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Summary. Twelve newly diagnosed and eleven pre-
viously unsuccessfully treated diabetics were included in a
strictly controlled cross-over trial comparing the efficacy
of glipizide with that of a placebo or the previous orally
administered antidiabetic drug. All newly diagnosed dia-
betics responded to glipizide and in eleven of them (91%),
the control of the glycaemia was ‘“‘excellent” or “good™.
In the cases with severe diabetes, glipizide achieved on
an average a better control of the glycaernia due to meals

Glipizide, a sulphonyleyclohexyl derivative, is a
new high-potency oral antidiabetic agent, the pharma-
cological properties and mode of action of which have
been reported by a number of authors [1—13].

In animal experiments, the substance has been
found to be active at very low dose levels which is
typical of the sulphonylureas of the second generation;
thus, its average daily dose in man is about 10 mg/day.
Like earlier sulphonylurea preparations, glipizide has
no effect on pancreatectomized animals.

No toxic effects have been found during long-term
treatment of rats and dogs with doses equivalent to up
to 60 times the optimal therapeutic dose. In acute toxic-
ity tests, the LD 50 has been found to exceed 5000 mg/
kg in mice and 4000 mg/kg in rats and guinea pigs.
The substance has no teratogenic effect in rabbits.?

The pharmacokinetic behavior of glipizide in
animals and man hag been studied by a number of
authors [3, 5, 9, 14, 15, 16] who have demonstrated
that, although glipizide has a chemical structure
which is closely related to that of the other sulphonyl-
ureas of the same therapeutic class, such as gliben-
clamide, there are substantial differences in the action
of glipizide and related drugs when administered to
man. Perhaps the most interesting differences, from
the point of view of the clinician, are the facts that
glipizide is very rapidly and completely absorbed
and provokes an insulin releagse which is more physio-
logical [15, 16]. Thus, it seems possible that the
favourable pattern of insulin release which follows the
administration of glipizide may be associated with
a reduced risk of hypoglycaemia.

Earlier workers [17—23] have described the results
of uncontrolled clinical studies and the present paper
reports the findings of a study which was undertaken
to determine the efficiency and tolerance of this new

1 Data on file Pfizer.

than that produced by the previous therapy. — Neither
hypoglycaemia nor side-effects have been observed. We
therefore conclude that glipizide is an effective and safe
high potency oral sulphonylurea.

Key words: Glipizide, sulphonylurea, diabetes treat-
ment, maturity onset diabetes, hypoglycaemic sulphon-
amide, oral antidiabetic substance.

antidiabetic agent when examined under strictly
controlled conditions; the present trial was also under-
taken to verify whether the promising characteristics
which glipizide had shown in the preclinical work,
bring some advantage to the clinician.

Materials and Methods

The design of this study has taken into account
the suggestions made for the evaluation of new anti-
diabetic drugs [24] by the Committee on the Use of
Therapeutic Agents of the American Diabetes Asso-
ciation. To our knowledge only one study along
these lines has been reported with other sulphonylurea
compounds [25]. As recommended, the trial includes
two types of patients comprising:

1. a group of severe cases treated for several
years with other sulphonylureas and either unsatis-
factorily controlled or recently hospitalized with
severe decompensation. (These subjects represent the
group of patients “who are not likely to respond”
and who are included in order to define the limits of
usefulness of the drug.)

2. a series of newly diagnosed, maturity-onset
diabetics (who represent the group of patients who
“on the basis of experience and existing knowledge,
are likely to respond”) [24].

The selection was limited to patients suffering
from maturity-onset non-ketotic diabetes, without
severe complications, and in whom adequate control
could not be obtained with diet alone. Patients with
severe renal or hepatic failure were excluded.

