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SYMPTOMS OTHER THAN PAIN

Symptoms other than pain-particularly dyspnoea, tiredness,
faintness, and syncope-were occasionally the first indication
of coronary heart disease. These symptoms are much less definite
than pain and more often due to diseases other than of the
coronary system. Fortunately in most cases of coronary origin
the electrocardiogram was abnormal. Painless infarction may be
commoner than our study indicates, but without the support
of electrocardiographic or enzymic evidence the diagnosis can
be only tentative.

CLINICAL EXAMINATION AND E.C.G.

Clinical examination was rarely helpful in deciding whether a
patient had coronary heart disease or not unless there had been
a large myocardial infarct. Though the absence of a fall in blood
pressure is commonly held to exclude infarction we found a high
pressure more often than a normal or low one. The reason for
this is that pain, apprehension, and the excitement of a doctor's
visit together have a pressor effect which outweighs the hypo-
tensive effect of a small infarct. Conversely, an apparent fall of
blood pressure is often found in patients with chest pain of
non-cardiac origin, because at the first visit there are factors
tending to raise the pressure, whereas at the second visit the
pain may have subsided and the patient may be less appre-
hensive.
The main value of clinical examination is to observe factors

which may affect the interpretation of the electrocardiogram,

such as the presence of hypertensive or valvular disease, obesity,
or an abnormally shaped chest.
The electrocardiogram was of great value in that it usually

provided objective support for a diagnosis of coronary heart
disease-provided that due weight was given to the minor abnor-
malities of the S-T segment and T wave.5 6 Half of the patients
in whom coronary heart disease was eventually proved showed
major abnormalities in their first tracing, and half of the
remainder showed definite minor abnormalities suggestive of
coronary disease. In about 10% of the cases the electrocardio-
gram showed left ventricular hypertrophy or bundle-branch
block, and in 15% no definite abnormality was present. Serial
recordings showing an evolving pattern were valuable evidence
of myocardial infarction. In patients with non-progressive
symptoms, such as chronic effort angina, an effort test sometimes
gave vital supporting evidence, but in patients with a history
of angina of abrupt onset or attacks of rest pain the likelihood of
acute infarction was believed to render the test dangerous.
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Hypertension associated with an abnormally high secretion rate
of aldosterone occurs in various conditions. Hypokalaemia is
often an important clue to the presence of an excess of aldo-
sterone, and special precautions are necessary to obtain accurate
clinical measurements of the plasma potassium level (see later).
Estimation of the plasma level of renin or angiotensin II is also
of great help in the differential diagnosis of hyperaldosteronism.
Renin is an enzyme, of renal origin, which reacts with a

substrate ("renin-substrate"; "angiotensinogen") found in the
alpha-2 globulin fraction of plasma, releasing the decapeptide,
angiotensin I. The latter is thought to be largely inactive, but
is converted in the circulation to the active octapeptide, angio-
tensin II, which has several pharmacological (and possibly
physiological) actions in man. These include the stimulation of
aldosterone secretion; raising the blood pressure; a direct action
on the kidney modifying the excretion of water and electrolytes;
the provocation of thirst; and perhaps several others (Fig. 1).
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The concept that the renin-angiotensin system might be
important in regulating aldosterone secretion was put forward
by Gross1 2 and Davis. According to this notion (Fig. 2), the
kidney responds to sodium depletion by releasing increased
amounts of renin into the circulation; consequently the quantity
of angiotensin formed is increased and this stimulates the
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"SECONDARY" HYPERALDOSTERONISM
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a natriuretic drug to normal people; plasma aldosterone levels
increase after a further interval of 20-30 minutes.7-,

Bourgoignie et al.'0 and Catt et al."1 have reported that plasma
renin activity and angiotensin II blood levels may return to normal
within 6 to 8 weeks of continuous thiazide treatment. This is not
a consistent finding, however, since we have found both plasma renin
and angiotensin II concentrations well above normal after more
than 12 months of continuous oral diuretic administration in
patients with diabetes insipidus,12 and Tarazi et al." have reported
similar findings in patients with essential hypertension treated with
thiazides. Relman14 has pointed out that 3 to 4 weeks may be required
before a patient returns to basal sodium and potassium status after
oral benzothiadiazine drugs have been withdrawn.

