1. Data on the patients from whom spleens were obtained and perfused

Diagnosis Sex No. Age

Carcinoma of stomach Male 5 51-72
Female 5 53-73

Carcinoma of colon Male 1 64
Hodgkins Disease Female 1 37
Hereditary spherocytosis Male 1 8
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saline (5,000 i.u. heparin, Pularin, Evans Medical Ltd., in 500 ml of 09% saline)
and transported in this fluid to the laboratory. When the artery and vein were
cannulated the spleen was cautiously perfused with McEwens (1956) solution and
any patent omental branches which then became apparent were ligated; dissection
of the sympathetic nerves accompanying the splenic artery was then attempted.

Thirty spleens were obtained but only thirteen were suitable for long perfusion
because of damage to the capsule or pulp or because short hilar vessels made
cannulation impossible. The thirteen patients from whom these spleens were ob-
tained were premedicated and anaesthetized by a variety of methods. Premedica-
tion included omnopon and scopolamine (five patients), pethidine and atropine (five
patients), promethazine and scopolamine in one patient, whilst one received no
premedication. Five of the patients received succinylcholine as muscle relaxant,
two had gallamine triethyliodide, one received (+)-tubocurarine and five patients
had no record of receiving relaxants. In ten patients anaesthesia was induced with
thiopentone and maintained with nitrous oxide and oxygen with halothane adminis-
tered occasionally; two were induced and maintained on halothane whilst one
patient was induced with cyclopropane and maintained with a mixture of nitrous
oxide and oxygen.

Immediately after perfusion of the excised spleen was commenced, test doses of
catecholamines (adrenaline or noradrenaline) were administered. No variation in
response was observed which could be clearly attributed to any particular combina-
tion of premedication or anaesthetic. Apart from this routine premedication and
anaesthesia none of the patients were receiving drugs liable to influence the results
obtained. The delay between removal and perfusion in the laboratory ranged from
1-4 hours. The weight of the spleens varied from 60-370 g (mean 212 g).
After cannulation the spleen was placed in a Perspex plethysmograph and per-

fused at constant flow with McEwens solution at 370 C equilibrated with a gas
mixture of 95% oxygen and 5% carbon dioxide. Flow was maintained by a
Watson-Marlowe Flow inducer (Type MHRE) the output of which was sinusoidal;
the splenic arterial perfusion pressure was measured with a Statham high pressure
transducer (P23Gb) (1 mmHg=-1-333 mbar). Splenic venous pressure was main-
tained constant in each experiment between 0 and 10 cm water. The plethysmo-
graph was filled with liquid paraffin maintained at 370 C by water circulating
through the false bottom of the plethysmograph. Whenever possible, changes in
spleen volume were monitored by a low pressure Statham transducer (P23Bb) as
variations in the height of the liquid paraffin column connected to the plethysmo-
graph. After suitable amplification the perfusion pressure and changes in spleen
volume were continuously recorded on a Beckman Type 'R' Dynograph.
The postganglionic sympathetic nerves to the spleen were placed on platinum

stimulating electrodes within the plethysmograph with the cathode peripheral. The
leads were connected to a stimulator and a pulse counter so that a set number of
stimuli of 50 V and 0 5 ms duration could be delivered to the nerves.

Fifteen control experiments were performed on dogs weighing between 9 0 and
16-0 kg. They were anaesthetized with intravenous injection of 3-5 ml of 2.5%
methohexitone sodium (Brietal sodium, Lilly) followed by a mixture (5 ml/kg) of
1 % chloralose (a-chloralose, Kiihlmann, Paris) and 10% urethane (B.D.H.) dissolved
in 09% saline and filtered. The trachea and an external jugular vein were cannu-
lated. A midline abdominal incision was made and the spleen dissected from its
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attachments apart from the splenic artery, splenic vein and postganglionic sympa-
thetic nerve trunk as previously described (Davies & Withrington, 1968). The dog
was then heparinized (500 i.u./kg) before the division of the nerve, artery and vein.
The spleen was perfused as described above for the human specimens.

Splenic vascular resistance

The mean perfusion pressure was taken as the mean of the measured ' systolic'
and 'diastolic ' pressures recorded by the arterial transducer since the output of the
Watson-Marlowe pump was sinusoidal. Consequently. at constant flow a change
in mean perfusion pressure (at constant venous pressure) may be taken as being
directly proportional to the change in splenic vascular resistance. Percentage
changes in splenic vascular resistance were calculated as the increase in mean per-
fusion pressure expressed as a percentage of the control mean perfusion pressure.

