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Abstract

Objective: The objective of our study was to assess the bioequivalence of 2 different glimepiride formulations at a dose of 2 mg. We also 
describe the adverse events detected, with special emphasis on those directly related to administration of glimepiride, as well as the preventive 
action taken.

Research Design and Methods: We performed a randomized, open-label, crossover, 2-period bioequivalence study in which a single oral 
dose of each formulation was administered immediately after breakfast to 30 healthy volunteers, with a 7-day washout period between doses. 
Extra oral carbohydrates and intravenous glucose-saline solution were administered according to blood sugar level to prevent symptomatic 
hypoglycaemia. An analysis of variance was performed for the different Ln-transformed pharmacokinetic parameters. 

Results: Twenty-nine subjects were evaluated. A total of 28 AEs were detected, and 9 of them had a possible or close relationship. Of these, 
five were symptomatic hypoglycaemia (glucose blood level of 40-60 mg/dl). The symptoms were of mild to moderate intensity, since all subjects 
had received an adequate supply of carbohydrates and extra glucose infusion before the events occurred. All cases resolved completely after 
adjustment of the glucose infusion. The remaining 19 adverse events were recorded as doubtful or not related to the drug.

Conclusions: Optimization of the intravenous glucose administration schedule can prevent severe symptomatic hypoglycaemia, which 
could jeopardize the health status of subjects involved in a bioequivalence study with glimepiride. Our findings justify the use of such control 
measures and their applicability in other studies with hypoglycaemic drugs.

Keywords: Glimepiride; Hypoglycaemia; Clinical trial; Hypoglycaemic drugs; Pro-inflammatory mediators; Oxidative stress; Transcriptional 
mediated molecular; Type 2 diabetes mellitus

Abbrevations: AEMPS: Spanish Agency for Medicines and Health Care Products; AUC0-t: The area under the Curve to the Last Measurable 
Concentration; AUC0-∞: The Area Under the Curve Extrapolated to Infinity in the Elimination Phase; CIs: Confidence Intervals; Cmax: The 
Maximum Concentration; EMEA: European Medicines Evaluation Agency; F: Females; Ke: Elimination Rate Constant; M: Males; Tmax: The Time 
to Reach the Maximum Concentration

Introduction
Type 2 diabetes mellitus has long been categorized as 

a complex and multifactorial metabolic syndrome that is 
characterized by the abnormal metabolism of carbohydrates, 
fats and proteins which leads to augmented levels of glucose and 
lipids within the blood [1]. Pro-inflammatory mediators, oxidative 
stress, transcriptional mediated molecular and metabolic 
pathways are involved in the pathogenesis of tissues-specific 
insulin resistance. Insulin resistance is one of the major hallmarks 
for the pathogenesis and aetiology of type 2 diabetes mellitus [2].  

 
Reactive oxygen species and oxidative stress play their decisive 
role in the development of type 2 diabetes mellitus, in this regard, 
current research is focus to the use of anti-oxidant treatment 
for the prevention and treatment; but they are still in preclinical 
phase. Meanwhile, several drugs have been used to treat type 2 
diabetes mellitus.

Glimepiride is an orally active hypoglycaemic drug belonging 
to the second-generation sulfonylurea group. Glimepiride 
stimulates insulin release from pancreatic ß-cells and may also 
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act via an extrapancreatic mechanism. It is administered once 
daily to patients with type II diabetes mellitus in whom glycaemia 
is not controlled by diet and exercise alone [3]. This second-
generation sulfonylurea has a higher selective binding capacity 
for ß-cells, thus allowing for greater potency at lower doses than 
its predecessors [4]. The usual initial dose of glimepiride is 1 mg 
to 2 mg once daily with breakfast or with the first main meal [3], 
as food does not affect absorption. Nevertheless, in studies with a 
single oral dose in healthy volunteers and multiple oral doses in 
patients with type II diabetes, mean Tmax increased slightly and 
mean Cmax and the AUC decreased slightly when glimepiride was 
given with meals [5]. 

