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History

IT is probable that the first reference to diabetes occurs in the famous Ebers papyrus,
a treatise on therapeutics, in which is a prescription for the driving away of 'the too

great emptying of the urine'. Oddly, since the Master must surely have noted the
condition, there is no reference to it in the Hippocratic collection and it is to the Cappa-
docian, Aretaeus, that we owe the first accurate clinical description of the disease, for
he pictured a patient in whom "there is a melting down of the flesh and bones into
urine so that the kidneys and bladder emit urine as though the aqueducts were opened
wide, and in whom thirst is extreme, mouth parched, body dry, and wasting progressive".
Furthermore, it was Aretaeus who gave diabetes its name, 5ia$nrr)s a passer through.
Middle Ages
A thousand years later, the Arabian 'Prince of Physicians', Avicenna, gave an

excellent account of the disease in his famous Canon and noted the sweetish taste of the
urine, while Rhazes in his encyclopaedia, Liber Continens, also described diabetes and
its treatment.

With the sacking of Baghdad by the Golden Horde in 1258, the enlightened Arabian
civilisation began to disintegrate and in two centuries, was largely replaced by the
Ottoman Empire. Meanwhile the Christian world was languishing in the mediaeval
era, and such medicine as there was owed its existence to the monasteries which had been
able to do little more than keep alive the Graeco-Roman heritage.

Towards the end of the fifteenth century came the Renaissance, and medicine shared
in a great revival of learning which spread throughout Europe. Early in the sixteenth
century, a Basle physician, best known by his own pseudonym of Paracelsus and
immortalised in verse by Robert Browning, separated from the urine of a patient by
evaporation a substance which he called salt but which we now know must have been
glucose.

More than a century later, Thomas Willis, sometime Sedleian Professor of Natural
Philosophy at Oxford, where he had written his famous Cerebri Anatome, and now a

fashionable London physician, wrote his equally celebrated Pissing Evil in which he
described the best urine analysis possible in his day, noted that the urine and its deposit
tasted wonderfully sweet as if of sugar or honey, and recommended an undernutrition
diet which must surely be regarded as the first recorded attempt at logical treatment.

Eighteenth century
Another century passed and Matthew Dobson, physician to the Liverpool Infirmary,
reported on a soldier dying from acute diabetes in 1772 and made the remarkable
observation and deduction respectively that the blood serum was opaque and contained
the same substance as that which was present in and gave the urine its sweetness, and
that a considerable quantity of saccharine matter is removed from the blood by the
kidneys in every case of diabetes.

The discovery of oxygen by Priestly in 1774 enabled the equally great Lavoisier
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to make the first investigations into basal metabolism and, with the identification of the
saccharine substance in the blood and urine as glucose by Chevreul in 1815, a new era
of research was established in diabetes which was to continue with ever-increasing tempo
to the present day.

Illustrious names abound and only a few may be cited. The renowned French
physiologist, Claude Bernard, made an immense contribution to our understanding by
his work on animal glucogenesis and his contemporary, Bouchardat, observing the
diminution of glycosuria in patients during the siege of Paris, ever afterwards emphasised
the importance of undernutrition in treatment and was the first to introduce fast days.

In 1869 Paul Langerhans, while still a student, identified the pancreatic islets which
bear his name but never lived to know their vital role. This was hinted at by Opie in 1873
when he noted that the islet cells of a girl who had died from diabetes were in an advanced
state of hyaline degeneration.
Nineteenth and twentieth centuries
Between 1889 and 1912 came a series of brilliant experiments and manoeuvres involving
the pancreas. First, Minkowski established the essential nature of the pancreas in
glucose metabolism. He was followed by Vassale who pinpointed the islets as the seat
of the morbid process, and then came Massiglia who confirmed the previous findings
and postulated that carbohydrate metabolism is governed by an internal secretion from
the islets.

Meanwhile, clinicians were making observations which threw light on the mystery
of ketosis and coma. Kussmaul described the "great loud breathing" which precedes
death and bears his name, demonstrated acetone in the blood as well as the urine, and
established ketosis as the expression of a profound metabolic disorder. His immediate
successors, Naunyn and Magnus Levy, insisted that, when carbohydrates are lacking
or not being utilised normally, fats are imperfectly metabolised so that intermediate
substances like diacetic acid appear. It was another contemporary, Rosenfeld, who
coined the vivid phrase "fats burn in the flame of carbohydrates".

