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Summary The pharmacokinetics, efficacy and safety
of glimepiride were investigated in a single- and a
multiple-dose open study in patients with non-insu-
lin-dependent diabetes mellitus and renal impair-
ment and an initial creatinine clearance above 10 ml/
min. Patients were divided into three groupswith crea-
tinine clearance above 50 ml/min, 20-50 ml/min and
under 20 ml/min. Fifteen fasting patients received a
single dose of 3 mg glimepiride and serial blood and
urine samples were taken over 24 h for pharmacoki-
netic and efficacy analyses. A further 16 patients re-
ceived glimepiride over a 3-month period, an initial
dose of 1 mg glimepiride being adjusted within the
range 1 to 8 mg to achieve good glucose control.
Pharmacokinetic evaluation was done on day 1 and
after 3 months. Mean relative total clearance and
mean volume of distribution of both single (41.6 ml/
min and 8.47 litres, respectively, when creatinine
clearance was above 50 ml/min) and multiple doses
of glimepiride increased in proportion to the degree
of renal impairment (to 91.1 ml/min and 14.98 litres,

respectively, when creatinine clearance was below
20 ml/min, single dose), whereas the terminal half-
life and mean time remained unchanged. Lower rela-
tive total clearance and renal clearance of both glim-
epiride metabolites correlated significantly with low-
er creatinine clearance values. Of the 16 patients 12
required between 1 and 4 mg glimepiride to stabilize
their fasting blood glucose. Glimepiride was well-tol-
erated and there were no drug-related adverse
events. In conclusion glimepiride is safe, effective
and has clearly-definable pharmacokinetics in dia-
betic patients with renal impairment. The increased
plasma elimination of glimepiride with decreasing
kidney function is explainable on the basis of altered
protein binding with an increase in unbound drug.
[Diabetologia (1996) 39: 1617-1624]

Keywords Pharmacokinetics, efficacy, safety, glimepi-
ride, non-insulin-dependent diabetes mellitus, renal
impairment.

First generation sulphonylureas such as tolbutamide,
acetohexamide and chlorpropamide are eliminated
almost exclusively by renal excretion [1, 2] which
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pendent diabetes mellitus; M, multiple-dose study; S, single-
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makes them unsuitable for use in patients with kidney
failure [3]. Most second generation sulphonylureas
are metabolised and the metabolites are excreted in
the urine. Sulphonylureas are normally given to dia-
betic patients over a long period of time during which
a decrease in kidney function might occur as a result
of the disease. Impaired kidney function may lead to
metabolite accumulation which might influence the
pharmacokinetics of the drug, but also affect the ther-
apeutic response since the metabolites can have phar-
macological activity. Glyburide (glibenclamide)
clearance is unaffected by kidney function [1], as is
that of glipizide, but accumulation of their metabo-
lites has been reported [4, 5]. Glimepiride is a new



1618 B. Rosenkranz et al.: Glimepiride in diabetic patients with renal disease

hypoglycaemic sulphonylurea, with the advantage of
being completely bioavailable [6], being effective at
low doses in patients with non-insulin-dependent dia-
betes mellitus (NIDDM) and showing linear pharma-
cokinetics [7]. As with the other sulphonylureas,
glimepiride appears to lower blood glucose levels by
stimulating insulin release from the pancreas [8, 9].
Elimination of glimepiride is primarily by metabo-
lism to a hydroxy derivative, M1, and a carboxy deriv-
ative, M2, which are then excreted in the urine. Ani-
mal studies have shown M1 to have a hypoglycaemic
effect of approximately one third that of the parent
compound whereas M2 exhibited no pharmacologi-
cal activity [10].

The objective of the present studies was to investi-
gate the pharmacokinetics, efficacy and safety, of a
single 3 mg dose and of multiple blood glucose stabi-
lizing doses (1-8 mg) of glimepiride in patients with
NIDDM and with varying degrees of renal impair-
ment.