A total of 23 patients were included in the study;
12 of these were ‘“newly diagnosed” while the re-
maining 11 comprised the “‘severe diabetes” group.
The two groups were treated according to two different
cross-over treatment sequences, thus:
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a) The severe diabetics were divided at random

into two subgroubs comprising:

Subgroub A: — placebo for 4 weeks (when possible)
— glipizide for 3 months
— previous sulphonylurea for 3 months

Subgroup B: — placebo for 4 weeks (when possible)
— previous sulphonylurea for 3 months
— glipizide for 3 months

Initially it was planned to have a placebo period
between the two active treatment periods, but ex-
perience proved that this was impossible in view of
the severity of the diabetes in this group of patients.
It was also often necessary to shorten or even to
cancel the placebo period at the beginning of the trial
in view of rapid worsening of the condition of the
severely diabetic patients when active treatment was
withdrawn.

b) The “newly diagnosed” diabetics were distri-
buted at random into two subgroups where the
sequence of treatment was as follows:

Subgroup A: — diet alone for 3 weeks
— placebo for 4—8 weeks
— glipizide for 2 months
— placebo for 4—8 weeks

Subgroup B: —-diet alone for 3 weeks
— glipizide for 2 months
— placebo for 4—8 weeks
— glipizide for 2 months.

All of the patients were examined in the out-
patient department, apart from a few with newly
diagnosed diabetes, who were in hospital at the be-
ginning of the trial. Many of the patients who had
been previously treated were receiving a combination
of a sulphonylurea and a biguanide, and in most of
them the glycaemia was poorly controlled. In patients
who had been receiving this combined therapy, only
the sulphonylurea preparation was replaced during
the trial and the biguanide was maintained in a
constant dosage.

All patients were seen by the dietitian of the
department and received personal dietary instruc-
tions, which remained the same during all phases
of the observation period.

(Clinical examination included x-ray examination
of the heart and chest, recording of the electrocardio-
gram, and inspection of the ocular fundi — the
observations being made at the beginning and at the
end of the trial. In addition, repeated determinations
were made of the blood count, liver function tests,
serum - electrolytes, serum creatinine, wric acid,
cholesterol, triglycerides, and bodyweight. The pa-
tients were seen once a week until the dose had become
constant, and thereafter every third to fourth week.
At each visit, the blood glucose was measured with
the patient fasting and again one hour after breakfast,
which each patient received at the hospital.

The 24 h urine specimen was also examined at
each visit, in order to determine the presence or
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absence of albumin, sugar, and/or acetone. In cases
of glucosuria, the 24 h urine glucose output was
measured.

The initial dose of glipizide was 5 mg/day, except
in those cases in which the results of previous treat-
ment indicated that a higher starting dose could be
administered without risk of adverse effects. The
dose was increased as needed, by increments of 5 mg
at intervals of 4—7 days. All patients receiving up
to 10 mg of glipizide daily were given the drug in a
single administration at breakfast-time. Total daily
doses above 10 mg were split so that the patient
received 10 mg at breakfast and the second dose at
lunch (or later in the day at dinner, if the latter meal
was more substantial than the lunch).

The method of assay used for the glucose deter-
minations is the oxidase method performed in an
Autoanalyser.

Results

Patient details are shown in Table 1 and the
criteria for the classification of results are given in
Table 2.

1. “Severe Diabetes” Group
The results obtained in the 11 patients included
in this group are summarized in Tables 3 and 4 and
in Fig. 1.
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The first treatment period was at random, ‘““pre-
vious therapy” or “glipizide”: 6 patients were first
treated with their previous antidiabetic treatment,
while the other 5 received glipizide first. It was possible
to undertake the pre-treatment placebo period in
6 patients only for in the remaining 5 the severity
of the disease, or administrative or psychological
reasons, precluded such placebo administration.

Although, as mentioned in the introduction, no
substantial improvement could be expected, in these
very severe cases of diabetes, merely because they
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60.1 years. The average duration of the diabetes was
slightly over 5 years. The previous treatment was
tolbutamide in 2 cases, chlorpropamide in another
2 cases, glibenclamide in 3 cases and chlorpropamide
-+ phenformin in 4 cases. One of the cases previously
treated with chlorpropamide + phenformin, refused
to take this combination again after having received
glipizide for 3 months; the second treatment period
in this subject was, therefore, with ‘“phenformin
alone” (case No. 1),

From Table 4 and Fig. 1itis of interest to note that:

Table 1. Patient details

No. of Mean age  Sex Mean duration
cases and Range jale Female ©Of diabetes
(yrs) (Range)
Newly diagnosed 12 58.4 7 5
(42— 174)
Severe diabetics 11 60.1 5 6 63.4 months
(44 —176) (1-168)
Total 23 59.2 12 11
(42-76)
Table 2. Criteria for the classification of results
Degree of control Fasting blood glucose 1 h post-prandial 24 h glycosuria
(mg/100 ml) blood glucose (g)
Excellent <110 < 150 0
Good 110129 150—179 Traces — 9
Fair 130—149 180—199 10—19
Poor 150—219 200—299 20—39
Negative > 220 =300 >40

Remark: If three measurements fell into different categories, the middle criter-
ion was chosen in classifying the results; otherwise the criterion corresponding to

two measurements was chosen.