Although physicians were to remain almost helpless in the presence of severe ketosis
or coma, steady progress was nevertheless being made in the management of diabetes.
Naunyn enunciated principles of diet which are applicable today and, noting the rise
in sugar tolerance if patients' urines were kept sugar free, advocated reduction of total
calories as well as of carbohydrates.

Later came Allen with his undernutrition diets inspired by his observations that
diabetes tended to regress in cachectic conditions. He was supported by Joslin who
had noted the diminution of glycosuria and ketonuria in a wasting patient with pulmo¬
nary tuberculosis, while George Graham arrived at like conclusions independently and
introduced his well-known ladder diet. There is no doubt that the efforts of these
workers, and of others in the field such as McClean, met with much success, and that
many diabetics were enabled thereby to survive into the security of the era which was
imminent.

Insulin
In 1922, Banting, after working for a year in McCleod's Laboratory in Toronto in
collaboration with Best, Collip, and McCleod himself, prepared an extract of islet tissue
which reduced hyperglycaemia in depancreatised dogs.

He then gave a series of injections of the extract to a doctor who was seriously ill
with diabetes and soon restored him almost to full vigour. Zuelzer had done similar
work some years earlier and successfully reduced glycosuria in several human subjects,
but he had encountered unpleasant and even alarming side-effects in all of them and had
abandoned the treatment as dangerous. It is likely that some of these manifesta-
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tions were hypoglycaemic; Banting was to have similar experiences in his subsequent
cases but his first venture however was a dramatic success and therein lay his good for¬
tune for, having been successful once, he knew he could be again.

The year 1922 must be regarded as the beginning of the modern era in the treat¬
ment of diabetes mellitus. An effective replacement therapy had become available and,
properly used, it offered new life to sufferers the world over.

The mortality among young patients was formerly so high that few survived to
marry and procreate, while even those who would not normally need insulin were in
mortal danger in the presence of any compication such as an infection or a surgical
operation. Coma was a death's head which menaced every diabetic in greater or lesser
degree.

It is difficult to overstress the influence which the new therapy had on both the
management of and research into the problems of diabetes, and few would dispute that
it was at that time the most outstanding therapeutic discovery ever known. Those of
us.a dwindling band.who can recall the comatose, dehydrated diabetic of pre-insulin
days, with air hunger and breath smelling of decaying apples, will remember also the
futility of the often elaborate treatment.

Ketosis is still common but coma is rare and, when it is allowed to develop, it
demands the efforts of a skilled team even today, but with this difference, that such
efforts may now be directed hopefully.

A dramatic commentary on the efficacy of the new treatment is provided by the
figures of the Metropolitan Life Assurance Company of New York. Of all known deaths
among diabetics, coma was given as the cause in 65 per cent of cases in the 15 years prior
to 1914 and, in the eight years following, although the figure was substantially reduced
thanks to the efforts of Allen and others, it still averaged more than 40 per cent. In 1923
it was 15 per cent and, as the years have passed, so has the figure dropped. Today it is
only a fraction of one per cent and low rather than high blood sugar now produces
moments of drama.

Soluble insulin
For about 13 years the only type of insulin available was one characterised by an action
which started quickly, was continuously strong and, depending on the size of the dose,
lasted from six to eight hours. This was soluble insulin.

It was found to be predictable and flexible, and we learned much about its use in
relationship to diet and exercise. Its one disadvantage, especially in children, was its
comparatively short duration of action which meant, usually, two or more injections
daily. Research into the production of an insulin which would last for 24 hours became
intense.

Long acting insulins
In 1935, Hagedorn added protamine, a fish protein, to soluble insulin and produced a

preparation with an action which had a delayed start but lasted about 15 hours. This
was delay or protamine insulin. In quick succession came protamine zinc, globin, and
isophane insulins with varying degrees of delay and of strength of action and each having
its advocates and enthusiasts.

Protamine zinc insulin with an action prolonged to 24 hours or more was the
preparation most generally used in this country, while isophane insulin, or N.P.H.
insulin as it is known in America, where it has always been extensively prescribed, was
slow to gain recognition here. Now, many believe it to have been the best of the four,
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particularly in difficult and unstable cases. All these tended to give rise to mild allergic
reactions owing to added protein, but isophane was least likely to do so as it had no
free protamine and, for this reason, it had the further advantage that soluble insulin
could be mixed with it without being converted to protamine insulin.