Noradrenaline assay

The noradrenaline concentration of the effluent was estimated by bioassay on
the blood pressure of the pithed rat. Fluorimetric estimation was determined by a
modification of the techniques of Haggendal (1963) and Bertler, Carlsson & Rosen-
gren (1968) as described by Allison & Powis (1971).

Administration of drugs

All drugs were injected into the rubber tubing between the flow inducer and the
splenic arterial cannula distal to the point at which perfusion pressure was being
measured. The following drugs were used: noradrenaline bitartrate (Winthrop),
adrenaline bitartrate (Martindale Samoore), isoprenaline sulphate (Savory & Moore),
angiotensin (Hypertensin, Ciba), vasopressin (Pitressin, Parke Davis & Co.), oxytocin
(Syntocin, Sandoz), oxytocin solvent (Syntocin placebo, Sandoz), acetylcholine
(Acecoline, Lematte & Boinot) and phenoxybenzamine (Dibenyline, SKF).

Results

Effects of splenic nerve stimulation on splenic vascular resistance and volume

The splenic nerves were stimulated in ten different human spleens at frequencies
of 0 5-30 Hz. Electrical stimulation was usually continued for 30 seconds. As the
frequency of stimulation was increased, graded increases in splenic perfusion pres-
sure were obtained at constant flow. In one experiment (Fig. 1) a wide range of
stimulation frequencies was applied and the increase in mean perfusion pressure
was 7-5, 35, 65, 80 and 105 mmHg at 0 5, 1 0, 3*0, 5 0 and 7 0 Hz corresponding
to increases in splenic vascular resistance of 12, 56, 90, 110 and 145 % respectively.
In four experiments in which a smaller range of frequencies was applied the mean

250-

(mmHg) _______

0 . _ _.!_'i_

05 1.0 3-0 50 7-0 Hz 60s

FIG. 1. Vascular responses of the human spleen to sympathetic nerve stimulation. Changes
in perfusion pressure (PP) in mmHg caused by electrical stimulation of splenic nerve at 0 5,
10, 3-0, 5.0 and 7-0 Hz.
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increases in mean perfusion pressure at 1, 3 and 7 Hz were 10, 28 and 111 mmHg
corresponding to mean increases in splenic vascular resistance of 16, 37 and 118%
respectively. There was generally little vascular response at rates of stimulation
below 3 Hz whilst the maximum percentage increases in splenic vascular resistance
were observed at frequencies of 7-10 Hz.

In six experiments satisfactory volume recordings were made and a range of
frequencies studied in five of these. A similar range of stimulation frequencies was
studied in six dog spleens perfused under identical conditions. The volume changes
in the human spleen in response to sympathetic nerve stimulation at any frequency
was always very small despite the concomitant increases in splenic vascular resist-
ance. In contrast, in the dog, similar vascular responses were always accompanied
by considerable reductions in spleen volume. For example, in one experiment in
the dog stimulation at 1, 3 and 7 Hz led to increases in splenic vascular resistance
of 29, 77 and 91 % and reductions in spleen volume of 33, 70 and 68 ml. The
corresponding changes in a human spleen at stimulation frequencies of 3, 7 and 10
Hz were 19, 29 and 31 % increases in splenic vascular resistance with concomitant
decreases in spleen volume of 0, 6 and 8 ml. These experiments are illustrated in
Fig. 2.

A

dSV (ml) 25[

200

PP (mmHU) 1

3*0 7-0 10 Hz 60 s

dSV (ml) 50[

250A

PP (mmHg) _

0

1-0 3*0 7-0 Hz
FIG. 2. Responses of the capsular and vascular smooth muscle of the human and dog spleen
to sympathetic nerve stimulation. Upper record: human (,) spleen (A). Lower record:
dog spleen (B). Each record consists of a tracing of changes in spleen volume (dSV) and
perfusion pressure (PP) in response to stimulation of the splenic nerve at 3 0, 7*0 and 10 Hz
in the human and 1P0, 3-0 and 7-0 Hz in the dog.
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The mean capsular and vascular responses to sympathetic nerve stimulation at