Subjects, materials and methods

Subjects. Subjects were recruited from The Institute of Diabe-
tes, Endocrinology and Metabolic Diseases, Vuk Vrhovac, Za-
greb, Croatia and The Department of Nephrology, University
Clinics, Gent, Belgium. The studies were carried out in accor-
dance with the declaration of Helsinki and were approved by
the relevant ethical committees. Prior to obtaining written or
oral consent, patients were informed of the nature, scope and
possible outcomes of the trial.

Eligible adults had NIDDM treated with insulin for the sin-
gle-dose study (S), and treated for at least 4 weeks with either
insulin ( < 24 units daily) or oral hypoglycaemic agents for the
multiple-dose study (M); they were aged between 44-75 years
with a creatinine clearance above 10 ml/min. For patients to
be eligible for the M study, good metabolic control was re-
quired. This was defined as less than a 20% variation of
HbA, . on two occasions prior to the study and insulin-treated
patients were required to demonstrate sufficient insulin secre-
tion capacity, as assessed by fasting C-peptide baseline level
and/or increase after i.v. injection of 1 mg glucagon, deter-
mined before, 6 and 20 min after injection. Insulin secretion
capacity was also tested in several subjects on oral agents.

Exclusion criteria included surgery in the previous 6 weeks,
alcohol abuse, recent participation in a drug trial, treatment
with a potentially toxic drug, history of hypersensitivity to the
trial or structurally related drug, a history of or presence of a
clinically significant acute illness, gastrointestinal, liver or kid-
ney disease or other severe concomitant disease or any condi-
tion known to interfere with the absorption, distribution, me-
tabolism or excretion of drugs (except those related to kidney
disease or diabetes). Women of child-bearing potential, pa-
tients undergoing kidney dialysis or who had undergone kid-
ney transplant or those with a haematocrit less than 18%
were not included. Patients with any contraindication to sul-
phonylurea treatment or requiring co-medication with any sul-
phonylurea or a drug with the potential to interact with sulpho-
nylureas or with salicylates were also excluded.

In both studies, patients were selected and grouped accord-
ing to their baseline creatinine clearance values. During the
week preceding the S study and in the 4 weeks preceding the

M study all subjects underwent a full physical examination
and documentation of medical history, which included vital
signs, creatinine clearance and ECG. Fasting blood and urine
samples were collected and analysed for routine haematology,
clinical chemistry, including fasting blood glucose and creati-
nine clearance and urinalysis.

Single-dose study

Treatment and clinical assessments. On the pre-study day insu-
lin and the usual diet were permitted, patients were not al-
lowed alcohol or beverages containing xanthine derivatives
for 24 h before and until 24 h after drug administration. Specif-
ically excluded drugs were not permitted for 24 h prior to and
until 24 h after the study medication, other concomitant medi-
cation was reduced to a minimum during the trial period, insu-
lin was permitted if clinically indicated, i.e. blood glucose over
150 mmol/l or acetonuria.

On the study day a single dose of 3 mg glimepiride was gi-
ven after an overnight fast with 150 ml mineral water or dec-
affeinated coffee. Subjects received breakfast 30 min after ad-
ministration and light meals at 2-3 h intervals throughout the
day. Subjects remained recumbent for 4 h and under medical
supervision for at least 48 h post-administration. Body weight
and vital signs were measured and blood and urine samples
for standard analyses, including frequent glucose determina-
tions, taken immediately before and 24 h after administration
of the drug. Adverse events were monitored and recorded dur-
ing the study.

Pharmacokinetic assessments. Blood samples were taken via an
indwelling cannula before medication (Oh*), then at 0.5, 1*,
1.5, 2, 2.5, 3*, 4, 5%, 7*, 9%, 11*, 13*, 16*, 19*, 21*, 24*, 34*,
48* h after drug administration. Glucose was determined in se-
rum from samples denoted with an asterisk. Creatinine was de-
termined in serum from samples collected before, 4, 9, 24, 34,
and 48 h after drug administration. C-peptide was measured
in serum from samples collected before and at 2 h after drug
administration. Blood samples for pharmacokinetic assess-
ment, except those taken at 16, 19 and 21 hours, were centri-
fuged, frozen and subsequently analysed for glimepiride and
its metabolites M1 and M2.