FIG. 2

secretion of aldosterone. Aldosterone promotes the reabsorption
of sodium and the elimination of potassium, mainly in the
distal renal tubules, thus conserving sodium and causing a
relative depletion of potassium. Converse changes are postulated
in response to a sodium load.
Though recently the importance of the renin-angiotensin

system in the regulation of aldosterone secretion in physiological
circumstances in man has been challenged,'- 6inmany conditions
the renin-angiotensin-aldosterone relationship appears close.
Thus after the administration of a diuretic, or in association with
stenosis of a renal artery, renin, angiotensin, and aldosterone
may all be increased (Fig. 2). Such situations are referred to as
"secondary" hyperaldosteronism since the excess of aldosterone
seems to result from the raised levels of renin and
angiotensin in the blood. By contrast, in the presence of an
adrenocortical adenoma secreting an excess of aldosterone,
renin and angiotensin may be suppressed (Fig. 3). Such syn-
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dromes are often called "primary" hyperaldosteronism, since
the basic disorder apparantly lies in the adrenal cortex, although
aldosterone stimulation by an agent other than the renin-
angiotensin system is not excluded at present.

PREGNANCY HYPERTENSION

The secretion rate and plasma concentration of aldosterone
increase appreciably during normal pregnancy; renin-substrate
levels are also greatly raised, and somewhat less consistently, are
plasma renin and angiotensin 11 concentrations."5 Hence
pregnancy appears to be a form of definite physiological
secondary hyper-aldosteronism with plasma sodium and potas-
sium concentrations remaining normal throughout.'6 While in
the hypertensive disease of pregnancy maternal aldosterone
secretion may be on average slightly lower, it is still maintained
well above the normal non-pregnant range.

RENAL ARTERY STENOSIS

In some patients with stenosis of a main renal artery, hyper-
tension may be accompanied by increased plasma concentrations
of renin and angiotensin II, and a raised secretion rate of
aldosterone.'7-22 In such cases the hypertension is frequently
severe, and often in the malignant phase. Plasma concentrations
of sodium and potassium may be reduced. In some instance!
this secondary hyperaldosteronism may persist despite attempts
to lower the blood pressure with hypotensive drugs, but surgical
alleviation of the renal artery stenosis, or removal of the kidney
distal to it, may cure the entire syndrome.'7 20 22 In one re-
ported case sodium loading reduced the raised plasma renin
concentration to normal, without lowering the blood pressure.20

INTRINSIC RENAL DISEASE

A syndrome similar to that of unilateral renal artery stenosis
may occur in association with unilateral or bilateral renal
lesions (such as pyelonephritis or renal tumours). A particularly
severe form of the condition occurs in some patients with
bilateral renal disease and terminal renal failure undergoing
regular haemodialysis. In most of these patients the blood
pressure may be controlled satisfactorily by removing sodium
and water at dialysis, and by dietary restriction of sodium and
water between dialyses. In such cases the plasma concentra-
tions of renin and angiotensin II are normal or only marginally
raised, and evidence of aldosterone excess is absent.23-25

In a minority of patients, however, arterial pressure cannot
be controlled in this way, and these show definite features
of secondary hyperaldosteronism.

