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Introduction: Metformin hydrochloride (MET) is considered the first drug of choice for the treatment
of type 2 diabetes mellitus. Adverse events (AEs) related to the use of MET are mainly gastrointestinal-
related. The speed of drug release and its accumulation in the intestine may explain gastrointestinal
AEs. This work aimed to compare the quality and differences in the speed of drug release from tablets
containing immediate-release MET (850 mg) available in Brazil. Methods: Four products were
analyzed (a reference and three generic medicines [G1, G2, and G3]) for drug content, unit dose
uniformity, and dissolution. Dissolution behaviors were performed and compared using mathematical
models. Results: All samples satisfied quality parameters for pharmacopoeial tests. Regarding the
dissolution behavior, the reference and G3 exhibited fast dissolution, whereas G1 and G2 were
classified as very fast. The Peppas-Sahlin model was considered the best fit for R, and the Quadratic
model was the best fit for G1 and G3 (it was not possible to determine the dissolution kinetics for G2
due to its very fast dissolution rate). Conclusion: Although all medicines demonstrated adequate
quality, there was no similarity among the dissolution behaviors. This reinforces the need to
implement more efficient pharmacovigilance policies by the National Health Surveillance Agency
(Anvisa) in Brazil.
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change in lifestyle, mainly related to eating habits and physical activity. When these changes

are not sufficient for glycemic control, continuous medication should be started (1). Currently,
treatment with oral medicines is the main therapeutic option available for patients with DM2.
Although other treatment options are available, metformin hydrochloride (MET) is considered the
first drug of choice (2).

T he treatment of individuals in the initial stage of type 2 diabetes mellitus (DM2) involves a

With a molecular formula of C4H11Ns-HCI, MET is a dimethylbiguanide, derived from the reaction
between dimethylamine hydrochloride and cyanoguanidine under heat (3). Its physical characteristics
are a white or almost white crystalline powder. It appears as a substance easily soluble in water,
slightly soluble in ethyl alcohol, and practically insoluble in ether, acetone, and chloroform (4). It also
has pKa equal to 12.4, thus cationic hydrophilic species are prevalent at physiological pH (5).

In 1897, Dokoumetzidis and Macheras published the first study demonstrating the importance of
dissolution in the biopharmaceutical classification of drugs, thus dissolution was incorporated into
the Biopharmaceutical Classification System (BCS) in 1995, which allowed the classification of drugs
according to intestinal solubility and permeability into four classes (6—8). According to the BCS, MET
is classified as class lll, as it has high solubility and low intestinal permeability, which confers variations
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in the speed of absorption, which is the main limiting factor of its bioavailability (7, 9, 10).

Adverse events (AEs) related to the use of MET, although frequent, are not considered serious and
are mainly gastrointestinal-related, such as nausea, diarrhea, vomiting, abdominal discomfort, and
loss of appetite. Several hypotheses are addressed in relation to the gastrointestinal adverse effects,
such as the speed of drug release and its accumulation in the intestine (11-17). One of the
alternatives for reducing these effects is to decrease the dose or replace the immediate-release (IR)
formulation with the extended-release (XR) formulation (12, 18, 19).

The polymer matrices used in XR formulations provide prolonged and continuous release of the drug,
which leads to gradual absorption and prevents its accumulation in high concentrations throughout
the gastrointestinal environment, since it is a drug with low intestinal permeability (11, 20).

After oral administration, the absorption of a drug from the solid pharmaceutical form depends on
the release, solubilization, and dissolution, in addition to permeability through the gastrointestinal
tract. Thus, in vitro dissolution studies using biorelevant media can be effective in predicting the in
vivo performance of the drug (8, 21). Assessing dissolution behavior allows for checking the amount
of dissolved drug as a function of time. It is as a fairly fast and low-cost test that also allows analysts
to study the kinetic parameters of drug release. These parameters are essential to determine the
speed and efficiency of the process, in addition to the time required for the release of specific
percentages of the drug, making it possible to characterize and compare the in vitro dissolution
behavior of different formulations (8, 22).

This study aimed to investigate whether there are differences in the quality and speed of drug release
for different formulations of 850-mg MET IR tablets, as this drug is available free of charge from the
Public Health System (SUS) and Popular Pharmacy Program in Brazil.

