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beide die Kaap tadse en die Johanne burgse groepe was bly
om te merk dat behandeling met tolbutamied 'n gunstige
reaksie uitgelok het by verskeie te maer Iyers aan ligte dia
betes; hulle kon meer eet en het etter geword, terwyl hul
gliko urie afgeneem het.

Oor die algemeen stem die twee groepe werker aam oor
al die belangrike punte. 'n Teleur telling wat albei groepe
ondervind het was die ver legtiog in die iektebeheer wat
by ver keie pasiente voorgekom het na enige maande van
tolbutamiedbehandeling. Schneider et al. 3 meen dat dit
te wyte is aan die feit dat die pa iente minder noukeurig op
hul dieet begin let het, en het opgemerk dat die pasiente
almal vetter geword het. Dit kan ook wees dat die eintlike
uitwerking van die middel ook geneig is om te vervaag.
ln elk geval i dit belangrik om op die hoede te wees vir
enige tekens dat die beheer van die iekte verswak.

Hoewel tolbutamied 'n groot stap vorentoe i in die
behandeling van suikersiekte, kan die ware belangrikheid
daarvan nog nie bereken word nie, en dit kan gewis nie
die waarde van insulien oortref nie. Eintlik is dit amper
meer 'n geleentheidsmiddel dan 'n onontbeerlike middel.
Ons moet verwag dat dit die voorloper sal wees van ander,
kragtiger mondelikse diabetesbestryders, maar dusver is
daar nog geen ander middels van die soor! wat algemeen

.gebruik kan word nie. Geneeshere moet gewis wegbly van
die ander mondelikse preparate wat in hierdie land deur
verskillende fabrikante aangebied word.
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weight, gro polyuria and weakne . But in the mild ca e
at lea t, diet come first. lncidentally both the ape Town
and Johanne burg group were pleased to note good re-
pon e to tolbutamide therapy in e eral 0 er-thin mild

diabetics who were enabled to eat more food and gain
weight, while their glyco uria declined.

ln general, the two group of worker agree on all im
portant point. One disappointment noted by both was the
deterioration in diabetic control which occurred in a number
of patients after some month on tolbutamide. Schneider
et aP think that thi occur becau e the ubjects become
lax about their diet, and they noticed that they all gained
weight. lt may be that the actual effect of the drug tends
to wear off also. ln any event it i important to watch for
any wor ening of control.

Although tolbutamide i an advance in diabetic therapy
its true importance cannot yet be asses ed, and certainly
it cannot rival insulin in value. It i almost more a drug
of convenience than of neces ity. We must expect it to be
the forerunner of other and more powerful oral anti-diabetic
agent, but as yet there are none which can be generally
used. Certainly the other oral preparations offered by

arious people in this country should be trictly left alone.
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Since 1955 a great deal of interest has been stimulated in
the treatment of diabetes mellitus by the introduction of oral
substitutes for insulin.1 . 3 The original substance used was

-sulphanilyl- '-butyl-carbamide, also known as carbuta
mide, BZ 55, or adisan. It soon became evident that,
although certain diabetic could be controlled with carbuta
mide, toxic effects con tituted a hazard. Kirtley" reported
on 8 deaths in 7,193 cases treated. These toxic effects con
sisted of generalized sulphonamide ensitivity, agranulo
cytosis, thrombocytopenia, and hepatic and myocardial
changes. The use of carbutamide has therefore been dis
continued and it has been superseded by a new substance

-(4-methyl-benzenesulphonyl)- '-butyl-urea, known as tol
butamide, D 860, Rastinon, Orinase or Artosin.

Tolbutamide' has been the subject of clinical trial by many
workers in different countrie , and it is estimated that 150,000
patients have been treated. The hypoglycaemic effect i

similar to that of carbutamide but the toxic effects are
minimal. Allergic skin ra he , gastro-inte tinal ymptom,
leucopenia and thrombocytopenia5 , 6 have been reported,
but these have not been severe. The re ults of numerou
clinical trials have revealed that tolbutamide i ucces ful in
controlling the hyperglycaemia of a highly selected group of
diabetic patients. Dunlop' has described as follow the type
of diabetic mo t likely to re pond:

1. They should have developed the di order over the age
of 40 years.

2. They shquld have shown no previous tendency to
develop keto is ea ily.

3. Their daily insulin requirements should not exceed
40 units.

4. Their fa ting blood gluco e when receiving no in ulin
should not exceed 300 mg. per 100 ml.

ot all patients conforming to the e criteria re pond to
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tolbutamide and the mo t recent Briti h re ults show adequate
control in only 52 % of the e cases.

