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with intelligence. Though this might be true in urban societies,
it seems less likely in a primitive hunting community, where
the drawbacks of myopia might be expected to outweigh any
gains from superior intelligence. The finding of higher serum
concentrations of uric acid in those with higher IQs has
prompted the suggestion that hyperuricaemia, through its
activity as a cortical stimulant, may have played an important
part in the intellectual development of higher primates.4
Biochemical and genetic studies of superior intelligence are
beginning to offer an exciting and interesting field for both
the clinician and the biologist.
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Complement activation and
disease
Like so many mediators ofimmune responses, the complement
system is an indispensable part of the host's defence against
infections. Nevertheless, it may also contribute to tissue
damage in allergic reactions. Complement is essential for the
lysis and phagocytosis of bacteria and viruses coated with
antibody; as a result patients with various forms ofcomplement
deficiency are vulnerable to infections.' Complement may also
contribute to the immune response to tumours.2 In contrast,
complement damages tissues both by its direct action on cell
membranes and by the secondary actions of other immuno-
pathological processes resulting from complement activation.
Thus disease may be caused either by the persistent activation
of complement by immunological stimuli (and in particular
by antigen-antibody complexes) or as the result of intrinsic
defects ofthe complement system which allows its spontaneous
activation.
Complement components are designated with numbers and

capital letters, a bar over the symbol indicating the activated
form of each component. Fragments of each component are
designated by small letters. Nine complement components
(Cl-9) may be detected in the serum, ofwhich C3 is present in
greatest concentration.3 Activation of C3 induces the assembly
of the late complement components C5-9, which attach to and
damage cell membranes. There are two pathways by which C3
can be activated. In the "classical" pathway Cl binds to
complexes formed between antigens and antibodies of some
but not all immunoglobulin classes, a reaction which may
take place in the tissue or in the circulation. Cl, is thereby
converted to the proteolytic enzyme Cl, which in turn cleaves
its two substrates C4 and C2, resulting in the formation of the
C3 convertase C42. This enzyme, also a protease, cleaves and
thereby activates C3.
C3 can also be activated by the "alternative" pathway. This

pathway can be generated readily in vitro by treating fresh
serum with complex polysaccharides, endotoxins, or aggre-
gated IgA. The clinical relevance of this pathway has been
shown by its activation in patients with severe infections
by Gram-negative organisms4 and with IgA cryoglobulin-
aemia.5 In the alternative pathway the early components of the
classical pathway Cl, C4, and C2 are bypassed in a series of
reactions involving the gammaglobulin properdin P, a heat-
labile factor D, and the glycine-rich beta-glycoprotein factor

B. After its activation, factor B splits C3 in a way which is
functionally analogous with the activation induced by C42
of the classical pathway. Furthermore, C3 potentiates this
bypass mechanism by itself activating the components of the
alternative pathway.
These steps in complement activation may be reversed by a

series of inhibitors, of which the most important are those
which neutralise Cl, C3, and C6. The inhibitor of C3, C3b
inhibitor, also blocks the continued generation of alternative
pathway factors capable of splitting C3 and hence has a critical
regulatory function in activating the complement sequence.

Activated complement components also promote acute
inflammation. The split products of C3 and C5-C3a, and
C5a, respectively-are anaphylotoxins; that is, they cause
smooth muscle contraction6 and, moreover, induce the release
of histamine from mast cells and basophils.7 In addition,
complement activation induces platelet aggregation and
intravascular coagulation,8 while the chemotactic stimulus
generated particularly by C5, C6, and C7 leads to the influx
of granulocytes and macrophages, with the subsequent release
of lysosomal enzymes. There are, therefore, many ways in
which the continued activation of the complement sequence
potentiates inflammation.
Complement activation in human disease can be detected

by three principal methods. Firstly, concentrations of comple-
ment components may be shown to be reduced in the serum
and inflammatory fluids such as rheumatoid synovial effusions;
but it is essential to correlate the concentration in effusions
with those of other serum proteins in order to prove that the
depletion of complement is in any way specific. For clinical
purposes it is usually enough to find a general indication of
complement consumption in the form of a reduced
concentration of C3 or of total haemolytic activity, which
measures the integrity of the whole system. When more
specific information is needed a reduction in the concentrations
of the Cl component Clq, C2, and C4 is evidence of classical
pathway activation, whereas low concentrations of properdin
and factor B indicate activation ofthe alternative pathway. The
second method is the detection of complement components by
immunofluorescence in diseased tissues or in phagocytic cells
in inflammatory exudates. Thirdly, activated complement
components may be identified in the serum and tissues, of
which C3b (the breakdown product of C3) can be detected
with reasonable ease by two-dimensional immunoelectro-
phoresis. These methods can be done by most routine clinical
immunology laboratories.
Complement activation has been found in many diseases in