Secondary Hyperaldosteronism

DIURETIC-INDUCED

The commonest form of an excess of aldosterone in hypertension
is that induced by the use of diuretics (most commonly of the
benzothiadiazine group) in its treatment. Clearly this cause of
hyperaldosteronism and hypokalaemia must be recognized if
diagnostic confusion is to be avoided.
Plasma renin and angiotensin II concentrations may be

increased within 10 minutes of the intravenous administration of

Thus the malignant phase is a common, although not invariable
feature; plasma sodium, as well as potassium concentrations may be
very low; and plasma concentrations of renin, angiotensin II, and
aldosterone are increased. The more strenuous the efforts to remove
water and sodium at dialysis, the more pronounced may the clinical
and biochemical disorder become. The total peripheral resistance is
high, and, in contrast to the commoner form of terminal renal
failure (when plasma renin levels are normal or near normal), in the
intractable form of hypertension the renal micropathology probably
results in an inappropriately intense signal to renin release as a
response to sodium and water removal (Fig. 2). Hence plasma angio-
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tensin II levels are inappropriately high in relation to sodium status,
and increase further as more sodium is removed. In these circum-
stances circulating angiotensin II may be sufficient to have a direct
pressor effect (Fig. 1).
The intense thirst often experienced by these patients may also be

the result of the thirst-provoking action of angiotensin II.23 Bilateral
nephrectomy provides the only therapeutic approach to the problem.
When the diseased kidneys are removed the abnormally high levels
of renin, angiotensin II, and aldosterone subside to very low values;
the blood pressure becomes readily controlled by haemodialysis alone;
and the intense thirst disappears. The peripheral resistance also
becomes normal.24 20

Possibly in some of these patients an additional hazard may be focal
myocardial ischaemia. In rabbits the administration of large doses of
angiotensin II can produce focal myocardial infarction27 and similar
lesions have been found post mortem in patients known to have had
raised plasma levels of angiotensin II before death.28 In one case of
terminal renal failure and intractable hypertension, with very high
plasma concentrations of angiotensin II, recurrent episodes of cardiac
arrest occurred, usually during or after haemodialysis. After bilateral
nephrectomy, and consequent lowering of the plasma level of angio-
tensin II, these episodes were abolished.24

MALIGNANT PHASE HYPERTENSION

Aldosterone excess, associated with raised plasma concentrations
of renin and angiotensin II, may occur in the malignant phase
of hypertension in the absence of clinically or radiologically
demonstrable renal or renal artery lesions. The secondary
hyperaldosteronism may regress after successful lowering of the
arterial pressure with hypotensive drugs, and consequent
resolution of the malignant phase.22 29 Possibly microscopic
intrarenal lesions lead to inappropriate stimulation of the
renin-angiotensin-aldosterone system. As these lesions heal
after the arterial pressure has been controlled the secondary
hyperaldosteronism also resolves.

RENIN-SECRETING RENAL TUMOURS

In 1967 a case was reported of severe hypertension in a youth
who was eventually found to have a haemangiopericytoma of the
kidney.30 After unilateral nephrectomy the tumour was found
to have a very much higher renin content than the adjacent
kidney tissue, and it was postulated that autonomous release of
excess renin from the neoplasm resulted in secondary hyper-
aldosteronism and hypertension. Several similar cases have
since been described. 31 -33

The precise status of this interesting syndrome remains in some
doubt, since not all patients have had measurements of renin and
aldosterone before operation. Moreover, it is difficult to distinguish
autonomous secretion of excess renin by a renin-producing neoplasm
from non-specific stimulation of renin release by the adjacent normal
renal tissue induced by ischaemia or pressure from the growing
tumour. Possibly a saline load might aid the distinction by reducing
renin release from compressed or ischaemic renal tissue, but leaving
unchanged that from an autonomous renin-secreting tumour.31 So
far as we are aware, however, this has not yet been studied.

Hypertension with Hyperaldosteronism and Low Plasma
Renin

In this so-called "primary" hyperaldosteronism syndrome,
which is usually but not invariably associated with a histo-
logically recognizable lesion of the adrenal cortex, hypertension
and excessive aldosterone secretion are accompanied by low or
subnormal levels of plasma renin and angiotensin II. The
malignant phase is a rare though notunknowncomplication.34- 37