3 and 7 Hz in five human and six dog spleens are shown in Fig. 3. The mean in-
creases in the vascular resistance in the human and dog spleen at 7 Hz were 79 and
76% respectively. These values are not significantly different (P>0 475). At 3 Hz,
the mean increases in vascular resistance in the two species were 23 and 53%
respectively, values which are just significantly different (P>0-025). In contrast
the mean reductions in the volume of the human spleen at 3 and 7 Hz were 0-6 and
3 0 ml; these values are very significantly less (P<0 0025 at 7 Hz and P<0 0005 at
3 Hz) than those of the dog's spleen where the mean reductions in volume at the
same frequencies were 44-3 and 43-3 ml.

3 Hz 7 Hz

FIG. 3. Mean percentage increases in splenic vascular resistance and mean reductions in
volume (ordinates) in five human (hatched columns) and six dog (open columns) spleens in
response to splenic nerve stimulation at 3 and 7 Hz. Vertical lines represent the standard
errors of the means.
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Effects of injections of adrenaline and noradrenaline on splenic vascular
resistance and volume

The vascular responses to the administration of adrenaline and noradrenaline in
doses of 0 25-25 ug were observed in twelve isolated human spleens. Graded in-
creases in perfusion pressure at constant flow were produced with increasing doses
of both catecholamines indicating graded increases in splenic vascular resistance.
At doses of less than 10 jug, adrenaline was the more potent vasoconstrictor whilst
at higher doses the catecholamines were equipotent. For example, in three experi-
ments at a dose of 0-25 ,ug, adrenaline was 1-4 times as potent as noradrenaline and
in five experiments at 0 5 jug the ratio was the same (1-4). However in ten experi-
ments at 10 jug, adrenaline was only slightly more active than noradrenaline in in-
creasing splenic vascular resistance (ratio 1 1) whilst in six experiments at 3 0 yg
the two catecholamines were equipotent as splenic vasoconstrictors.

In four experiments in which changes in splenic volume could be recorded together
with the changes in splenic perfusion pressure, adrenaline was given on twenty-two
occasions and noradrenaline on eighteen at various dose levels. In these experi-
ments there were very small reductions in spleen volume accompanying the injec-
tions of adrenaline and noradrenaline despite the increases in splenic perfusion
pressure (Fig. 4). The maximum reduction in volume occurred in a spleen of
200 g where doses of adrenaline (10 ,ug) and noradrenaline (3 0 ,ug) induced reduc-
tions in spleen volume of 11 and 13 ml respectively. Paired injections of adrenaline

A

dSV (ml) 25[

250

PP (mmHg)

0

5 0 1lg Adr 5-0 pg Nor 60 s

B r
dSV (ml) 50s[

200

PP (mmHg)

0 ,
2-5 jig Adr 2-5 jg Nor

FIG. 4. Responses of the capsular and vascular smooth muscle of the human and dog spleen
to close arterial injections of adrenaline and noradrenaline. Upper record (A): human spleen.
Lower record (B): dog spleen. Each record consists of a tracing of changes in spleen volume
(dSV) and perfusion pressure (PP) in response to 5 0 ,ug of adrenaline (Adr) and noradrenaline
(Nor) in the human and 2-5 ,ug in the dog spleen.
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and noradrenaline over the dose range 1 0-5 0 yg were made in twelve tests and
produced small contractions (on fifteen occasions of 5 ml or less) with a range 0-13
ml. The results suggested that, within the limits of accuracy of measurements of
the small changes in volume involved and on the changing background, the catechol-
amines were equipotent on the capsular smooth muscle of the human spleen.

In thirteen control experiments in dogs adrenaline and noradrenaline were ad-
ministered in doses of 0-25-5-0 kg and the increases in splenic perfusion pressure
were similar to those obtained in the human spleen but were accompanied by con-
siderable reductions in volume often in excess of 60 ml (Fig. 4). In the dog adrena-
line is more potent than noradrenaline in contracting the capsular smooth muscle
but the catecholamines are equipotent in causing increases in splenic vascular resist-
ance (Davies et al., 1968b).