Glimepiride is rapidly absorbed, reaching peak serum 
concentrations 2 to 3 hours after administration in both healthy 
volunteers and diabetic patients [6]. It is completely metabolized 
by the liver via the isoenzyme cytochrome P450 2C9 into its 
main active metabolite (M1) which is converted into the inactive 
metabolite (M2) by 1 or several cytosolic enzymes [5]. The 
elimination half-life of glimepiride after a single dose is about 5 
hours [7]. Pharmacokinetic parameters in healthy volunteers and 
patients with type II diabetes revealed no differences with regard 
to the action of the drug [5].

The most serious side effect of the sulfonylurea group is 
hypoglycaemia, which often makes it difficult to achieve optimal 
blood sugar levels [8]. Glimeripide has a significantly lower 
incidence of hypoglycaemia [4] than other second-generation 
sulfonylureas (10% to 20% of patients treated for 1 year) [3]. 
Consequently, it is more suitable for patients with increased 
susceptibility to this effect [9]. The objective of our study was to 
assess the bioequivalence of 2 different glimepiride formulations 
at a dose of 2 mg. Although the results of published studies show 
that this drug has a good safety profile at the dose administered 
[10-13], we developed control measures to minimize the risk 
of symptomatic hypoglycaemia. We also describe the adverse 
events detected, with special emphasis on those directly related 
to administration of glimepiride, as well as the preventive action 
taken.

Materials and Methods
Study design 

This open-label, cross-over, randomized, 2-period 
bioequivalence study in healthy volunteers was carried out at 
the Clinical Pharmacology Study Unit, Hospital Clinic San Carlos, 
Madrid (Spain). 

Ethics, consent and permissions
All the subjects received written information and signed the 

informed consent document before being enrolled.

Subjects
The study population comprised healthy volunteers between 

18 and 40 years old, in an equal number from both sexes. Subjects 
were examined to verify their health status and their eligibility 

to participate. Smokers, pregnant women and consumers of 
stimulant drinks or drugs that could affect the effect of the 
study drug were excluded. Before inclusion, a complete medical 
history including vital signs and electrocardiogram was taken and 
laboratory tests (hematology, biochemistry, serology, urinalysis, 
drug abuse test, and pregnancy test [women of childbearing 
potential]) were performed. Alcohol and xanthine’s were not 
permitted for at least 48 hours before inclusion, and subjects 
were instructed to abstain from taking any medication within the 
2 weeks preceding the study.

Methods
The study was carried out in 2 treatment periods (A and B), 

separated by a washout period of 7 days (minimum). During each 
treatment period, each volunteer received a single dose of 2 mg 
(one tablet). As a crossover study, the sequence of treatment was 
assigned randomly. Medication was administered with 200 ml 
of water immediately after breakfast. Subjects were seated for 
the first 4 hours after administration to ensure an even grade of 
absorption. Assignation to treatment sequence was via a computer-
generated randomised balanced number table. The subjects were 
recruited from a database from a database of healthy volunteers 
existing in the Clinical Pharmacology Study Unit, Hospital 
Clinico San Carlos. All the task related with randomization were 
implemented by the research team. Venous blood samples were 
drawn at baseline (pre-administration), +30minutes, +1hour, 
+1hour 30minutes, +2hour, +2hour 30minutes, +3hours, +3hours 
30minutes, +4hours, +5hours, +6hours, +8hours, +12hours, 
+15hours, and +24hours to determine the concentrations of 
glimepiride. Clinical check-ups were made at +4hours, +15hours, 
+24hours, and +96hours after administration. 

The complete daily diet was 2500 calories, and the distribution 
of carbohydrates was that used by diabetic patients (6 food intakes 
per day). The first meal was breakfast, which was taken before 
drug intake. An infusion of 10% glucose (approximately 1300 ml/
day) was provided intravenously throughout the 24-hours period 
following administration to supply carbohydrate requirements 
and to prevent symptomatic hypoglycaemia. The infusion 
schedule was 40 to 200 ml/h to achieve a target concentration 
of at least 50 mg/dl, even if no symptoms had been recorded. 
The blood sugar level was measured using a rapid glucose test 
(Glucocard Memory®, Menarini & Arkray) at +2hours, +3hours, 
+4hours, +6hours, +12hours, +15hours and +24hours and 
the rate of infusion was adjusted according to the results. The 
infusion schedule was also modified in the case of hypoglycaemia 
or hypoglycaemic symptoms in order to achieve a quick recovery 
and ensure safety.