Typically, the plasma potassium concentration is subnormal
and the plasma sodium is normal or distinctly high. This
contrasts with most forms of secondary aldosterone excess, in
which plasma sodium concentrations are reduced. Extra-
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cellular alkalosis is reflected in raised plasma bicarbonate levels.
Total exchangeable sodium, total body water, plasma, and
extracellular fluid volumes are increased, while total exchange-
able potassium is reduced.3' 38 39 Wile muscular weakness
may be a feature, most patients are virtually free from symptoms
or clinical signs, though a history of nocturia is often elicited
by direct questioning.
The diagnosis ofprimary hyper-aldosteronism is confirmed by

finding the characteristic combination of excess aldosterone and
low plasma renin and angiotensin II; surgical excision of the
adrenal lesion corrects the biochemical abnormalities and
usually, but not invariably, the hypertension.38-'0 As an
alternative to adrenal surgery, prolonged oral treatment with the
aldosterone antagonist spironolactone may be employed. This
leaves the excessive aldosterone secretion undiminished, while
correcting the expanded total exchangeable sodium, total body
water, extracellular fluid and plasma volumes, and the sub-
normal total exchangeable potassium. With the reduction of
total exchangeable sodium the plasma levels of renin and
angiotensin II increase, while the raised arterial pressure
usually subsides.7 11 20 34 38 4043 In a few instances the arterial
pressure remains raised despite correction of the excessive
aldosterone secretion by adrenal surgery; these patients simi-
larly fail to correct their arterial pressures during preoperative
treatment with spironolactone.38 40 42 43

Classically, "primary" hyperaldosteronism is associated with
a benign aldosterone-secreting adenoma of the adrenal cortex
(Fig. 3).4446 More recently, it has become recognized that the
syndrome may occur in the absence of a discrete adenoma.

In these circumstances one or both adrenal cortices may show
micronodular hyperplasia or simple hypertrophy of the zona glomeru-
losa. In a few instances no histological lesion has been found in the
adrenal cortex.40 47 48 Several workers have commented on the
general tendency for the biochemical abnormalities to be less
appreciable in the non-adenomatous cases.48-52 These slight bio-
chemical differences have been used in a computer-assisted multi-
factorial statistical technique (quadric analysis) to predict before
operation whether a patient does or does not harbour a discrete
adenoma.48 4 When an adenoma is suspected it may be localized by
adrenal venography, at which the tumour, if large enough, may be
outlined by a retrograde injection of radio-opaque dye injected into the
adrenal vein. Altematively, or additionally, samples of right and left
adrenal venous plasma may be compared for aldosterone content, the
affected side showing a very high concentration.53 54

TREATMENT

In the absence of an adenoma extensive bilateral adrenal re-
section is indicated; this has the disadvantage that the patient
may subsequently need treatment for adrenocortical insuffi-
ciency. Alternatively, long-term spironolactone therapy may be
employed in these instances. 38 42 49

Rarely, "primary" aldosteronism may be caused by an
adrenocortical carcinoma.'5 5 5 Suspicious features are a large
tumour (sufficient to be palpable, or to displace the kidney on the
intravenous pyelogram), considerable muscular weakness, fever,
abdominal pain, and excessive secretion or excretion of adreno-
cortical steroids as well as aldosterone.

Other rare instances have been reported in which hypertension is
accompanied by aldosteronism and low plasma renin levels, all of
these abnormalities being corrected by dexamethasone.57 58 Adreno-
cortical histology has, where studied, shown hyperplastic and nodular
changes. In view of these findings it is advisable to observe the effects
of dexamethasone before operating on such patients unless clear
evidence of an adrenocortical tumour has been obtained.

Finally, Conn and Conn59 described a small group of young subjects
in whom aldosterone excess and severe hypertension was present,
usually in the absence of overt renal disease. Distinct adrenocortical
adenomata were not found in these patients, who had either bilateral
nodular hyperplasia or histologically normal adrenal glands. Relief
of the hypertension usually followed subtotal or total adrenalectomy.
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Since several (but not all) of these were children Conn and Conn59
tentatively suggested that a congenital abnormality of corticosteroid
biosynthesis might be responsible for the condition, and coined the
term "congenital aldosteronism". Neither renin nor angiotensin
levels were measured in this series, and the present status of the
group remains uncertain. Though several patients had malignant
hypertension, the good response generally seen after adrenal surgery
contrasts with the poor results of adrenalectomy in older patients
with malignant hypertension.59

Conditions Simulating "Primary" Hyperaldosteronism

This group of diseases is important in that confusion with
"primary" hyperaldosteronism may arise. With the possible
exception of hypertension associated with taking oral contra-
ceptives, however, plasma aldosterone levels are either normal
or low.