In 1954, Hallas Moller introduced insulin zinc suspension in three forms. By adding
minute amounts of zinc to soluble insulin and buffering with acetate, he had, without
adding further protein, produced a suspension which, provided the pH was kept between
seven and eight, separated into two forms. One was amorphous with a strong action
of rapid onset and a duration a little longer than that of soluble insulin, while the other
was crystalline with a delayed and weak action of even longer duration than that of
protamine zinc insulin.

The former he termed 'semilente' and the latter, 'ultralente', and it was found that
a combination of three parts of semilente to seven of ultralente, and termed 'lente'
insulin, kept a surprisingly large number of diabetics adequately controlled on a single
morning dose despite the lack of flexibility of a fixed ratio.

Greater flexibility, if necessary, could be achieved by varying the proportions of
the two constituents, while an advantage which all three enjoyed over the older insulins
was the diminished tendency to allergic reactions owing to the absence of added protein.
It is now common practice to introduce new patients to insulin zinc suspension as soon
as possible. A diminishing number remains faithful to the older preparations however,
and it is indeed right to leave well alone if control is satisfactory.

However often administered, exogenous insulin cannot parallel the subtle variations
in endogenous supply which occur from minute to minute to meet the ever changing
metabolic needs of a normal individual. Even soluble insulin in multiple doses, the most
effective treatment of all, is but a compromise. None of the prolonged action insulins
is ideal, but they have satisfied a very human need and together have enabled us to also
learn more about the management of diabetes.

Finally, in emergencies like coma or pre-coma and in complications such as acute
infections, surgical operations and parturition, soluble insulin in divided doses and with
carbohydrate is, if only for a short time, obligatory.

Sulphonyluric drugs
From times immemorial, all kinds of drugs and plant extracts have been given by the
mouth in diabetes, and claims made that they increased sugar tolerance and reduced
or even abolished glycosuria. Their number is legion and their consideration may be
dismissed with the observation that some were dangerous poisons, while others achieved
improvement through the severe dietetic regime which was also used.

In 1918, came the accidental discovery that the increased level of guanidine in the
blood following parathyroidectomy was accompanied by lowering of the blood sugar,
and that injections of guanidine into animals produced convulsions associated with
hypoglycaemia. Further research produced a diguanide which was known as synthalin
and which, given by mouth, enjoyed some success in the less severe types of diabetes.
The larger doses which some doctors were tempted to use however produced unpleasant
and often dangerous side-effects, and examples of alimentary, hepatic and renal disorder,
and even deaths were reported. The drug therefore rightly passed from favour and ceased
to be employed by reputable doctors after the introduction of insulin.

Sulphonamide derivatives
Investigators nevertheless continued to look for blood-sugar-lowering drugs, and the
next discovery of note was the sulphonamides. While investigating the antibacterial
activity of one new preparation, it was observed that the subjects sweated, became



42 S. F. Marwood

hungry and tremulous, and had low blood sugars. The new substance was a butyl
preparation, carbutamide.

After the usual clinical trials, the drug was marketed under such trade names as
'InvernoP and 'Nadisan' and found to be effective, but increasingly there came reports
of skin rashes, liver damage and jaundice, gastric disorder, and deaths. Its use therefore
was largely abandoned, especially as a safer drug was at hand. This drug was another
butyl preparation, tolbutamide. Marketed as 'Rastinon' in this country and 'Orinase'
in America, it has been found to have a wide safety margin and a consistent hypoglycae-
mic action. Side-effects have proved trivial and no serious disturbances or deaths have
been reported.

A year or two later chlorpropamide, a propyl compound, was introduced, and
although more powerful than tolbutamide, it proved to have a much smaller margin
of safety owing to rapid absorption and slow elimination. Its effectiveness is considerable
and undoubted, but care is needed to avoid mishaps.

Dosage should never exceed 500 mg daily and is better kept at 250 mg. Indeed it is
probable that a patient who requires a daily dose of 500 mg or more continuously in
order to maintain reasonable control of glycosuria is not a suitable candidate for the
drug. Whether or not to pay the price of increased toxicity for greater potency is of
course a matter for individualjudgment, and it is true that the occasional patient responds
better to chlorpropamide than to tolbutamide. However, it is well to remember that
tolbutamide has been shown to be both safe and effective in doses of three grams daily
although a maintenance dose of more than two grams is seldom necessary, while many
patients do quite well on one gram.