Table 3. Results in the group with severe diabetes

Degree of control Results with

Results of previous therapy

Glipizide (+ Phenf.) Total Phen- Tolbut-  Chlor- Gliben-  Chlorpropamide
formin amide prop. clamide + Phenformin

Excellent 1 2 1 1

Good 1

Fair 2 (1)= 2 1 1

Poor 5 (1)@ 3 1 1 1

Negative 2 (1)2 4 2 2

Total 11 11 1 2 2 3 3

@ Figures in brackets mean number of patients receiving phenformin in addition to glipizide.

were switched from one sulphonylurea to another,
it may be noted that two of the four patients who
were clearly failures under their previous treatment
experienced an improved degree of control during
therapy with glipizide.

Table 4 summarises the detailed results in each
patient. The figures given for the items “‘glycaemia”,
“urine glucose”, “‘cholesterol” and ‘‘weight”” are
means of 2—4 measurements performed during the
period when the patient was treated with the optimal
dosage regime of the relevant drug. The mean age in
the group, which included 5 men and 6 women, was
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— The average fasting blood glucose was the same
in the two treatment periods (194.7 or 195.5
mg/100 ml).

— The glycaemia measured 1 hour after breakfast
was clearly lower during glipizide treatment
(236.4 mg/100 ml) than when the patient was
receiving his previous treatment (261.1 mg/100 ml).
The difference between these two means is, how-
ever, not statistically significant since the number
of cases included is too small.

— A substantial improvement was obtained during
glipizide treatment as far as the renal excretion of

24
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glucose was concerned: a dramatic drop of the
concentration of glucose in the urine, and of the
24 h urine glucose output, was observed when the
patient received glipizide. For the same reason as
above, the differences are not statistically signi-
ficant.

— The daily doses mentioned in Table 4 for the drugs
used during the “previous drug” treatment period
are the optimal doses i.e. the dose level above
which previous experience in these patients had
shown that no further improvement of the control
of diabetes was obtained. The doses of glipizide
are those recommended by the manufacturer at
the time when the study was performed. In the
meantime other investigators have noticed im-
provement of control with doses of 25 mg and
30 mg per day. The recommended maximum dose
is now 30 mg/d. We have therefore to bear in
mind that the results reported for glipizide could
probably have been improved in some of the
patients if we had used the higher doses.

— No variations in the blood level of cholesterol or
body weight were noticed when the patients were
switched from one therapy to the other.

— In six cases [1, 3, 4, 5, 7, 8] in whom a pre-treat-
ment placebo period could be instituted, a clear
improvement was observed in 5 patients during
their “‘previous therapy” and a similar improve-
ment was seen in all 6 patients during therapy
with glipizide, when compared with the status
during the administration of placebo.

The mean values of the glycaemia measurements
in these 6 patients were as follows:

Fasting blood
glucose )

1 h post-prandia
blood glucose

Placebo 311.7 mg/100 ml  392.0 mg/100 ml
Previous Therapy 230.5 mg/100 m!  310.0 mg/100 ml
Glipizide 211.5 mg/100 ml  256.2 mg/100 ml

The lower mean values obtained for the urine
glucose output (see Table 4) confirm the improvements
recorded in the glycaemia values during active treat-
ment.

2. “Newly Diagnosed Diabetics” Group

This patient material has been subdivided, for
convenience of analysis, into two subgroubs according
to the type of treatment sequence each patient receiv-
ed at random.