HYPERTENSION ASSOCIATED WITH ORAL CONTRACEPTIVES

A statistically significant, but usually small elevation in arterial
pressure occurs within the first year of starting oral contraceptive
therapy.60 More rarely, an appreciable rise in blood pressure
occurs. Oral contraceptives cause large increases in renin-
substrate concentration, usually with a compensating decrease
in plasma renin concentration and a variable rise in plasma
angiotensin II.11 61-64 In some people increased amounts of
aldosterone may be secreted,65 but in our experience plasma
aldosterone concentration does not exceed the upper limit of
the normal range.63 64

LIQUORICE INGESTION

Liquorice extracts contain the ammonium salt of glycyrrhizic
acid, a substance with an aldosterone-like action. Consequently,
persons taking large quantities of liquorice-containing sweets
and drinks may develop hypertension with hypernatraemia, low
plasma renin levels, and hypokalaemic alkalosis. The condition
can be distinguished from "primary" aldosteronism by demon-
strating low or subnormal aldosterone values, and is corrected
by stopping the ingestion of liquorice.66 70 Interestingly, the
biochemical abnormalities are also corrected by spironolactone.71

CARBENOXOLONE TREATMENT

Carbenoxolone sodium is a derivative of glycyrrhetinic acid,
the diglycuronide of which, glycirrhizic acid, occurs in liquorice.
A very similar condition to that associated with liquorice inges-
tion may thus be produced in patients being treated with
carbenoxolone sodium (Biogastrone and Duogastrone) for
peptic ulceration. 69

EXCESSIVE SECRETION OF DEOXYCORTICOSTERONE

Cushing's Syndrome

Excessive secretion of deoxycorticosterone may occur in some

patients with Cushing's syndrome72 and may be the reason for
the suppression of plasma renin concentration in some patients
with this disease.1' 20

1 7-hydroxylation Deficiency

In these syndromes sexual immaturity may be associated with
excessive production of corticosterone and deoxycorticosterone
and deficiency of cortisol and aldosterone. The level of circu-
lating ACTH is increased and the associated hypertension and
hypokalaemic alkalosis may be corrected by the administration
of dexamethasone.7'
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Isolated excess of deoxycorticosterone

We have recently studied several patients with hypertension,
hypokalaemia, and suppression of plasma renin and angiotensin
II concentrations, in whom aldosterone was not increased, and
the only detectable corticosteroid abnormality was an appreciable
increase of plasma deoxycorticosterone. These cases were
distinguished from Cushing's syndrome and deficiency of
17-hydroxylation by having normal plasma levels of cortisol,
corticosterone, and a normal increase in plasma cortisol on
administration of exogenous ACTH. There was no response to
dexamethasone, but both the hypertension and metabolic
abnormalities were corrected by oral spironolactone."

CORTICOSTERONE EXCESS

Hypertension with hypokalaemia, hypernatraemia, and peri-
pheral oedema have been reported in a patient with an adrenal
carcinoma in whom the plasma level of corticosterone, but not
of aldosterone, was raised.74

18-HYDROXY-DEOXYCORTICOSTERONE EXCESS

Increased secretion of 18-hydroxy-deoxycorticosterone has been
reported in patients with hypertension, suppressed plasma renin
activity, and normal or reduced aldosterone secretion.75 76 The
hypertension in these cases could be corrected by spironolactone
administration or, in one instance, by dexamethasone.