Pharmacokinetic analysis
Individual pharmacokinetic parameters of glimepiride were 

calculated using a non-compartmental model (WinNonlin.Pro 
® v.4.1) upon the plasma drug concentration measured at each 
sampling time. Blood glimepiride level was analysed by liquid 
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chromatography coupled to mass spectrometry tandem (HPLC-
MS / MS). The maximum glimepiride concentration (Cmax) and 
the time to reach Cmax (Tmax) were determined directly from 
the plasma drug concentrations. The area under the curve to the 
last measurable concentration (AUC0-t) was calculated using the 
trapezoidal linear method. The area was extrapolated to infinity 
(AUC0-∞) by calculating the Ke (elimination rate constant) in the 
elimination phase. 

Statistical analysis
It was estimated that a sample of 24 subjects could detect 

differences with a confidence interval of 90% based on the sample 
sizes used in previous publications. Descriptive statistics were 
calculated for the demographic and pharmacokinetic parameters.

An analysis of variance (ANOVA) was performed including 
the factors form, period, sequence, and subject (sequence). 
The dependent variables were the ratios of the previously 
mentioned parameters (Cmax, AUC0-t, AUC0-∞) and their 
corresponding logarithms. The 90% confidence intervals (CIs) 
were calculated using the Classical method. The reference interval 
for bioequivalence was 0.80 to 1.25.

Ethical statement 
Ethics approval and consent to participate: The study protocol 

was approved by the institutional ethics committee (Hospital 
Clinico San Carlos) and authorized by the Spanish Agency for 
Medicines and Health Care Products (AEMPS) in February 2004 
with registration number 04/029. The study was conducted in 
compliance with the principles of the Declaration of Helsinki and 
good clinical practice guidelines. All the subjects received written 
information and signed the informed consent document before 
being enrolled.

Results
Study population

Between April and May 2004 thirty subjects were enrolled and 
included in the safety-set analysis; 29 subjects (M/F: 15/14) were 
included in the pharmacokinetic-set analysis (1 subject withdrew 
due to poor tolerance to blood sampling). The demographic 
characteristics, expressed as mean ± SD, were as follows: age 
(22.8 ± 2.57 years), weight (65.64 ± 8.34 kg), height (170.1 ± 7.53 
cm), and body mass index (22.59 ± 1.58 kg/m2). 

Pharmacokinetic analysis
Figure 1 presents the mean plasma glimepiride concentration 

against time for the 2 formulations. The mean plasma 
concentration profiles of glimepiride for the 2 formulations were 
very similar. The mean (SD) of the pharmacokinetic parameters 
for the 2 products (reference and test) were similar, suggesting 
that the plasma profiles of the 2 formulations were comparable 
(Table 1). No significant ANOVA model effects were found. In the 
bioequivalence analysis, the 90% CIs for Cmax (90.08-104.32%) 
and AUC0-t (96.80-107.30%) were within the EMEA acceptance 

range (0.80 to 1.25), thus meeting the criteria for bioequivalence 
(Table 2).

Figure 1: Mean plasma glimepiride concentration against time.

Table 1: Mean (SD) pharmacokinetic parameters of the test and 
reference formulations of glimepiride 2 mg.

Parameter Reference Test

Mean (SD)

Cmax (ng/ml) 184.06 (56.87) 174.70 (40.49)

AUC0-t (ng*h/ml) 862.98 (302.69) 877.12 (304.64)

AUC0-∞ (ng*h/ml) 889.65 (325.17) 907.01 (336.15)

T ½ (h) 5.54 (1.97) 4.94 (1.72)

Median (Range)

Tmax (h) 2.00 (4.00) 2.00 (3.00)

SD: Standard Deviation.

Table 2: Bioequivalence analysis (90% CIs) of ln-transformed 
pharmacokinetic parameters of the test and reference formulations of 
glimepiride 2 mg.

