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Abstract 

The in vitro dissolution is the physicochemical test most used to estimate the release of the drug from the 
pharmaceutical form. Due to the close relationship between the dissolution rate of the drug in vitro and the absorption 
in vivo, the dissolution study is considered as the necessary and sufficient criterion to allow the commercialization of a 
pharmaceutical product. In this study, the similarity of the dissolution profiles of different products containing 
glibenclamide used in the Mexican Health Sector was compared. The dissolution profiles of 7 generic products were 
constructed and analyzed and compared with the innovative drug. The quality control carried out showed that one 
generic product did not comply with the specifications. Two products showed no difference in the percentage dissolved 
compared to the reference product; however, none of the products presented a parallel behavior to the innovator. Only 
one of the seven pharmaceutical products used in the Health Sector met the interchangeability criteria. Properly 
controlled bio-equivalence studies are strongly recommended to further investigate the potential inequivalence of the 
tested products. 
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1. Introduction

Each pharmaceutical formulation of a drug is unique in its biopharmaceutical behavior, so it can potentially be an 
important determinant factor of the efficacy and safety of the clinical response. Most of the pharmaceutical preparations 
that are currently being used are composed of solid dosage forms and constitute the pharmaceutical form more used, 
which represents between 40 and 70 % of the total production of the pharmaceutical forms commercially available. In 
these pharmaceutical forms, the amount of drug that reaches the site of action depends on the release of this from the 
pharmaceutical form. In this sense, some authors have reported the existence of differences in the release of the drug 
between batch and batch of the same medicinal product, and have shown that this release depends directly on both 
chemical and technological factors [1, 2]. 

One of the tests that determine the differences in the manufacturing process from batch to batch, is the study of the 
dissolution behavior of the solid dosage forms, which is also a useful parameter to demonstrate the interchangeability 
of medications that contain the same drug at the same dosage and the same pharmaceutical form. 

There are various studies in which is demonstrated the existence of differences in the bioavailability and bioequivalence 
in formulations of different therapeutic groups. Particularly in the case of formulations containing glibenclamide in 
single dose, differences were found in terms of the rate of absorption between drug products that have been 
manufactured by different pharmaceutical companies [1, 3, 4]. 
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The differences in the bioavailability differ between 80 to 100%; there is also evidence of a reduction of 40% in the 
bioavailability of glibenclamide when it is administered in a non-micronized form [5, 6]. The incidence of these problems 
lies in the fact that there are clear differences in their dissolution profile and the lack of effect [7]. 

Likewise, in Mexico it has been shown that some pharmaceutical products containing glibenclamide available in 
pharmacies do not comply with the quality control parameters, which could result in low concentrations and the 
possibility of a lack of glycemic control in the patients.  At the Mexican Institute of Social Security (IMSS), glibenclamide 
belongs to the basic list of essential drugs, and constitutes one of the first-choice drugs along with metformin for the 
treatment of diabetes mellitus. In Mexico, for several decades it has been shown that there are problems with the supply 
of medicines, an analysis conducted by the Mexican Ministry of Health, showed that only 26% of the medical units of 
first level of attention had metformin. At the same time, there is a prevalence of 7% diabetes in the population from 20 
to 69 years, and constitutes the second cause of death; this fact is reflected at the IMSS, where diabetes mellitus is one 
of the first three causes of death.  In Mexico, in 2016, this disease represented 14% of the total recorded deaths and the 
expenses derived from the care of diabetic patients, exceed the 200 million dollars annually [8]. 

In the different institutions that are part of the Health Sector in Mexico, there is a wide variability in the acquisition of 
the drugs that are dispensed in pharmacies of this sector, and this is due to the fact that there are several laboratories 
that participate in the biddings for the purchase of medicines. As a result of this, patients receiving chronic therapies, 
such as in the case of the treatment of type 2 diabetes mellitus, are exposed to the provision of the same drug, in the 
same pharmaceutical form, but developed by different laboratories. 

The exchange or replacement of a medicinal product should not be governed exclusively by the criteria of simplicity in 
its manipulation or reduction of economic cost, should also be considered the concepts of bioavailability and 
bioequivalence to be able to say that two drugs are substitutable. 

2. Material and methods 

Analytical grade hydrochloric acid, sodium hydroxide, sodium borate, potassium chloride and glibenclamide reference 
substance were purchased from Sigma-Aldrich (San Louis Missouri, USA). For the preparation of solutions, deionized 
water obtained in a Millipore® system was used.  

Eight solid tablets dosage formulations containing 5 mg of drug were studied: Daonil® (Sanofi-Aventis, Mexico) as 
innovator (product A) versus seven formulations of various suppliers of the Mexican health sector (product B, C, D, E, F, 
G and H). The innovator product was purchased at a pharmacy, and the other products were donated by the IMSS. 