OVARIAN DYSGENESIS AND MINERALOCORTICOID EXCESS

Syndromes of ovarian dysgenesis (for example, Turner's dis-
ease) may be associated with excessive production of mineralo-
corticoid precursors and hypokalaemic hypertension.76

LIDDLE 'S DISEASE

Liddle et al.77 described a familial disorder characterized by
hypertension, hypokalaemic alkalosis, and negligible aldosterone
secretion, apparently the result of an abnormal tendency for
the kidneys to conserve sodium in the virtual absence of
mineralocorticoids. Recent evidence suggests that this reflects
a generalized inherited abnormality of sodium transport.78 The
syndrome is unresponsive to spironolactone, but benefits from
triamterene administration.

Hypertension with Aldosterone Excess

The screening of a hypertensive patient for possible aldosterone
excess involves initially the elimination of factors likely to
distort sodium or potassium balance, or to cause changes in the
levels of renin, angiotensin, or aldosterone. Thus diuretics of
all types, purgatives, oral contraceptives, liquorice, carbenoxo-
lone, and potassium supplements must be stopped, preferably
for a minimum of four weeks. If possible, hypotensive therapy
should also be discontinued and in particular drugs such as
methyldopa or p-adrenergic blockers, which may interfere with
renin release, should be omitted. A normal dietary intake of
sodium and potassium must be ensured. Under these circum-
stances repeated measurements of plasma electrolytes are made,
care being taken to avoid forearm exercise at venepuncture,
since this can cause spurious rises in the potassium levels.7'
Under these conditions a plasma potassium value of less than

3.7 mEq/l. would be regarded in this unit as suspiciously low,
and indicating the advisability of further investigation. Hypo-
kalaemia in hyperaldosteronism may be intermittent-hence
the advisability of at least three, and preferably more, separate
measurements of plasma electrolytes. Rarely, plasma potassium
values may be persistently normal;36 45 47 80 such cases can
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be detected only if renin, angiotensin, or aldosterone levels
are measured.
The finding of a suspiciously low potassium, renin., or

angiotensin II level in plasma is an indication for more detailed
hospital investigation, preferably while the patient takes a fixed
daily diet containing known normal amounts of sodium and
potassium. If this is not possible however, a ward diet is
acceptable, provided that its sodium and potassium content is
within normal limits.
Evidence of malignant hypertension, radiological features of

unilateral renal or renal arterial disease, or a plasma sodium
concentration of 135 mEq/l. or less favour secondary hyper-
aldosteronism, whereas high plasma sodium levels ( > 143
mEq/l.), suggest a "primary" adrenal lesion.

Hyperaldosteronism is confirmed by measuring the aldo-
sterone levels under the above conditions, and the distinction
between "primary" and "secondary" forms of the disease made
by demonstrating subnormal or low levels of renin and angio-
tensin II in the former, and raised values in the latter. Currently
available techniques for the measurement of renin and angio-
tensin 11 in peripheral blood are sufficiently sensitive to obviate
the need to apply stimuli such as a low sodium intake or ambula-
tion to aid the distinction between normal and subnormal values.

Hypertension, hypokalaemia, and low renin and angiotensin
II values in the absence of aldosterone excess indicate over-
production of a mineralocorticoid other than aldosterone. Such
cases will require more detailed investigation as indicated in the
section on conditions simulating hyperaldosteronism.

If the presence of hyperaldosteronism with low plasma renin
and angiotensin II is confirmed, the possibilities are adreno-
cortical adenoma, bilateral adrenocortical hyperplasia, or (rarely)
adrenal carcinoma. Quadric analysis will in most instances dis-
tinguish the two former possibilities, whereas the carcinomatous
cases will show usually distinctive clinical features. Adrenal
venography should also help to locate a unilateral adenoma
and to identify adrenocortical carcinoma.

Adrenal surgery is indicated in the patients with carcinoma,
in most of those wiih a unilateral adenoma, and, less certainly,
in those with hyperplasia. Prolonged treatment with oral
spironolactone (150-400 mg/day) is an alternative form of
therapy to extensive bilateral adrenal resection in the patients
with diffuse adrenocortical hyperplasia, and in those with a
unilateral adenoma who are unwilling, or unsuitable on other
grounds (elderly, hemiplegic, or after myocardial infarction) to
undergo operation.