Other, somewhat similar compounds have been tried with varying success but have
not come into general use, and tolbutamide and chlorpropamide still hold the field in
this class of drug.
Indications
Briefly, patients for whom the sulphonyluric drugs are indicated have the disease mildly
and need no more than 30 units of insulin daily and have no history of ketosis. These
drugs probably act by stimulating the production and release of insulin from the beta cells
of the islets since they are ineffective in depancreatised animals, in humans who have
had a like operation, and in acute diabetics with scanty functioning islet tissue.

It is not surprising therefore that only rarely are they of service in children or young
adults, and that elderly patients who are not much overweight and with a short history
of diabetes are those who benefit most.

Biguanides
It was predictable that investigators, recalling the partial success of guanidine derivatives
in the past, should again turn their thoughts to this class of compound in an effort to
find a preparation which had a wider application than the sulphonylureas and was safer
than synthalin.

In 1957, Unger introduced a biguanide named phenethylbiguanide, or D.B.I., and
which is now marketed and known in this country as phenformin (Dibotin). Related dis¬
tantly to synthalin, 'Dibotin' is rather less potent but considerably less toxic. Examples
of systemic toxicity are unknown but troublesome gastro-intestinal effects such as

anorexia, nausea, vomiting and diarrhoea have been experienced with the larger doses,
and the daily amount of the drug should not exceed 100 mg.

The duration of action of a safe dose is about eight hours and it is best given after
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meals in slow release capsules which each contain 50 mg. The mode of action is unknown
but what is certain is that, unlike the sulphonylureas, phenformin does not act on the
islets since it is effective after depancreatisation and in acute diabetics.

From time to time, patients are encountered who respond to one of the two main
sulphonyluric drugs but not to the other. Very occasionally a patient responds to neither
and is an example of what has been termed primary failure. Secondary failure is said
to occur when a patient who has been satisfactorily controlled for a few months begins
to relapse. In both types of failure, phenformin is useful either as an alternative or as an

adjuvant to the failing sulphonylurea.
Lastly, a valuable use for phenformin is in acute diabetics in whom its ability to

lower blood sugar may be exploited to reduce the insulin dosage and thus lessen the
tendency to hypoglycaemic reactions.

Diet and exercise

These are two of Joslin's three variables, the other of course being insulin, and each is
an important factor in the management of diabetes. In the maturity-onset overweight
diabetic, dieting and weight reduction are essential treatment, and such patients seldom
need insulin except as a temporary measure in an emergency. A low calorie diet under
watchful eyes in hospital is one matter but at home it is another, and human frailty
seldom permits for long an irksome diet without constant encouragement and exhorta¬
tion.

The acute diabetic also benefits from dietetic supervision. Diet has, of course, to
be more liberal and to take into account not only such factors as growth and physical
effort but also those times of the day and night when the particular insulin is acting
most strongly and hypoglycaemia is most likely.

Insulin itself stimulates appetite and, if left to their own resources, patients tend to
over-eat and put on weight. It has long been known that rising body weight is accom¬
panied by diminishing sugar tolerance and therefore by an increasing glycosuria which
in turn demands more insulin: so a vicious circle is established. Obesity, a general life
shortener, is the especial enemy of the diabetic and of those hereditarily disposed to
diabetes. If patients are kept slightly below their ideal weights, their insulin requirements
are minimal. Large doses, in the absence of complications, are seldom needed if over¬

eating is avoided and enough exercise taken.

Exercise lowers the blood sugar by stimulating the utilisation of sugar in muscles
and, with sense, is a valuable part of treatment. Indeed, after a period of bed rest, it is
usually desirable to re-adjust the insulin dosage downwards in order to avoid hypo¬
glycaemia as patients resume their normal activities, while the need for adjustment of
insulin dosage and for taking of sugar at critical times is familiar to intelligent athletes
and games players.

A note of caution however, strenuous effort may be harmful in acute and poorly
controlled diabetes in which it increases glycosuria and induces or accelerates ketosis
by aggravating the disturbed fat metabolism.

Insulin antagonists
There are those who maintain that diabetes is always due to the presence in the blood
stream of an insulin antagonist in excessive amounts and, in the widest sense, they are
correct if, included among antagonists, are agents which act by injuring the beta cells
and limiting the production of insulin. Many antagonists are known and may be classi¬
fied as immunological and non-immunological.
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The capacity of such endocrine products as for example growth hormone and
ACTH, thyroxine, steroids, adrenaline, lactogen and 'Glucogon' to oppose the pro¬
duction or action of insulin, either directly or indirectly, has provided a rich field of
research. We now know why diabetes may develop in acromegaly or Cushing's syndrome,
in thyrotoxicosis, in the adreno-genital syndrome or again in pregnancy and, conversely,
why hypoglycaemia is often a feature of Simmond's disease, thyroid insufficiency and
Addison's disease, and why it may pose a problem if steroid treatment is withdrawn
too rapidly.