EIfects of phenoxyhenzamine on the responses of the human spleen to
nerve stimulation and injected catecholamines

The a-adrenoceptor blocking agent phenoxybenzamine was administered in doses
of 3-10 mg to investigate the receptor spectrum of the smooth muscle of the human
spleen. It was observed in six experiments that the increase in splenic perfusion
pressure accompanying sympathetic nerve stimulation was reduced in six out of
sixteen tests, abolished on nine occasions and in the remaining test an initial in-
crease in perfusion pressure caused by nerve stimulation at 10 Hz was reversed
to cause a slight decrease in perfusion pressure indicating a vasodilatation.
The graded increases in splenic perfusion pressure caused by injections of nor-

adrenaline were abolished or considerably reduced by the administration of phenoxy-
benzamine in five experiments. In two of these experiments adrenaline was ad-
ministered on seven occasions in a dose which initially produced an increase in per-
fusion pressure. The subsequent administration of phenoxybenzamine reversed the
vascular action of adrenaline to cause vasodilatation. The actions of phenoxy-
benzamine on the vascular responses to noradrenaline and adrenaline are illustrated
in Fig. 5. This reversal in the vascular response to adrenaline did not always occur
for in the three other experiments the vasoconstrictor action of adrenaline was
abolished but no evidence of vasodilatation was observed to subsequent injections.

A Nor
250

PP (mmHg)_

I 0 pg PB I 0 ,ug 5 0 jig 60 s

B
Adr

200 [ |

PP (mmHHg) __

1-0 pg PB I 0 jig 3 0 pg 5S0 pg 10 pg
FIG. 5. Effect of phenoxybenzamine on the vascular responses of the human ( ) spleen to
noradrenaline and adrenaline. The records A and B show the changes in perfusion pressure
(PP) of the human spleen in response to close arterial injections of noradrenaline (Nor) and
adrenaline (Adr) before and after a dose of 3 mg of phenoxybenzamine (PB).
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The small reductions in spleen volume observed after the injections of catechol-
amines and sympathetic nerve stimulation were always abolished by phenoxy-
benzamine.

In three experiments, after the administration of phenoxybenzamine in a dose
sufficient to abolish the responses to sympathetic nerve stimulation and injected
catecholamines, the venous effluent was collected during and following nerve stimu-
lation at 10 or 30 Hz in order to detect and measure any transmitter released. In
two of these experiments little activity could be detected when the effluent was
assayed for pressor substances on the blood pressure of the pithed rat. In the other
experiment an increase in pressor activity equivalent to 435 pg per stimulus of nor-
adrenaline was detected in the stimulation samples over the control level. A
positive identification of noradrenaline was made fluorimetrically.

Actions of isoprenaline on human splenic smooth muscle;
presence of 3-adrenoceptors

In two experiments isoprenaline was administered on twelve occasions in doses of
0 5-1 0 yg and vasodilatation was clearly elicited on nine of these occasions since

A 250

PP (mmHg) _

0-1 0 5 ,ug Ang

B 250

PP (mmHg)

0 *
1 0 I.u. Vas 60 s

C
200j.

PP (mmHg)

1.0 2-0 5-0 I.u. Oxy
FIG. 6. Vascular responses of the human (,3) spleen to close arterial injections of poly-
peptides. Changes in perfusion pressure (PP) caused by the injection of 01 and 0 5 ug angio-
tensin (Ang) in A, 10 I.u. of vasopressin (Vas), in B and in C the close arterial injections
of 1P0, 2-0 and 5-0 i.u. of oxytocin (Oxy).
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a reduction in splenic perfusion pressure was observed at constant arterial inflow.
These responses together with the reversal in vascular response to adrenaline after
phenoxybenzamine suggest the presence of some f-adrenoceptors in the human
splenic vascular bed. No changes in volume of the human spleen were observed
with isoprenaline.

Actions of acetylcholine on the human spleen

Small doses of acetylcholine reduce splenic vascular resistance in many species
including the dog (Daly & Scott, 1961 ; Davies & Withrington, 1968). In three
experiments in the present series acetylcholine, in doses of 1-25 jug, caused small
decreases in perfusion pressure and therefore splenic vascular resistance. No volume
recordings were possible in these experiments.

Actions of some polypeptides on human splenic vascular and
capsular smooth muscle

Three polypeptides were investigated; these were angiotensin, oxytocin and vaso-
pressin and their vascular actions are illustrated in Fig. 6.