Patients voided their bladders before administration of the
study drug to provide a baseline sample. Subsequently urine
was collected in the following fractions: 0-4, 4-9, 9-24 and
24-48 h after administration. Total volume was recorded, crea-
tinine measured and samples stored frozen, for determination
of glimepiride metabolites M1 and M2 in each fraction.

Multiple-dose study

Treatment and clinical assessments. The initial dose of glimepi-
ride was 1 mg. This dose was adjusted during the study to
achieve sufficient metabolic control as assessed by fasting
blood glucose levels; the increasing daily doses were 1, 2, 3, 4,
6, and 8 mg. The decision to adjust a daily dose was made 4-
7 days after the first dose of glimepiride and subsequently ev-
ery 4-7 days after each dose adjustment for the total study pe-
riod of 3 months. A fasting blood glucose level equal to or less
than 8.32 mmol/l was acceptable in this patient population
and necessitated no dose adjustment. A level of 8.32-
9.99 mmol/l could be considered acceptable provided that the
investigator felt that a lower blood glucose concentration im-
posed too great a risk of hypoglycaemia. If fasting blood
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glucose was above 11.09 mmol/l on two successive occasions
after the 8 mg dose had been reached the patient was with-
drawn from the study. Medication was always taken with tea
or coffee before breakfast. Patients remained under medical
supervision as required during the dose titration period. Com-
pliance was checked by the return of medication.

On the pre-study day, usual medication and diet were per-
mitted. After an overnight fast, body weight and vital signs
were recorded and urine and blood samples collected for stan-
dard safety and creatinine clearance assessments. Usual medi-
cation was discontinued and 1 mg glimepiride was given. Pa-
tients remained under medical supervision for the duration of
the pharmacokinetic studies. Blood and urine samples were ta-
ken for standard laboratory and creatinine assessments, to-
gether with a physical examination and measurement of vital
signs after 1, 2 and 3 months. Adverse events were monitored
and recorded throughout the study.

Pharmacokinetic assessments. VVenous blood samples for phar-
macokinetic and dynamic analysis were taken via an indwell-
ing cannula before medication, and 0.5, 1, 2, 3,4, 7,9, 13 and
24 h after medication on the first and last (85th) day of the
study and immediately frozen for analysis of glimepiride and
metabolites.

Patients emptied their bladders prior to dosing to provide a
baseline urine sample on pharmacokinetic days. Subsequently,
total volumes of urine were collected at 0-4, 4-8, 8-12, and
12-24 h after medication, the volume recorded and samples
were stored at least —15°C prior to analysis for creatinine and
metabolites M1 and M2.

Glimepiride and its metabolites M1 and M2 were deter-
mined using an established HPLC method [11] at Hoechst
AG (Pharma Research, Frankfurt, Germany). Detection limits
were 5 ng/ml for glimepiride and M2 (serum), 10 ng/ml for M1
(serum) and 50 ng/ml for both metabolites in urine.

Determination of the pharmacokinetic model independent
parameters was carried out using the HOEREP program (D.
Brockmeier, Hoechst AG). Terminal half-life (t,,) was deter-
mined from the linear part of the concentration vs time curves
in log-linear representation. C,,,, and t,,, were read from the
original data. The area under the data curve extrapolated to in-
finity (AUDC) was calculated using the trapezoid rule. Mean
time (MT), relative total clearance (CL/f) and relative volume
of distribution (V,/f) were calculated according to standard
formulae. Pharmacokinetic data of glimepiride metabolites
were determined similarly. CL/f, V Jf, t,,, and MT were plot-
ted against creatinine clearance for all subjects, regression
analysis was performed for CL/f and V/f.

Pharmacokinetic data from the first and last day (day 85) of
the M study were fitted simultaneously taking into account the
individual dosing schemes thereby producing one value for
each pharmacokinetic parameter with the exception of renal
clearance. In most cases in this study, a two-compartment model
was used to approximate glimepiride concentrations and a
one-compartment model for the metabolites.