2.1. Instrumentation and chromatographic conditions 

An Agilent 1100 series HPLC (Wilmington, DE, USA) consisted of a quaternary pump, an automatic injector, variable 
wavelength detector, and a column oven. Data was collected using Agilent ChemStation software.  

LC separation was carried out using a Keystone Hypersil BDS C18 column (2 mm x 300 mm, 3 m). A gradient method 
was employed using 10% of 25 mM ammonium hydroxide buffer (pH = 3.5) and 90% water (A), and 10% of buffer pH 
= 3.5 and 90% acetonitrile (B), from 10 to 100% B in 2 min at 100% B from 2 to 5 minutes, from 10% to 5.2 min. 

2.2. Preparation of standard solutions and calibration curves 

A stock solution of 100 µg/mL was prepared in methanol using the glibenclamide reference standard. Standards were 
prepared in the concentration range 0.1-100 µg/mL. The peak area versus drug concentration was treated by linear 
least square regression analysis. 

2.3. Quality control 

The 7 test products and the innovator were tested for uniformity of content and assessment according to Mexican 
regulations [9]. Content uniformity is based on the assay of the drug substance in a number of individual dosage units 
to determine whether the individual contents are within set limits (Not less than 85% and not more than 115%). The 
dosage form must not contain less than 90% and not more than 110% of the amount indicated on the label. 
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2.4. Dissolution 

Dissolution tests were performed in compliance with FEUM [10] using an apparatus 2 (paddles) at 75 rpm and 500 mL 
of dissolution medium. The dissolution media employed was borate buffer 0.05 M pH 9.5. The bath temperature was 
maintained at 37 ± 0.1 °C. Six drug products (6 tablets per manufacturer) were evaluated and dissolution samples were 
collected at 15, 30, 45 and 60 min. The medium was replaced at 37 ± 0.5 °C to a constant volume. At each time point, a 
1 mL sample was removed from each vessel using a glass syringe and filtered through an acrodisc® filter (0.45 m, 25 
mm) into labeled glass tubes and transferred to amber vials for subsequent analysis. The amount of drug released from 
each tablet in the dissolution samples was determined by the HPLC method mentioned above. The analytical method 
used was previously validated (unpublished data). 

Dissolution profiles for each product were compared with the innovator to determine the similarity of the generic 
products and innovator. The values of the response obtained were interpolated in a calibration curve prepared on the 
same day of the test. 12 dosage units per product were analyzed.  

2.5. Data analysis 

Analytical data were analyzed using Excel® software programs for statistical and graphical comparisons. To compare 
the dissolution profiles of all generic and innovator brands, the model-independent approach of similarity factor (𝑓2) 
must be employed. If the relative standard deviation (RSD) of the percentage dissolved of the reference drug is greater 
than that established (%RSD dissolved is ≤ 20% for the first sampling time and ≤ 10% for subsequent times), an 
alternative statistical test should be used. For each product the percentage of drug dissolved with respect to nominal 
dose at the sampling times established was calculated according to the equation: 

% Dissolved = {C (mg/mL) * (100 mL/tablet weight) * (average weight/5 mg) * 100} 

3. Results 

3.1. Quality control of the products 

Five of 7 products under study met the Pharmacopoeia specifications for content uniformity (Table I). if one unit is 
outside the range of 85% to 115% of the amount declared on the label and no unit is outside the range of 75% to 125% 
of the declared amount, or if the RSD is more than 6%, or if both conditions prevail, 20 additional units must be analyzed 
[9]. This was the case for product C, which met the requirement that no more than 1 unit of the 30 units analyzed was 
outside the range from 85% to 115% of the amount declared in label, and no unit was outside the range of 75% to 125%; 
nevertheless, the RSD of 30 units of dosage turned out to be more than 7.8% (7.9%). Based on the requirements 
described in the Mexican regulations, product C is not considered interchangeable, due to that it did not comply with 
the content uniformity specifications, since it presented a content of 117.7% with a RSD of 8.6% (must contain between 
85% and 115% of active principle with a RSD less than 7.8%). Although all the analyzed products contained a percentage 
of active principle very close to the lower and upper limit of 90-110 %, the products B, D, F, G and H, complied with the 
assay requirements. The product E presented a difference of assay requirement 5.36% greater than allowed compared 
with the innovator product (it must not be higher than 5%). 