Although these substances have been used for about 2 years,
their exact mechanism of action has not been elucidated.
It has been shown that they are effective only if some insulin
is being produced by the patient and that they usually fail
in the insulin-deficient patient.9 They do not simulate insulin
by increa ing peripheral utilization of gluco e. 1O A they
have no effect on the depancreatized subject it has been
sugge ted that they act by timulating the production of
insulin by the B-cell of the islet of Langerhan. 1l Other
workers12 have shown that they prevent the output of glucose
from the liver by interfering with enzyme systems.

A most important aspect, which will be answered only after
several years of observation, is the effect of tolbutamide in
preventing, po tponing or controlling the late manifestations
of diabetes. At the moment we know that it lowers the blood
sugar in certain patient, but we are ignorant of its effect on
other metabolic proce ses in the diabetic. Elucidation of this
problem will determine whether tolbutamide has a place in
the long-term treatment of diabetes.

Two of the pre ent authors reported on their early experi
ence with carbutamide and tolbutamide in a previous
publication. 13 The object of this paper is to report further
on our experiences with tolbutamide.

SUBJECTS A D METHODS

105 patients attending the Diabetic Clinic of the Johannes
burg General Hospital were selected for tolbutamide therapy.
The consi ted of 17 males and 88 females between the age
of 43 and 84 years. The duration of diabetes varied from
2 months to 30 years, and the age of onset from 36 to 75
years.

During the course of the investigation these patients have
attended the clinic regularly for periods of up to I year. They
were seen at frequent intervals by at least one of the authors
and were instructed to test their urines for sugar with
Benedict's olution 4 times daily (before each meal and at
bedtime). They were told to report immediately if any un
toward symptoms occurred (sore throat, rash or temperature)
or if urine tests were unsati factory. All side-effects were
carefully observed whenever they appeared.

The dosage of tolbutamide did not exceed 3 g. daily. A dose
of 3 g. was employed on the first day, and this was decreased
by O· 5 g. per day until a maintenance dose of I .0 - I· 5 g.
daily was reached. Initially the total daily dose was given
before breakfast each morning but, as several patients experi
enced hypoglycaemic symptoms of giddiness and headache
during the morning, the plan adopted was to administer the
drug in 3 equal doses either before or after meals.

Where the previous dose of insulin did not exceed 20 units,
insulin was di continued on the day that tolbutamide therapy
was instituted. Where the dosage exceeded this amount,
insulin was gradually withdrawn by reducing the dose by
5-10 units per day. ]f symptoms and signs of ketosis appeared
during this regime, tolbutamide was discontinued and the
patient re-stabilized on insulin.

Blood counts, prothrombin indices, liver function test~ and
blood-urea estimations were carried out at frequent intervals.
Protein-bound iodine and serurn-inorganic-phosphorus esti
mations were performed on about half the patients.

The true blood sugar was determined by the method of

King and Garner,!' the serum cholesterol by the method of
Pearson et al.,l. the serum protein-bound iodine by the
method of Meyer et al.,16 the serum inorganic phosphorus by
the method of Briggs,17 and the serum potassium with an
Eel flame photometer as described by VarIey.18

The efficacy of treatment has been assessed according to
our previous criterial3 and the cases have been classified into
'good', 'fair' and 'poor' categories. The 'good' category
consists of those cases in whom (a) insulin where used has
been discontinued, (b) urine examinations at home and at the
clinic have proved satisfactory, (c) blood sugars have been
maintained at normal or near normal levels, and (d)
the patients are feeling well and there are no side-effects.
The 'fair' category consists of those patients in whom
(a) insulin where used has been discontinued, (b) urine
examinations at home and at the clinic have shown 0 to ++
glycosuria, (c) the blood sugar has not been maintained at
normal levels but has been reduced appreciably, and (d) the
patients are feeling well and there are no side-effects. The
'poor' category contains those cases who have shown little
or no response.

RESULTS

'Good' Category. Control was good in 45 of the 105 cases
(8 males and 37 females). The ages of this group varied
between 43 and 77 years (average 61·9 years). The diabetes
had been present from 3 months to 20 years (average 6·4
years); 13 of these 45 cases had been diabetic for 10 or more
years. The age of onset of diabetes varied from 36 to 72 years.
The group comprised 5 thin, 20 medium and 20 fat individuals.
Patients with and without late manifestations of diabetes
were included in this group. Of the 45 patients, 20 (44 %) had
been treated previously with insulin and the largest daily dose
replaced by tolbutamide was 60 units (PZI 30 units + soluble
insulin 30 units).