Spironolactone is also routine preoperative therapy, being
continued to within 24 hours of surgery, thereby correcting the
electrolyte abnormalities. The preoperative hypotensive res-
ponse is, moreover, a good prognostic guide to the likely effect
of operation.

Occasionally, adenomata are very small, and difficult to
identify at operation. In such cases, and when preoperative
attempts to localize the tumour by venography or aldosterone
measurements in adrenal venous plasma have failed, the usual
procedure is to remove the left adrenal gland (since it is more
often affected than the right). This is then immediately cut into
thin slices by the pathologist.

Should no adenoma be revealed, a total or near total excision
of the right gland is performed. If hyperaldosteronism persists
or recurs after operation, the adrenal remnant may then be
removed subsequently.

Cases of bilateral adrenocortical hyperplasia may also be
treated surgically by elective subtotal or total adrenalectomy.
At present opinion may be veering towards the latter as a defini-
tive procedure, minimizing the risks of subsequent recurrence.
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Scientific Basis of Clinical Practice

Activities of the Neutrophil Polymorph

D. B. BREWER

British Medical Journal, 1972, 2, 396-400

The neutrophil polymorphonuclear leucocyte is the most im-
portant cell in the cellular defences of the body against acute
bacterial infections and it is the most important factor in the
killing of invading bacteria. The killing of bacteria by the poly-
morphonuclear leucocytes is the result of a complex process
involving a sequence of activities on the part of the polymorph,
many of which depend on a variety of plasma factors.
The polymorphs are actively motile cells; indeed, they can

move more rapidly than any other cell. In addition, under ap-
propriate circumstances their movements become directed so
that they will move towards bacteria. Having come into contact
with bacteria, the polymorphs then phagocytose them.
A vacuole is formed around the phagocytosed organisms and the
polymorph granules fuse with the vacuole, releasing their con-
tents into the vacuole and so killing the organisms. Such a com-
plex succession of events may best be analysed by considering
its parts separately.

Movement ofNeutrophil Polymorphs

When moving spread out on the surface of a glass cover slip
polymorphs have a very constant and typical appearance when
examined by phase-contrast microscopy (Fig. 1). The anterior
end, which is free of granules, is constantly pushing forward,
but it does not move evenly. Different portions of the anterior
edge push forward and stop, and then other portions push
forward-but the sum of these irregular movements adds up to
a continuous forward movement. Behind this anterior edge is
the main cell body, containing cytoplasmic granules, and,
usually towards the rear of the cell, the lobed nucleus. The
granules stream forward but may often be seen to stop suddenly
when they encounter the posterior margin of the granule-free
anterior edge, as if they encounter an obstruction which pre-
vents them moving further forward. The main cell body often
tapers to a pointed posterior end, which appears dark by phase-
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contrast microscopy and from which several very long thin
threads can be seen projecting backwards.
There has been surprisingly little investigation of the detailed

mechanism of the movement of the neutrophil polymorph. It is
commonly described as amoeboid, with the implied assumption
that the mechanism of movement is similar to that of the
amoeba; but probably this is too facile an assumption, as, apart

\-... w -r-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.....~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... .... :. ''3.'_!11||1-'t j n @ < ts~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... .. .
FIG. 1-Two living human polymorphs moving upwards. Anterior ends free
of granules pushing between other polymorphs. Main cell body full of
granules. Nuclei in posterior part of cell. Phase contrast microscopy. x 2,000
approx.

from anything else, the neutrophil polymorph is very much
smaller than the amoeba. Even if we accept that the polymorph
moves in the same way as the amoeba we are still left with
several alternative hypotheses as there is no universally accepted
explanation of how the amoeba moves.

According to Goldacre,1 the amoeba is propelled forwards as a
result of contraction of a plasmagel at the rear end of the cell body
which causes a fluid cytoplasmic stream to flow forward in the central
portion of the cell body. The contractile plasmagel after contracting at
the rear becomes soluble and flows forward as a plasmasol in the
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