Urinary excretion of the glimepiride metabolites was calcu-
lated for each fraction and this data was used to produce a cu-
mulative total and, after appropriate molecular weight correc-
tion, this total was expressed as a percentage of the total glim-
epiride dose. Renal clearance was estimated where feasible.

Creatinine clearance (CL) data used in the final evalua-
tion was that which was recorded during the study period and
not that used for selection. It was calculated as a weighted
mean of all available measurements.

Efficacy and dynamic variables. Serum glucose, insulin and C-
peptide profiles were measured in the timed serial serum

Table 1. Demographic characteristics of subjects

Single-dose study Multiple-dose study

Male/female (n) 7/8 9/10
Age (years) 57 (44-70) 62.3 (49-75)
Weight (kg) 71.4 (56.0-90.3) 78.1 (63.8-98.0)

Values are mean (range)

samples taken for pharmacokinetic profiles on day 1 and at
the end of the study (day 85). Serum creatinine was measured
in the 0 and 24-h samples on both occasions.

Fasting blood samples were taken before medication on
day 1 and weekly for the first 2 months, then every 2 weeks
for the final month. Blood samples were centrifuged and se-
rum samples were stored at 4 °C for creatinine and glucose de-
terminations or frozen prior to analysis.

Fasting whole blood glucose and serum creatinine were de-
termined before medication, weekly for 2 months then every
2 weeks. Where possible patients used home-glucose monitor-
ing to assess fasting blood glucose levels once every 2 days
and ketoacidosis was assessed daily with urine sticks. The in-
vestigator was contacted if fasting blood glucose was out of
the range of 5.55-11.09 mmol/l. Blood glucose profiles using
timed capillary blood samples were assessed at five time points
on the pre-trial day and after 1, 2, and 3 months. Fasting capil-
lary blood glucose was monitored by patients every 2 days.

Blood samples for HbA, . analysis were taken on day 1 and
after 1, 2 and 3 months.

Results

Patient characteristics. Fifteen patients were enrolled
into the single-dose study, for which demographic de-
tails are given in Table 1 and grouping according to
baseline CL,, in Table 2. All patients were diabetic
and where kidney disease was present the aetiology
was diabetic nephropathy. Additional diseases re-
ported included cholecystectomy, cholelithiasis, hy-
pertension and peripheral vascular disease. All sub-
jectsin the S group had been under treatment with in-
sulin. Several patients took glibenclamide on the pre-
study day which was not in accordance with the pro-
tocol. No relevant findings were reported during the
physical examination or ECG.

Nineteen patients were enrolled into the multiple-
dose study, for which demographic details are given
in Table 1 and grouping according to baseline CLg
in Table 2. Three patients dropped out prior to com-
pletion, two due to poor metabolic control, and one
for personal reasons; all three were included in the
safety assessments. All patients had NIDDM with
kidney disease mostly due to diabetic nephropathy
and all subjects had been treated with oral hypo-
glycaemic agents. Other renal diseases also diagnosed
included nephroangiosclerosis, chronic pyelointersti-
tial nephritis, nephrolithiasis, nephropathia gravi-
darum and renal cyst. Other diseases included dia-
betic retinopathy, neuropathy, angiopathy, hyperten-
sion, ischaemic heart disease and ventricular hy-
pertrophy. The physical examination revealed no
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relevant findings, all patients were judged to show
good metabolic control following fasting C-peptide
assessment and the glucagon test. One subject re-
ceived insulin from the first study day as needed.

Pharmacokinetics. There were no relevant differ-
ences between creatinine clearance, serum creatinine
levels or pharmacokinetic assessments made on the 2
study days of the M study, so results were pooled for
each subject. As the glimepiride doses for the M
study varied, C,,,,, tmax @nd AUDC were excluded.
The pharmacokinetic parameters for glimepiride and
its metabolites M1 and M2 after both single and mul-
tiple dosing are given in Table 2. The relationships
between kidney function and pharmacokinetic pa-
rameters are illustrated in Figs. 1-4. As expected, se-
rum metabolite concentrations were prolonged in pa-
tients with renal impairment (Fig. 1).