'Fair' Category. Fair control was obtained in 25 cases
(6 males and 19 females). In this group the age ranged
between 54 and 84 years (average 63· 9 years), and the duration
of diabetes from 2 months to 15 years (average 5· 4 years).
Body build was again variable, 4 patients being thin, 8 medium
and 8 obese, and cases with and without late manifestations
of diabetes were included. Of the 25 patients, 9 (36 %) had
been treated previously with insulin and the largest daily dose
replaced by tolbutamide was 70 units of NPH insulin.

'Poor' Category. The control was poor in 35 cases (3 males
and 32 females). The ages varied between 49 and 80 years
(average 61·9 years) and the duration from 7 months to
30 years (average 9·8 years). Variation in body build was
again noted, 6 patients being thin, 9 medium and 17 obese.
Late manifestations of diabetes were present in some of the
patients. Of the 35 patients, 23 (66 %) had been treated
previously with insulin. The age of onset varied from 38 to
74 years. Insulin dosage ranged from 0 to 60 units.

These results are demonstrated in Figs. 1, 2 and 3.

Change in Control

A change in control has occurred in 8 cases, all of whom
were included in the series previously reported. Of 7 in the
'good' category, 5 have deteriorated to 'fair' control, and 2 to
the 'poor' category, while I case under 'fair' control has now
regressed to the 'poor' category. There have been several
cases in our series who have felt so well while taking tolbuta-
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mide despite poor diabetic control that they have refused to
discontinue the drug. Insulin has therefore been added to
improve the control, but the dose has usually been less than
that previously required.

Laboratory Investigations
The laboratory investigations did not reveal any gross

abnormalities. The main haematological change noted was a
frequent reversal of the neutrophiIjlymphocyte ratio. This
was not a permanent feature; all cases reverted to normality
while still on treatment. The cause of this interesting
phenomenon has not been ascertained.

In one case, a leucopenia of 2,900 per c.mm. (neutrophils
37 %and Iymphocytes 63 %) occurred after a period of normal
counts. Treatment with tolbutamide was continued and
within I month the count had increased to 6,800 per c.mm.
(neutrophils 44 % and leucocytes 42 %). The blood picture
has remained normal during the past 4 months.

Alteration in liver function tests occurred in 2 patients
during treatment. In one normal tests became markedly
abnormal but no clinical change was evident; in the other
an aggravation of previously abnormal tests occurred after an
interval of 8 months.

Prothroml;>in indices were not affected.
The determinations of inorganic phosphorus, potassium,

cholesterol and protein-bound iodine which were performed
during treatment are shown in Table J. The pho phorus and
potassium results showed no abnormality, except in one ca e
where the potassium was raised. 0 cause for this was
ascertained. There was little correlation between the choleste
rol level and the degree of diabetic control. The erum

TABLE I
Normal

Serum Mean Range Values
Inorganic pho -

phate '. 3·3 mg./IOO ml. J·8-4·4 2·0-4·0
Potassium 4·9 mEq./1. 4·J-6-4 4-4-5-1
Choleslerol 284 mg./100 ml. J70-450 120-250
PBi 6· 2 /Lg'/ J00 mJ. 3·2-J6·0 3·5-8·0

protein-bound iodine value varied widely. A low erum
protein-bound iodine result of 3 -2 microgram per 100 ml.
was ob erved in one case and high value of 10·2, 14-0 and
16· 0 ,.,.g./ lOO ml. in 3 patients. The high results may have been
due to the ingestion of iodine-containing medicine. We were
unable to demon trate any depression of thyroid activity
re ulting from tolbutamide therapy.
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Side-effects

Side-effects were minimal. Two patients were unable to
tolerate the drug becau e of nau ea which supervened.
Another ca e developed moderate angioneurotic swelling
of the face.

A patient who had suffered a vitreou haemorrhage in the
right eye while on 35 units or"lente insulin, developed another
haemorrhage in the left eye while on tolbutamide therapy.

patient who wa receiving l20 units of oluble insulin
per day in 2 divided doses developed keto is when the insulin
was reduced and tolb'utamide added. For a period of I week,
while further attempts to control him were per evered with, he
varied between hypo- and hyperglycaemia, and only returned
to his normal control when the use of tolbutamide was
abandoned. Hi previous dose of in ulin wa well able to
control him and he ha remained under good control since.
This case emphasized the danger of using tolbutamide in
patient requiring large do es of insulin.