which tissues are damaged by various mechanisms, some
undoubtedly immunological and precipitated by circulating
antigen-antibody complexes. These include such diverse
diseases as postinfectious glomerulonephritis,9 10 liver
disease," dengue fever,'2 and Plasmodiumfalciparum malaria.'3
The activation and consumption ofcomplement in rheumatoid
synovial fluid'4 and in the plasma of patients with systemic
lupus erythematosus'5 are probably attributable to this cause,
and the extent ofthe reaction has some prognostic importance.'6
Complement components are also synthesised in the rheuma-
toid synovial membrane.'7
On the other hand, complement activation is seen in several

disorders whose pathogenesis, although presumably immuno-
logical, is far from clear. Among these may be cited anaphylac-
toid reactions'8 and several forms of chronic skin disease.'9 20
Activation ofthe alternative pathway has been clearly shown in
several disorders such as arthritis after hepatitis B infection,2'
dermatitis herpetiformis,22 and chronic urticaria.23 24 The very
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profusion of conditions in which complement is activated by
either pathway might in itself seem to indicate that awareness
of this process tells us little about the aetiology of these
diseases. Nevertheless, there are disorders, such as hypo-
complementaemic mesangiocapillary glomerulonephritis,2 26
sometimes occurring in association with lipodystrophy,27 28
angio-oedema,29 or vasculitis,3 " in which the profound
depletion of complement gives rise to the suspicion that its
abnormal consumption might be the primary disorder and not
merely a secondary event.

Tests for the functional integrity of individual components
of the complement system and their inhibitors need the
facilities of specialised laboratories.3 Nevertheless, finding a
profound impairment of total haemolytic activity is often
sufficient to indicate the existence of such a defect. Isolated
deficiencies of major complement components have been
detected in some patients with repeated infections3 and
connective tissue disorders resembling such diseases as
systemic lupus erythematosus31 32 and dermatomyositis.33
Deficiency of C2 has been reported in patients with Henoch-
Schonlein purpura,34 on one occasion accompanied by electron-
microscopic evidence of persistent mycoplasma infection.35
These abnormalities may prove to be secondary to disease
activity, and no formal proof has been adduced linking them
with the vast majority of patients with connective tissue
diseases. Yet in many instances the deficiency has been
familial,33 strengthening evidence from other sources that
complement activity is linked to HLA genes and is therefore
under genetic control.3 3
Complement is required for the neutralisation and lysis of

some viruses bound to antibody3840 and for the clearance of
such complexes by the reticuloendothelial system.4' It is
therefore entirely plausible that complement deficiencies
could account for various immune complex disorders induced
by virus infections and more particularly for those associated
with glomerulonephritis.42 Complement deficiencies and their
correction43 are justifiably receiving continued attention.
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Effect of exercise alone
on obesity
The medical management of obesity remains difficult and
often impossible. Most studies have concentrated on ways of
restricting food intake, though this is often of very small
benefit. Despite evidence that the physical activity of obese
children and adults is below averagel 2 relatively little attention
has been paid to the effect of increasing caloric expenditure.3 4
A recent study by Gwinup in California5 is therefore of con-
siderable interest, for he examined the influence of exercise
alone on the body weight of obese men and women on an
unrestricted diet.

All the participants in the study had failed to maintain
weight loss on dietary restriction alone; they were asked not
to change from their normal diet and were allowed to choose
their own form of exercise. Of 29 women and five men who
started on the programme, only 11 (all women) persisted with
it for a year or more. They started at 10-60% above ideal
weight; all 11 could increase their exercise to a half-hour
or more per day and maintain this for at least a year. In the
end eight of the 11 subjects were exercising for two hours or
more per day. All 11 lost weight, on average 22 lb (10 kg) and
ranging from 10 lb (4 5 kg) to 30 lb (13-5 kg). No loss ofweight
occurred until at least 30 minutes' exercise was taken each day,
and the degree of weight loss was roughly related to the time
spent exercising.
Not surprisingly, the form of exercise which was best

tolerated was walking. More vigorous forms, such as jogging,
could not be sustained by the obese women for long enough.
In all cases the rate of loss of weight was slow (about 0-25 kilo-
grams per week) and the weight reached a plateau for any given
level of exercise. When the women lengthened their time of
daily exercise further weight loss occurred, and in all but one
of the 11 cases weight was not regained so long as the exercise
was continued. Walking requires an energy expenditure of
about 300 calories per hour, and it is probable from the slow
rate of weight loss that the women lost weight while con-
suming more calories than previously.
From this study it appears that exercise alone can produce

considerable weight loss in a substantial proportion of obese
individuals resistant to conventional dieting. As a bonus, most
of the women felt considerably fitter while on their increased
exercise. Regular but not particularly vigorous exercise,
exceeding half an hour per day, may be worth trying in obese
patients-particularly in those who have plenty of time on
their hands. With increases in costs of petrol, perhaps in any
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