Research into the chemistry of the metabolism not only of sugar but also of fats
and protein, in both normal and diabetic subjects, has produced new information and
further emphasised the complexity of the processes. Fatty acids and ketones are them¬
selves insulin antagonists, thereby at least partially explaining the often enormous doses
of insulin needed in the treatment of diabetic coma.

Recently, insulin antagonists arising from the immunological response to foreign
proteins have attracted interest. Circulating antibodies are probably the commonest
cause of insulin resistance and their development to exogenous insulin may be regarded
as inevitable. The reaction is seldom serious in the acute diabetic who takes the antigen
daily over a long period but, in the maturity-onset diabetic who needs insulin only
occasionally, antibody formation may be considerable, and it is fortunate that this type
of antagonism tends to disappear eventually.

It has been suggested that the rise in insulin requirements, often considerable, which
diabetics experience during infections, is due to the appearance of antagonists of unknown
origin and nature. It is likely that they are toxins of the infections themselves but, even

so, we do not know how or where they act. It is however significant, and again fortunate,
that the increased requirements subside with control of the infection.

Much work has been and is still being done on this fascinating and complex problem.

Conclusion

Although we have come a long way since the early investigators, many problems remain.
Indeed they have multiplied. As a result of the brilliant preceding research and discoveries,
diabetes mellitus was regarded in 1922 as an entity but, half a century later, we know that
the concept of a primary islet cell failure to explain all cases is no longer tenable.

We now regard the condition as a syndrome and realise that it may result from an

interruption of a complex chain of metabolic processes at any one of numerous points,
and the search for enlightenment has extended ever more deeply into many realms of
knowledge.

The electron microscope has opened up new vistas in the field of tissue exploration
and has, for example, enabled the islet cells to be studied at magnifications of 18-24,000
compared with the 1,000 diameters of the ordinary optical instrument. Genetic influences
and the concept of pre-diabetes have occupied many minds recently and today, new

problems are posed by the techniques of organ and particularly pancreas and liver
transplantation. The changed picture of diabetic death has increasingly focused
attention on the problems of cardiovascular and renal disease, neuropathy, and retino-
pathy.

To aim at keeping within normal limits the blood sugars of our patients may be a

counsel of perfection, but most of us believe that such an aim is based on physiological
principles, that we should strive to achieve such normality over as great a part of each
24 hours as possible, and that the means are perhaps less important than the end.
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Further we believe that the onset of the characteristic complications will, at the worst,
be postponed by consistently good control and, at best, avoided.

Although rarely profitable, speculation on what the future holds has ever been a
fascinating exercise and, in diabetes in particular, we may well wonder what advances
there may be, not in the next half-century, but in the next decade.

REFERENCES

Bloom, A. & Richards, J. G. (1961). British Medical Journal, 1, 1796-1799.
Downie, E. (1955). British Medical Journal, 2, 863-867.
Gurling, K. J., Robertson, J. A., Whittaker, H., Oakley, W. & Lawrence, R. D. (1955). British

Medical Journal, 1, 71-741.
Joslin, E. P., Root, H. F., White, P. & Marble, A. (1959). Treatment of Diabetes. London: Kimpton.
Malins, J. (1968). Clinical Diabetes Mellitus. London: Eyre & Spottiswoode.
Marwood, S. F. (1950). St. Bartholomew's Hospital Journal, 54, 98, 128 & 158.
Oakley, W. G., Pyke, D. A. & Taylor, K. W. (1968). Clinical Diabetes and Its Biochemical Basis. Oxford

& Edinburgh: Blackwell.

The British Postgraduate Medical Federation has now published its programme of Courses
for General Practitioners for the period January to August, 1973. These programmes
will be distributed automatically to General Practitioners in the National Health Service in
the four Metropolitan Regional Hospital Board Areas, through their local Executive
Councils.

Any other Practitioners wishing to receive a copy of this programme, should forward
a stamped, addressed, Foolscap envelope to:

G. P. Department, British Postgraduate Medical Federation, 33 Millman Street,
London, WCIN 3EJ.