Table 1 Quality control of pharmaceutical products 

Product Uniformity of 
content (%)a 

Assay 

(%)b 

Average 
weight(g)a  

A (innovator)  105.1 (1.0) 103.9(0.4) 0.164 (0.8) 

B  98.9 (1.8) 90.6(0.9) 0.096 (1.2) 

C  109.0 (7.9) 101.9(1.8) 0.075 (1.6) 

D  92.3 (1.7) 100.5(0.6) 0.079 (2.2) 

E  101.7 (3.9) 109.2(1.8) 0.152 (4.9) 

F  106.9 (2.8) 103.5(1.6) 0.103 (2.0) 

G  107.3 (2.7) 100.5(0.7) 0.102 (3.1) 

H  94.2 (3.9) 101.1(2.1) 0.092 (2.5) 
a RSD Relative Standard Error 

b SD Standard deviation 
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3.2. Dissolution test 

Table II shows the average of the percentage dissolved for each sampling time and the %RSD of the 12 units assessed 
for each product. It can be seen that only some products meet the requirement of the normativity [9], which establishes 
that the RSD% at the first sampling time must be ≤ 20% and ≤ 10% in the subsequent times, to proceed the calculation 
of the factor of similarity ƒ2. For this reason, the dissolution profile of the innovative drug was repeated twice in two 
different days. This trial also showed high %RSD values. The Mexican normativity indicates that if the criteria mentioned 
above are not met, an alternative and sustainable statistical method that allows the comparison of the dissolution 
profiles must be applied. For this study, the analysis of variance proposed by Mauger et al. was used (p<0.05) [11]. 

The in vitro dissolution profiles of the tablets are shown in Figure 1. Each data point represents a mean of twelve 
measurements for each product. All products failed with the dissolution specification, Q, as dissolution not less than 
70% of the labeled amount of glibenclamide within 45 min. The percentage of drug dissolved, calculated for the 
sampling times at 15, 30 and 45 min showed a high variability, it can be seen that the dissolution profiles of the test 
products do not show similarity with that of the innovator. This is consistent with what has been published by various 
authors who have found significant differences in terms of the amount of drug dissolved, particularity that presented 
those drugs with a low solubility and high permeability, as glibenclamide [12, 13]. 

 

Figure 1 In vitro dissolution profiles of products acquired by Mexican Health Care System. Each data point represents 
a mean of twelve measurements. 

According to the statistical method used, products D and E did not show statistically significant differences in dissolution 
profiles compared to the innovator product; nevertheless, the product E did not fulfill with the specification of the assay, 
thus only one product (product D) of the seven tested, can be considered interchangeable.   

Five of seven generic products met the quality control specifications. One product did not meet the requirements 
established for the content uniformity test, and another one presented differences in assay limits being higher than that 
allowed in comparison with the innovator. It was possible to observe significant differences between the dissolution 
profiles at the different sampling times between the different laboratory products that supply the Mexican Health 
Sector. According to the alternative statistical method used, products D and F did not show statistically significant 
differences in dissolution profiles compared to the innovative product. Of the seven drugs evaluated, only one proved 
to be interchangeable. 
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Table 2 Average of the percentage dissolved for each sampling time and the %RSD of the 12 units assessed for each 
product 

Product Time 
(minutes) 

5 15 30 45 60 

A  (innovator)  25.2 18.2 21.2 24.2 26.8 

  RSD (%) 19.3 14.9 13.3 11.6 8.7 

B  5.5 13.7 15.6 16.0 15.2 

  RSD (%) 18.4 21.6 14.9 9.7 11.3 

C  14.9 16.7 19.7 22.8 23.4 

  RSD (%) 11.9 12.0 8.7 7.9 8.7 

D  2.8 7.4 13.1 15.9 16.8 

  RSD (%) 64.0 29.4 10.4 7.9 6.4 

E  7.2 18.1 23.5 26.9 27.6 

  RSD (%) 40.7 15.6 12.4 10.8 9.9 

F  6.8 21.1 26.9 28.9 28.3 

  RSD (%) 20.1 12.8 5.2 5.9 5.1 

G  1.70 5.0 11.2 13.4 14.1 

  RSD (%) 12.89 8.6 4.6 6.0 18.4 

H  4.9 16.8 31.1 31.6 30.4 

  RSD (%) 28.0 31.6 3.9 3.9 4.7 

I  6.7 10.0 13.1 15.0 17.2 

  RSD (%) 19.9 11.2 8.6 9.1 9.3 

J  23.1 24.1 29.8 36.2 38.1 

  RSD (%) 14.3 11.8 11.6 25.2 7.0 

 = Average 
RSD Relative Standard Error 

 

4. Conclusion 

Five of seven generic products met the quality control specifications. One product did not meet the requirements 
established for the content uniformity test, and another one presented differences in assay limits being higher than that 
allowed in comparison with the innovator. It was possible to observe significant differences between the dissolution 
profiles at the different sampling times between the different laboratory products that supply the Mexican Health 
Sector. According to the alternative statistical method used, products D and F did not show statistically significant 
differences in dissolution profiles compared to the innovative product. Of the seven drugs evaluated, only one proved 
to be interchangeable.  Properly controlled bio-equivalence studies are strongly recommended to further investigate 
the potential inequivalence of the tested products. 
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