Parameter Ratio (%) 90 CI Lower 
Limit

90 CI Upper 
Limit

Ln (Cmax) 96.94 90.08 104.32

Ln (AUC0-t) 101.91 96.8 107.3

Ln (AUC0-∞) 102 96.77 107.51

Tolerability
Both tablet formulations of glimepiride were generally 

well tolerated. Twenty-eight adverse events were detected, 
and 9 of these had a possible or closer causal relationship. 
Of these, 5 (corresponding to 5 different subjects) were 
symptomatic hypoglycemia consisting of dizziness without loss 
of consciousness and/or sweating and hand tremor. In 4 subjects, 
the symptoms appeared 2 to 3 hours after intake (mean, 2hours 
32 minutes), and in 1 subject onset was at 1hour 28 minutes after 
intake. The duration of symptoms was less than 10 minutes for all 
subjects. Blood glucose levels ranged from 40 mg/dl to 60 mg/dl. 
A prompt and complete recovery was achieved in all cases when 
the glucose infusion was adjusted to blood sugar level. Other 
adverse events related to glimepiride were headache (2 cases in 1 
subject), dizziness (1 case), and diarrhoea (1 case). These adverse 
events are included in the summary of product characteristics and 
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were therefore expected. Their duration and intensity (mild to 
moderate) were as expected and the subjects recovered without 
treatment. Finally, 19 adverse events were recorded as doubtful 
or not related to the drug. They were all mild or moderate, and 
they all resolved spontaneously or after symptomatic treatment. 

None of the volunteers withdrew for reasons of safety. 

Discussion
The safety profile of glimepiride in diabetes patients is 

well known [4,12]. Although the incidence of hypo glycaemia 
is significantly lower than with other sulfonylurea agents, it 
could be present in 10% to 20% of all patients treated [3,6]. We 
designed a bioequivalence study with healthy volunteers, and 
we established control measures to prevent hypo glycaemia. 
Despite the preventive measures, we found a clinically significant 
symptomatic hypoglycaemic effect in healthy volunteers. This 
is interesting, since onset of hypo glycaemia was controlled by 
intravenous 10% glucose infusion and a specific meal regimen 
consisting of a rich carbohydrate breakfast before drug intake 
and several additional meals during the stay in our unit. Among 
published bioavailability studies [10-14], only Jovanovic et al. 
have reported hypoglycaemic events (5 in 24 subjects after an 
oral dose of glimepiride 6 mg). These resolved spontaneously 
in 30-60 minutes. No additional procedures were performed to 
minimize hypoglycaemic effects or to recover baseline status 
after onset of symptoms. By contrast, in our study, despite the 
10% glucose infusion, which was modified according to blood 
glucose level, symptomatic hypoglycaemia (40-60 mg/dl) was 
reported in 5 of 28 subjects. All the subjects recovered with no 
sequelae, although individualized modification of the glucose 
infusion was required in all cases. This pharmacodynamic effect 
of glimepiride in healthy volunteers had been described in detail 
by Yun et al, [15] who found similar values of the pharmacokinetic 
parameters Cmax and Tmax to ours but lower glucose levels after 
administration. This could be explained because the authors used 
sugar cubes (12 g each) to supply the extra glucose after drug 
administration, whereas we administered a rich carbohydrate 
breakfast before drug intake and complementary glucose infusion 
during the study. Despite different control measures, our findings 
for detection of the lowest glycaemic serum level (2 to 3 hours 
after drug administration) were consistent with those of Yun et 
al [15].

The good tolerability of glimepiride in healthy volunteers 
described in other trials, even after high doses and with no 
preventive action against hypo glycaemia, is unlikely; therefore, 
relevant information may have been omitted in such publications, 
although it should be mandatory for bioequivalence studies. 
Given the potential for hypo glycaemia after intake of glimepride, 
the FDA’s recent draft guidance for industry “Bioequivalence 
recommendations for specific products” [16], recommends using 
the lowest glimepiride dose and subsequent administration of 
extra oral glucose solution for 4 hours. This recommendation 

is consistent with our preventive actions and highlights the 
need to provide more than pharmacokinetic information in the 
publications on bioequivalence studies. 

Conclusion
It is crucial therefore to maintain safe glucose blood levels 

during studies with hypoglycaemic agents in healthy volunteers. 
Administration of long-lasting oral carbohydrates and intravenous 
glucose can be considered elective preventive treatment and 
should be available in bioequivalence glimepiride studies. Equally 
important is the need to report adverse events and the support 
strategies adopted. The lack of such information is a failing in the 
organization of these studies and hampers decisions affecting the 
safety of subjects.
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