Angiotensin

In six experiments angiotensin was injected on twenty-one occasions in doses
from 005-25 4g and graded increases in splenic perfusion pressure were obtained.
The results indicated that angiotensin was more potent than noradrenaline in its
actions on the splenic vascular bed usually in the ratio of about 2: 1 on a weight
basis. For example, in one human spleen, angiotensin (0 5 jug) caused an increase
in splenic vascular resistance of 74% whilst the same dose of noradrenaline increased
the vascular resistance by 41%.

In two experiments the vascular action of angiotensin was not changed by the
administration of a dose of phenoxybenzamine which abolished the responses to
catecholamines and sympathetic nerve stimulation. These results clearly indicate
the direct action of angiotensin on human splenic vascular smooth muscle.

Negligible changes in spleen volume accompanied the increases in splenic per-
fusion pressure following the injection of angiotensin.

Vasopressin

In six experiments vasopressin (05-2 0 i.u.) was injected intra-arterially and
caused marked increases in splenic perfusion pressure with no consistent changes in
volume. The responses to vasopressin were unaffected by the administration of
phenoxybenzamine.

Oxvtocin

In six experiments oxytocin (0-5-50 i.u.) induced a slight reduction in splenic
perfusion pressure which, at constant flow, indicates a reduction of splenic vascular
resistance and vasodilatation. This effect was almost exactly mimicked by the
administration of the vehicle, chlorobutanol, diluted by an equal amount. It appears
therefore that oxytocin has little or no action on the smooth muscle of the human
spleen, in marked contrast to angiotensin and vasopressin. The administration of
oxytocin or vehicle produced no changes in spleen volume.
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Discussion

Investigations on the cardiovascular function of the human spleen have been
considerable but indirect. Interest has focussed on the possible role of the spleen
as a store of erythrocytes. This suggestion was initially proposed by Stukeley
(1723) as a result of his extensive study of the structure of the spleen during which
he became impressed by the amount of muscle the organ contained. Barcroft,
Harris, Orahovats & Weiss (1925) clearly demonstrated that the spleen of the dog
and cat contained a store of red cells which were added to the circulation during
exercise or haemorrhage. They calculated that, in these species, splenic contraction
increased the circulating blood volume by 10-15%. Further support for this view
came from the observations that the increase in red cell count and haemoglobin
content of the blood which occurred as a result of fright and exercise, was absent
in splenectomized animals (Scheunert & Krzywanek, 1926; Abderholden & Roske,
1927; Izquierdo & Cannon, 1928).

Inevitably a similar storage function was postulated for the human spleen and
Barcroft et a!. (1925) calculated that the human spleen should be capable of adding
110-258 ml of blood to the circulation. However, whereas it was well established
that the dog's spleen was capable of powerful contractions, there was uncertainty
over the ability of the human spleen to contract vigorously. Henle (1852) had
access to a decapitated human and electrically stimulated the splenic nerve both
in situ and after removal, 35 min after death. He observed no effect but noted that
the spleen which was originally pale and wrinkled became darker and smoother
after removal from the body. This, he suggested, showed that the spleen had con-
tracted. Evidence soon accumulated that although some increase in the red cell
count and haemoglobin occurred in man, in response to adrenaline and exercise, it
was not of the same magnitude as that observed in the dog and cat (Krzywanek &
Arnold, 1927; Nylin, 1942). Moreover, the small increases that did occur in exer-
cise, haemorrhage and in response to injections of adrenaline were observed in
both normal and splenectomized subjects (Dill, Talbot & Edwards, 1930; Ebert &
Stead, 1941). In contrast however, Yang (1928) observed an increase in the red cell
count following the injection of adrenaline in the normal but not in the splenecto-
mized subject, whilst Benhamou et al. (1929a, b) by studies with X-ray and red
cell counts in normal adult and child subjects, reported contractions of the spleen
in response to exercise and the administration of adrenaline.