Taken together, the data indicate that relative total
clearance of glimepiride tended to increase with im-
paired kidney function (low CL.g) on both S and M
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Fig.2. A-C. Regression between creatinine clearance (CLcg)
and relative and total clearance (CL/f) (A), relative volume
distribution (V/f) (B), or terminal half-life (t,,,, (C) of glim-
epiride from multiple and single dose studies. @ single-dose
study, [_] multiple-dose study

dosing, though regression was not statistically signifi-
cant (Fig. 2). While the relative volume of distribution
(Vy/f) also tended to increase with renal impairment
on single dosing (Table 2), this could not be con-
firmed on multiple dosing (Table 2).

The t,,, and MT of glimepiride were unchanged in
impaired kidney function on single dosing and were
highly varied on multiple dosing (Fig.2 and Table 2).

Elimination of the glimepiride metabolites was im-
paired in kidney disease. Relative total clearance was
linearly related to CLg (Figs. 3 and 4), and total uri-
nary excretion of the metabolites M1 and M2 was re-
duced, asreflected by a tendency fort,,and C, ., toin-
crease with decreasing CL.g (Table 2; Figs. 3 and 4).

Efficacy (multiple-dose study only). In 12 of the 16
patients in this study sufficient metabolic control was
reached with dosages between 1 and 4 mg. The effec-
tive dose of glimepiride required to lower blood
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Table 2. Pharmacokinetic characteristics of glimepiride and its metabolites in patients with NIDDM and impaired renal function
after a single 3 mg dose (S) or after multiple variable effective doses (M)

Parameter Group 1 Group 2 Group 3
CL,, > 50 ml/min CL,, 20-50 ml/min CL,, <20 ml/min
S M S M S M
n 5 4 3 7 7 5
CL,, (ml/min) 777219 63.9+13.8 27.4+8.0 33.2+97 9.4+59 8536
Glimepiride
Crnax (NG/ml) 359.2 +98.3 - 205.3+29.0 - 194.0 +42.4 -
tax (D) 19+0.2 - 27+13 - 22+1.0 -
AUDC (ng Ch Cnl™) 1357 + 452 - 622 + 106 - 622 + 226 -
CL/f (ml/min) 416185 68.1+26.4 81.1+128 714175 91.1+£36.5 97.8 £48.7
Vy,ff (1) 8.47 +2.05 16.9+5.3 13.36 +1.89 16.1+25 14.98 + 3.47 226+8.9
ty, (h) 2.28+0.79 56+3.0 1.06 £0.23 32+22 2.19+1.13 3619
MT (h) 3.6+0.9 46+22 28+05 3.9+08 3.0+£1.0 45+£19
[n=3]
Total urinary metabolite 44.4 + 28.0 404+7.2 21.9+1238 26.2+11.8 9.3+10.6 10.6 +8.2
excretion (M1 + M2) (% dose)
Metabolite M1
Crax (ng/ml) 70.8+14.0 - 93.0+125 - 103.6 £24.1 -
tmax (M) 38x038 - 32+08 - 4123 -
CL/f,, (ml/min) 132.1+66.4 100.2+£30.4 107.0 £ 33.7 80.6 +21.1 67.5+39.6 59.7 £ 33.3
ty, (h) 2.79+0.86 37513 2.32+0.93 39618 4.88 +2.92 8.0x46
CL,¢, (Mml/min) 49.6 +48.9 318+21.1 9.2+7.0 11.8+8.3 49+75 2.1
[n=6] [n=1]
Metabolite M2
Crax (ng/ml) 21.8+85 - 420+ 2.6 - 61.7+259 -
tax (M) 48+15 - 57+12 - 70x12 -
CL/f,, (ml/min) 306.5 +63.6 184.2 £51.8 140.8 £ 36.5 111.9+38.3 61.5+30.6 62.0+32.9
ty, (h) 491 +2.94 3511 3.06 £ 0.50 42+12 8.37 +1.90 149+123
[n=3]
CL,e, (ml/min) 52.7 +40.7 89.7 £ 61.0 20.5+12.7 276+94 3775 39+35
[n=6] [n=2]

Data are mean + SD

glucose and its distribution within the creatinine
clearance groups is shown in Table 3. In all five pa-
tients who had a creatinine clearance of less than
20 ml/min at baseline, only the minimum dose of
1 mg glimepiride was required to maintain the fasting
blood glucose level throughout the 3-month study pe-
riod. In one of these patients, fasting blood glucose
fell below 3.33 mmol/l on four separate days. A fur-
ther two patients with higher baseline creatinine
clearances were also well-maintained for 3 months at
this minimum dose.