DISCUSSIO

Analysis of tolbutamide therapy in 105 diabetic cases reveals
good control in 42·9 %of ca e , fair control in 23·8 %, and
poor control in 33· 3 %. Our results are in accord with the
finding quoted by the workers of 3 leading British hospitals
at the 11th Banting Memorial Meeting in July 1957,19,20 who
reported satisfactory control in 52 %of their cases. The pro
portion of successful cases published by other authors varies
enormously and is dependent to a large extent on the choice of
patients and the criteria adopted for assessing adequate
control.

The patients elected for treatment were all over the age
of 43 years and the majority over 60. Previous workers
have shown that this age-group responds most satisfactorily
to tolbutamide and that the drug usually fails in the younger
insulin-deficient diabetic. However, it must be noted that the
youngest age at onset in the 'good' category was 36 years, and
that 29~;;; of the e ca es had been diabetic for 10-20 years.

Most of our patients were between medium and obese and
only 14 %could be classified as thin. The majority of workers
in this field are agreed that obese diabetic patients should be
treated with dietary restriction only, as this measure will
achieve adequate control in a large percentage of cases.21

However tolbutamide has a definite advantage in the treat
ment of those obese patients in whom dietary restriction
fail. 1t mu t be empha ized that the e patient hould be
warned not to become careles over their diet. Such negligence
will lead to further gain in weight and deleterious effects on
the patient's health. In contra t, tolbutamide may be of great
value in the treatment of elderly thin diabetics who are unable
to regain their normal weight. We have found that tolbuta
mide will maintain good control when the e patients partake
of a more liberal diet.

The usual maintenance do e of tolbutamide has been
I .0 - I· 5 g. per day. Where control has not been adequate
thi has been increa ed up to 3 g. per day with slight im
provement in a few ca es.

Some workers have uggested that nau ea i less likely to
occur if the drug is admini tered after meal. In this eries,
however, no difference has been noted whether ·the drug was
given before or after meals.

Although effective control is often achieved within the first
week of admini tration, it is advisable to persist for at least
3 week, because the optimal effect may be delayed. .

o serious toxic effects have been noted during tolbutamide
administration, in contrast to the fatalities reported during
the treatment with carbutamide. Moreover, side-effects
have been minimal. Two of our patients were compelled to
discontinue the drug on account of nausea, and one patient
as a result of angioneurotic oedema. Similar side-effects have
been reported by other workers. 22

'
24

We have been particularly concerned with blood changes
which might occur during treatment. The most constant
change found was that of a reversal of the neutrophil/
lymphocyte ratio. This change was always temporary and
occurred in 9 of the 'good', 20 of the 'fair', and 8 of the 'poor'
cases. 0 explanation for this has been found, and it will be
necessary to do a similar series of blood counts on a control
group before it can be associated with the administration of
tolbutamide.

Severe leucopenia developed in I case in our series (2,900
leucocytes per c.m!.), but this disappeared in spite of con
tinuing the tolbutamide in unchanged dosage. St6tter2'

found a reduction of leucocytes in some cases of tolbutamide
treated diabetics, but found similar reduction in cases treated
with insulin.

The alteration in liver function tests found in several of our
cases during treatment cannot be considered as having special
significance in view of the common occurrence of abnormali
ties in liver function tests during the course of diabetes. 25

Clinically no symptoms or signs were noted to suggest any
liver dysfunction during the course of tolbutamide admini~

tration.
Protein-bound iodine estimations have not revealed any

alterations in thyroid function.
Infections, injuries and operations may disorganize diabetic

'control and it has been found that tolbutamide, even in
increased dosage, is unable to control the resulting hyper
glycaemia and ketosis. Insulin is then required as an
emergency measure. Several of our patients in the 'good'
category. have been successfully controLled while undergoing
cataract operations under local anaesthesia; the tolbutamide
has maintained adequate control during the operative and
post-operative period.

The presence of ketosis constitutes a definite contra
indication to the use of tolbutamide and it must be emphasized
that it is dangerous to continue with the drug in its presence.

Amongst our cases who were originally reasonably well
controlled, 8 have now deteriorated and stabilization is un-
atisfactory. Other workers have reported similar experi

ence .8, 24 The cause of this phenomenon has not been
elucidated. It is pos ible that the therapeutic effect of the drug
may diminish after a period. However, a more likely explana
tion i that the patients adhere less strictly to the prescribed
diet; we have noted that gain in weight has often accompanied
deterioration in control.