Subgroup A received placebo plus diet for 4—8
weeks, followed by glipizide and diet for 2 months
and finally a second course of placebo and diet for
another 4—8 weeks. The results obtained during these
- three periods are presented in Table 5 and Fig. 2
which summarize the findings in the 4 patients in-
cluded in this subgroub. The figures given for the
items ‘‘glycaemia”, ‘“urine glucose”, ‘“cholesterol”,
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and “weight” are means of 2—4 measurements per-
formed during the last part of the placebo periods
and during the period when the patient was treated
with the optimum dose of glipizide. These values
clearly demonstrate the beneficial effect of glipizide
on the metabolic control in these newly-diagnosed
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Fig. 2. Newly diagnosed (subgroup A)

diabetics: during glipizide treatment the fasting and
1 h post-prandial blood sugar both fell to normal or
near normal values, while glucose disappeared from
the urine; when glipizide was replaced by placebo,
there was a return to the previous condition. These
results were obtained with an average dose of 9.4 mg/
day of glipizide. Some lowering of the cholesterolaemia
and body weight was also observed during glipizide
treatment and this improvement was maintained
during the second placebo period. According to the
criteria of Table 2, 2 of these 4 patients obtained an
excellent result and the remaining 2 patients a good
degree of control of their diabetes during glipizide
treatment.

Subgroup B includes 8 patients for which data
are available on 5 periods; comprising: no treatment;
diet alone; first glipizide treatment -+ diet; placebo
and diet; and finally, second glipizide treatment with
diet.

In all cases but one, the daily dose of glipizide was
similar in the two glipizide periods.

The results in these 8 patients are recorded in
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Tables 6, 7 and 8 and in Fig. 3. As usual, the figures
given under the headings “glycaemia”, “urine glu-
cose”, “‘cholesterol” and “weight” are means of 2—4
determinations performed during the last part of the
“diet alone” and ‘“‘placebo plus diet” periods and
during the periods when the patient was treated with
the optimum dose of glipizide. The figures given under
“no treatment” are results of a single measurement
made on the entry of the patient into the trial. The
data on “‘serum electrolytes’ are also results of single
measurements performed on entry into the trial and
at the end of the two glipizide periods and the “placebo
plus diet” period.
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Fig. 3. Newly diagnosed (Subgroup B)

Table 8. Results in the subgroup B of the newly diagnosed
diabetics. (Degree of Control)

Degree of Diet First Placebo  Second

control alone  glipizide +diet  glipizide
treatment treatment

Excellent 2 2 3

Good 5 2

Fair 1 1 1 3

Poor 4 5

Negative 3

The following interesting points arise from the
findings reported for this group:
~— the four parameters relating to carbohydrate meta-
bolism, i.e. fasting and one hour post-prandial
blood glucose, glucose concentration in the 24-h
urine, and 24-h urine glucose output, show a
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clear improvement when the patient is put on
diet and a further improvement when glipizide is
added to the treatment regime. Glucosuria dis-
appeared in all cases during the glipizide treat-
ment.

— the degree of control of the diabetes obtained at
the end of the first glipizide treatment was ex-
cellent in 2 patients, good in 5 and fair in 1.

— when glipizide was replaced by placebo, the status
of all 4 parameters deteriorated in most patients.
The placebo period is, however, too short to reveal
a complete return to the previous condition. In
two patients, the excellent or good control achieved
during glipizide administration was maintained
throughout the whole placebo plus diet period.
This indicates an improved islet function, a pheno-
menon which is known to be induced in many
patients by sulphonylurea treatment.

— when glipizide is reinstituted one observes the
reappearance of the expected improvement of the
4 parameters of glucose metabolism. Fig. 3 shows
that the mean values of the fasting and 1 hour-
post-prandial glycaemia are similar during the two
glipizide treatment periods and that the glucosuria
was eliminated in all cases.

— some improvement of the average cholesterolaemia
was observed during the two glipizide treatments

— body weight did not increase during glipizide
treatment

— glipizide had no significant effect on the serum
electrolytes.

Tolerance and Safety

No haematological or gastrointestinal side effects
were observed during treatment; and no impairment
of hepatic or renal function or disorder of the serum
electrolytes was noted. Neither were any ophthal-
mological, roentgenological, or electrocardiographical
changes observed at the end of the trial.