Of four patients with a creatinine clearance of 20—
50 ml/min at baseline, who had stable fasting blood
glucose concentrations at a final dose of 2 mg glim-
epiride, one patient should have received a higher
dose because his fasting blood glucose remained at
12.1 mmol/l throughout the study. He continued on
2 mg glimepiride because home glucose monitoring
values were consistently below 9.7 mmol/l. Three pa-
tients with baseline creatinine clearance higher than
20 ml/min, including one with a value over 50 ml/
min, required 4 mg glimepiride daily to maintain
their fasting blood glucose values. One of the patients
in group 2, however, should have received a higher
dose based on a fasting blood glucose concentration

of 11.0 mmol/l on day 70. The two patients receiving
8 mg glimepiride had creatinine clearance values
greater than 50 ml/min and were not well-controlled,
their fasting blood glucose levels being over
9.99 mmol/l, even after the 8 mg dose was started on
day 43.

No relevant changes were found in the individual
blood glucose profiles (capillary blood) measured be-
fore and during the study. The serial assessment of se-
rum glucose levels on pharmacokinetic study days in-
dicated a slight increase in the mean + SD baseline
value from 7.94 + 3.39 mmol (0 on day 1 to 8.78 +
3.81 mmol O on day 85. The mean blood glucose
level between 4-10 h after glimepiride administra-
tion, however, showed a tendency to fall, from 9.47 +
3.11 mmol O on day 1 to 8.40 = 2.85 mmol [ on
day 85. The variation in these data, though, was high.
Glycosuria was only noted occasionally.

Mean serum insulin and C-peptide levels mea-
sured in serial samples taken over 24 h on days 1 and
85 were almost identical (data not shown). In one pa-
tient high non-specific binding was observed in the in-
sulin radioimmunoassay, probably due to the pres-
ence of autoantibodies. Mean haemoglobin A,
in whole blood was 6.96 £ 1.28% 1 month before
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glimepiride treatment and remained stable through-
out the study period, being 6.99+1.20% after
3 months’ treatment, thereby reflecting the fact that
the patients were in good metabolic control before
starting the study.

There was no change in the HbA, . levels mea-
sured before and at 1, 2 and 3 months after medica-
tion. The presence of glucose in the urine was only
noted occasionally and ketoacidosis only noted twice
during the study.

Safety. No adverse events were reported in the single-
dose study. In the multiple-dose study, there were two
adverse events. In one patient with a history of arte-
rial hypertension, associated with ventricular hyper-
trophy, with fundus hypertonicus (I1), diabetic retin-
opathy, diabetic neuropathy and diabetic angiopathy,
in addition to diabetes, diabetic nephropathy, chronic
renal insufficiency and a cyst of the right kidney,
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Table 3. Effective dose of glimepiride and creatinine clear-
ance in patients during the multiple-dose study

Glimepiride Group 1 Group 2 Group 3 Total
dose (mg) CL, >50ml/ CL 20-50 ml/ CL <20 ml/
min min min

1 1 1 5 7

2 - 4 - 4

4 1 2 3

8 2 - - 2
Total 4 7 5 16

routine ECG on the last study day followed by cre-
atine kinase-MB revealed a “silent” myocardial in-
farction. The patient was transferred to the local cor-
onary care unit and was dismissed after 17 days in
good condition. The event was considered serious,
but not related to the study medication. The other pa-
tient provided persistent reports of hypoglycaemia,
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which were not resolved by reducing the glimepiride
dose to 0.5 mg; the patient withdrew from the study.