We have u ed a combination of tolbutamide and insulin
in a few patients who did not respond to tolbutamide alone.
The e patient have required a smaller dose of insulin, but it is
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doubtful whether the addition of tolbutamide has any
advantage over routine insulin therapy.

It is premature to speculate on the effect of tolbutamide in
preventing the late manifestations of diabetes. Thj will
require careful follow-up studies over many year and com
pari on with insulin-treated cases.

SUM 1ARY

1. 105 diabetic out-patients with an average of 61 years
were treated with tolbutamide.

2. Good control was obtained in 42· 9 % fair control in
23· 8 %and poor control in 33· 3 %.

3. 0 toxic and only minimal side-effects were en
countered.

4. A temporary reversal of the neutrophiljlymphocyte
ratio was found in 37 cases.

5. Deterioration in control has occurred in 8 patients after
several months of tolbutamide therapy.

6. The long-term effect of tolbutamide cannot be assessed
at this stage.

Our grateful thanks are due to Sister D. E. Maxwell and Staff
Nurse E. Smit for their loyal cooperation. We are indebted to
Dr. 1. Bersohn, Dr. H. B. W. Greig and Miss E. Hallendorff

of the South African Tn titute for Medical Re arch for their
technical a i tance, and to Mr. . Shevitz for the reprodu 
tion of the three graph.
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TOLBUTAMIDE (ARTOSIN, RASTINON, D 860) IN DIABETES *
CLl rCAL TRIALS CONTl lUED

W. P. U. JACKSO " M.D., M.R.C.P.

Diabetic Clinic, Department 0/ Medicine, eroote Schllllr Hospital, Cape Town, alld University 0/ Cape Town

We have previously reported our preliminary findings with
tolbutamide based on a short-term trial in 73 patients, t some
of which have been modified and extended by further experi
ence. For discussion of the chemical aspects of the substance
and of its mode of action the reader is referred elsewhere.
The object of this paper is simply to record our results up to
the end of June 1957 and to make certain recommendations
based upon them. I shall try particularly to indicate where
our approach or findings differed from previous reports.

THE PATIENTS

We have records of 250 patients who have been treated with
D 860 (tolbutamide), some in the ward and some in the
diabetic clinic. In the latter the patients have been seen as
far as possible at weekly intervals and have had regular blood
sugar estimations then performed (usually fasting). All
blood sugars were determined by a modified Hagedom
Jensen method. Weekly 24-hour urine collections have
been analysed for sugar in some cases; in others a note
has been made by the patient of his own tests throughout
the week; in a few, repeated glucose tolerance tests have
been carried out.

The dosage of D 860 in most cases has been I g. (2 tablets)
daily; in .several the maintenance has been higher, up to 3 g.
Only in special cases in hospital have higher doses been tried.

• Presented at the South African Medical Congress. Durban,
September 1957.

It is not feasible to analyse our results separately into different
dosage groups, but there is certainly very little difference
between the effects of I g. and of 3 g. If a patient doe not
respond at all to I g. he is very unlikely to respond to 3 g.
though he may respond omewhat better to the larger do e.

Incidentally tolbutamide is le cumulative than carbuta
mide (BZ 55) and hould be given in divided do es, 2 or 3 limes
daily.2 It i perhaps be t to take the drug after meals so a to
prevent the nau ea which it occasionally produces.

The change-over from in ulin to D 860 seems to us very
important for a scientific as essment of re pon e. Whenever
pos ible, where no ri k was thought to be involved, in ulin
was stopped completely for some time before D 60 wa
started. In this way a real base-line control could be establi h
ed. In a surprisingly large number of case where insulin had
been stopped, the patient remained a well controlled a
before, or even better, so that D 860 wa unneces ary. Had
it been used either with or immediately replacing in ulin it
would have got the credit for this improvement quite
erroneou Iy and the patients would have continued getting
unnece sary treatment. Several patients were found to be
much better controlled afler in ulin had been stopped than
they had been before they had originally started insulin
clearly sugge ting a real 'curative' or at least alleviating effect
of insulin! Thi finding further sugge ts that a review of all
'mild' diabetic on in ulin, with a view to omitting thi drug
where po ible, might prove mo t salutory and re\ arding,
quite apart from the u e of D 860