In the experiments reported here in which changes in spleen volume were continu-
ously monitored, stimulation of the postganglionic splenic nerves at frequencies of
up to 30 Hz produced small contractions of the splenic capsule compared with the
dog, although increases in splenic vascular resistance were marked. Similarly,
negligible changes in the volume of the perfused human spleen could be elicited by
close arterial injections of either adrenaline or noradrenaline, both of which are
present in the human adrenal gland (von Euler, Franksson & Hellstrom, 1954) and
appear in the plasma during stress (Vendsalu, 1960). Nevertheless, both these
catecholamines induce large increases in splenic vascular resistance under the same
experimental conditions. The present results therefore confirm the general conclu-
sion, previously based on indirect evidence, that in man the normal spleen does
not act as a blood reservoir for acute emergencies.
The changes in vascular resistance of the human spleen to sympathetic nerve

stimulation were often very striking. The threshold frequency was 2-3 Hz and the
B
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maximum responses were evoked, as in t-he dog, at 7-10 Hz. We have no knowledge
about the postganglionic discharge frequency in man but it seems reasonable to
assume that appreciable increases in splenic vascular resistance would only occur
under conditions of extreme stress. Our present experiments would indicate there-
fore that, in the human, the sympathetic nervous supply is a low frequency system.
While there is little evidence to substantiate the reservoir function of the normal

human spleen there is a clearer indication that the pathologically enlarged human
spleen may actively contract. Yang (1928) reported a reduction in size, detectable
by palpation, after an injection of adrenaline. Saad (1935) investigating the action
of drugs on strips of enlarged human spleens, observed contraction in response to
adrenaline, which was blocked by ergotamine. Watson (1939) observed a 50%
reduction in estimated volume, by X-ray, in response to adrenaline in a patient
previously given thorotrast whilst Watson & Paine (1943) observed, during the
operation of splenectomy, that close-arterial injection of adrenaline caused a visible
contraction and an increase in the red cell count of the splenic venous blood. The
experiments described in the present paper were, with one exception, performed on
normal human spleens. It may be significant that in the exception, a case of here-
ditary spherocytosis, the spleen gave some of the largest contractions that we recor-
ded in the series.
The vascular responses of the human spleen to sympathetic nerve stimulation,

adrenaline and noradrenaline were profoundly altered by the administration of the
a-adrenoceptor blocking drug phenoxybenzamine. The vascular responses to nerve
stimulation and noradrenaline were either abolished or significantly reduced. How-
ever, in some of the spleens the vascular response to adrenaline was reversed after
phenoxybenzamine to cause vasodilatation. These observations present direct evi-
dence of both a-- and /3-adrenoceptors in the splenic vascular bed as has been pre-
viously observed in the dog (Moerman, Scapagnini & de Schaepdryver, 1969;
Davies, Robinson & Withrington, 1969). The presence of /3-adrenoceptors in the
vasculature of the human spleen is further indicated by the vasodilator activity of iso-
prenaline. Unfortunately, there was no opportunity to administer any /3-adreno-
ceptor blocking agents in the present series of experiments. As we have stated the
capsular smooth muscle of the human spleen responds with very small contractions
to sympathetic nerve stimulation, adrenaline and noradrenaline. Nevertheless these
small contractions were blocked by phenoxybenzamine suggesting a sparse a-adreno-
ceptor distribution.
The results of the actions of the polypeptides angiotensin, vasopressin and oxy-

tocin in the human spleen provide information suggesting a considerable species
variation. In the human spleen both angiotensin and vasopressin have a powerful
vasoconstrictor action with little effect upon the capsular smooth muscle. These
effects are similar to those obtained in the dog (B. N. Davies & P. G. Withrington,
unpublished observations) and in the cat's spleen (Greenway & Stark, 1970). How-
ever, in the human spleen oxytocin induced a slight vasodilatation whereas in the
dog's spleen it has the same actions as angiotensin and vasopressin. In the human
spleen the vasodilatation elicited by oxytocin was largely due to the preservative
chlorobutanol used in the preparation of the synthetic form Syntocin. It is probable
that oxytocin has little effect on the vascular smooth muscle of the human spleen
although preservative-free oxytocin has been reported to have a mild hypotensive
action in man (Somlyo & Somlyo, 1970).
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Our results on the transmitter release from the sympathetic innervation to the
human spleen are preliminary and limited. The supply of intact, normal spleens
with a well defined nerve bundle was very small and in these specimens we were
reluctant to block the responses at an early stage with phenoxybenzamine so as to
collect and assay transmitter by preventing its reuptake. The few experiments we
describe are, we consider, worth reporting since they clearly indicate that the trans-
mitter at the postganglionic nerve endings in the human spleen is noradrenaline.
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