In both studies, laboratory values gave results
which would be expected for patients with diabetes
and kidney impairment. No changes were found after
either single or multiple dose administration which
could be directly related to the intake of the study
drug.

Discussion

The results of these studies show that glimepiride is a
safe and effective hypoglycaemic agent in patients
with NIDDM and renal impairment. The multiple-
dose study showed that the pharmacokinetic profile
of glimepiride remained unchanged over a 3-month
period in 16 diabetic patients. Data from the single
and multiple dose studies revealed that the relative
total clearance and the volume of distribution of
glimepiride increased when creatinine clearance was
less than 50 ml/min. The t;;, and MT were essentially
unchanged in kidney failure.

All sulphonylureas are strongly bound to plasma
proteins, particularly to albumin [12] and glimepiride
is normally more than 99 % bound to serum proteins
[7]. Since the unbound fraction determines many of
the drug’s pharmacokinetic properties, an increase in
the unbound glimepiride fraction, similar to that
which occurs with phenytoin in patients with kidney
disease [13], could explain the increase in relative
clearance of glimepiride in kKidney impairment. The
expected decrease in plasma t,;, could not be demon-
strated, possibly because of the high variability.

In the patients with a creatinine clearance above
50 ml/min, the pharmacokinetics of glimepiride were
comparable to values reported in healthy male pa-
tients after oral or intravenous administration of
glimepiride. In 12 healthy males given 1, 2, 4, and
8 mg oral glimepiride, the range in mean t.,, was
2.1-2.8 h, in t;;, 1.2-1.5 h and CL/f 53.5-56.5 min/ml
[7], compared to a mean t,,, of 1.9 h (S), a mean t;;,
of 2.28 (S) and 5.6 (M) h, and CL/f of 41.6(S) and
68.1(M) ml/min.

The total urinary excretion of the metabolites M1
and M2 corrected for molecular weight and ex-
pressed as a percentage of the dose was 44.4% (S)
and 40.4% (M) in patients with a creatinine clearance
greater than 50 ml/min, which is comparable to the
values of 45.9-50.7 % after oral glimepiride recorded
in normal subjects [6, 7].

Renal clearance and total urinary excretion of
glimepiride metabolites M1 and M2 were reduced in
kidney failure, and as a consequence the C,, and
t,,, increased for both metabolites. This corresponds
to similar data presented on other sulphonylureas [4,
5]. The reduction in metabolite elimination may well
have influenced the efficacy of the glimepiride as the

metabolite M1 has been found to have hypo-
glycaemic potential in animal studies [10].

If the altered pharmacokinetics found in impaired
kidney function are due to a reduced protein binding
of glimepiride, no dose adjustment to allow for kid-
ney impairment would be required if the pharmaco-
kinetics of the unbound, active glimepiride were to
remain unchanged. However, the increased exposure
to the hypoglycaemia-inducing glimepiride metabo-
lite M1 might explain why the patients with greatest
kidney impairment achieved metabolic control with
the minimum dose of 1 mg/day.

While there is a need to establish the influence of
protein binding on the pharmacokinetics of glimepi-
ride, it is effectively cleared in kidney disease with
no accumulation and efficacy is good, possibly due
to the pharmacological action of its metabolite M1,
which has an increased C,,,, and t,;, in patients with
lower creatinine clearance following oral glimepiride.
Although the half-life of glibenclamide was un-
changed in patients with renal disease, accumulation
of metabolites occurred which was suggested to be re-
sponsible for the prolonged hypoglycaemia reported
[5]. Similarly, the prolonged elimination of the glim-
epiride metabolite M1 might also cause severe hypo-
glycaemia in this population, although due to the ra-
ther low number of patients, this was not found in
the present study.

In conclusion, glimepiride was found to be a safe
and efficacious hypoglycaemic agent with definable
pharmacokinetics in the present study in patients
with NIDDM and renal impairment. Good metabolic
control of blood glucose levels could be achieved with
low doses in impaired renal function. However, more
information will be required before the drug can be
advocated for long-term use in this patient popula-
tion.
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