A female patient, 52 years old, complained of
symptoms suggestive of hypoglycaemia 1 to 3 h
after taking 5 mg glipizide at meals. The patient was
afterwards examined at the department of internal
medicine where she was given 5 mg glipizide at break-
fast on 2 consecutive days. The blood glucose was
determined every fifteen minutes for 5 h after she
had taken the dose. This exercise was repeated with
10 mg in a single dose, which she took at breakfast.
On one occasion, the patient complained of symptoms
of hypoglycaemia one hour after she had taken 5 mg
of glipizide, and the blood glucose was then 105 mg/100
ml. These symptoms responded to glucose by mouth.
During provocation tests the blood glucose never fell
below 63 mg/100 ml, and the patient did not experience
any other side effects to the 5 or 10 mg doses. It
should be pointed out that this patient was neurotic
and very suggestible, so that a relationship between
the symptoms and the administration of the drug is
unlikely.
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Another patient, a man 62 years old, developed a
mild, punctate, reddish skin rash which commenced
after 3 weeks’ treatment with glipizide and which
then increased in intensity during further treatment;
after 6 weeks’ therapy, glipizide was withdrawn and
the patient referred to the department of dermatology
for investigation. In that department it was con-
sidered that the rash was due to hypersensitivity to
a sulphonylurea. However, subsequent patch-testing
with glipizide in different concentrations proved
negative. The patient was afterwards admitted to
the department of internal medicine and a provo-
cation test was undertaken with 5 mg glipizide every
morning during the patient’s stay there. No skin
reaction or other allergic manifestation was observed
during one week’s observation. The patient has since
used glipizide for many weeks without any allergic
reaction of the skin or other organs.

Apart from the two cases requiring special assess-
ment, all patients tolerated the preparation well.

Special attention was given to the possible effect
of glipizide on blood electrolytes. The best group for
studying such an effect is the ‘“newly diagnosed”
group since in these patients no interference of effects
due to other antidiabetic drugs has to be expected.
Careful analysis of the data relating to the blood
levels of sodium, chloride, and potassium does not
demonstrate any difference between the figures ob-
tained during the placebo periods compared with
those observed during the periods of glipizide ad-
ministration (see Table 7).

Discussion and Conclusions

It seems presumptuous to draw conclusions from
a study which includes only 23 cases. We think,
however, that everything has been done in order to
make the findings as valuable as possible by using
adequate methodology. The suggestions by the
Committee on the Use of Therapeutic Agents of the
American Diabetes Association have proved to be
practical and useful in the interpretation of the data.
The fact that the study was carefully controlled and
that each patient was used as his own control has
substantially increased the confidence which we have
in the figures obtained. We feel, therefore, that, under
these experimental conditions, meaningful conclusions
can be drawn even from a study including only small
numbers of patients. -

Concerning the efficacy of glipizide, the investi-
gations in patients with severe diabetes treated for
several years with other sulphonylureas have shown
that glipizide achieves as good a degree of control as
the previous treatment in most patients and that in
somse of them a substantial improvement over the
previous status could be obtained. It is interesting
to note that the improvement over the previous
therapy affected mostly the values of the 1 h
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post-prandial glycaemia and the glucosuria (Fig. 1).
This finding suggests that glipizide achieved a better
control of the glucose load due to the meals than that
produced by the previous therapy. In the newly
diagnosed diabetics the results were similar to those
one would expect when using a high-potency sul-
phonylurea: excellent control was obtained in 339,
of the cases and good control in a further 589, i.e.
919%, of very satisfactory results. No primary failures
were observed in these newly diagnosed diabetics.

In view of these findings, we can conclude that
glipizide is an effective high-potency oral sulphonyl-
urea, which at daily doses of 520 mg provides
satisfactory control in more than 90% of newly
diagnosed diabetics. Furthermore our experience has
shown that this drug improves the glucose tolerance
in a proportion of the patients previously treated
with other sulphonylureas, but since we have not
used the higher doses of the presently recommended
dosage schedule we cannot be precise about this
proportion at the present time.

As far as the tolerance and safety of glipizide is
concerned, we have observed no side-effects which
were related to administration of the drug; further-
more, no effect on the hepatic or renal function was
detected and no ophthalmological, roentgenological,
or electrocardiographical changes were observed.
Patch-testing and readministration of the drug to a
patient who presented with a skin rash proved that
the skin reaction was not due to glipizide.

A neurotic patient complained of weakness and
hunger at the end of each morning, but the glycaemia
checked in the presence of these symptoms proved
to be normal (105 mg/100 ml). No cases of hypo-
glycaemia have been recorded, which is remarkable
for a high-potency sulphonylurea. [26, 27].
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