Materials

Four Brazilian immediate-release MET tablets (850 mg) were acquired in October 2021 from different
laboratories and tested within the expiration dates. This study was conducted blind to the brand, with
one being coded as reference and three as generic (G1, G2, and G3). Except for sample G2, all tablets
were film-coated. Table 1 provides the available information from packages and leaflets of the tablets
used in the study.

To carry out the quality tests and dissolution behaviors, anhydrous dibasic sodium phosphate and
anhydrous monobasic potassium phosphate were purchased from Synth (Diadema, Brazil), and
sodium hydroxide was obtained from Isofar (Duque de Caxias, Brazil). A standard solution was
prepared from the United States Pharmacopeia (USP) MET reference standard (RS). The water used
in the preparation of the solutions was obtained using a Spencer deionizer (165p — 43V, Santo André,
Brazil). The preparation of phosphate buffer 0.05 mol/L (pH 6.86) was performed according to USP

(4).
Equipment

The equipment used included an analytical balance (M214 A, Bel, Monza, Italy), magnetic stirrer
(RT10, IKA, USA), digital pH meter (MPA 210, Tecnopon, Piracicaba, Brazil), dissolution tester (UDT-
812GS, Logan, USA), and ultraviolet spectrophotometer (UV-Mini 1240, Shimadzu, Kioto, Japan).
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Table 1. Information From Packages and Leaflets of Immediate-Release Metformin Tablets (850 mg)

Expirati
Sample Composition (% related to tablet weight) Batch no. xr:;at:on
Reference Magnesium stearate, hypromellose, and povidone (4.7%) BR132475 Jan 2023
Magnesium stearate, povidone, starch, polyvinyl alcohol
G1 copolymer, macrogol, silicon dioxide, sodium starch glycolate, L21G42) Jul 2023

and macrogol (14.4%)
Magnesium stearate, povidone, microcrystalline cellulose, silicon
G2" dioxide, ethyl alcohol, hydrogenated vegetable oil, talc, 26487135 Mar 2023
croscarmellose sodium, and reverse osmosis water (13.2%)
Magnesium stearate, hypromellose, povidone, microcrystalline
G3 cellulose, crospovidone, silicon dioxide, titanium dioxide, and LBKP0OO765 Dec 2022
macrogol (18.8%)
*No coating. G1: generic brand 1; G2: generic brand 2; G3: generic brand 3.

Quality Evaluation

The tablets were analyzed for drug content, unit dose uniformity, and dissolution as described in the
USP monograph (4).

For the determination of drug content, 20 tablets were weighed and pulverized. The amount of
powder equivalent to 100 mg of MET was transferred to a 100-mL volumetric flask, then about 50 mL
of deionized water was added and stirred for 15 minutes. The volume was completed with the same
solvent and the solution was homogenized to obtain a concentration of 1.0 mg/mL. The sample was
subsequently filtered and diluted with the same solvent to a concentration of 10 ug/mL. Readings
were performed in the UV-Visible spectrophotometer at 233 nm using water for zero adjustment. The
test was performed in triplicate. The amount of MET was determined using MET RS solution prepared
under the same conditions (4).

To assess uniformity of the drug in the pharmaceutical units, the weight variation method was
applied. The number of samples tested varied according to the pharmacopeial specification and the
respective approval stages. Calculation of the acceptance value (AV) was performed according to
equation: AV = |M — )_(| + ks, where M is the reference value, X represents the mean value of the
individual contents, n is the number of units tested, k is the acceptability constant (k = 2.4 for n = 10;
k =2.0 for n = 30), and s represents the standard deviation of the sample (4).

Dissolution Test and Dissolution Behaviors

In accordance with USP, Dissolution tests were conducted using a paddle apparatus with 1000 mL of
phosphate buffer pH 6.86 as the dissolution medium, rotating at 75 rpm for 30 minutes (n = 6). A 5-
mL aliquot was manually withdrawn from the dissolution medium and filtered (qualitative filter,
diameter: 12.5 cm; basis weight: 80 g/m?; thickness: 205 um; porosity: 14 um). Subsequently, 1 mL
of the filtrate was transferred to a 100-mL volumetric flask. The volume was completed with buffer
pH 6.8 to reach a concentration of 10 pg/mL. Measurements were taken at 232 nm using phosphate
buffer for zero adjustment. The amount of MET present in the medium was calculated, for which the
tolerance is 80% of MET dissolved at the end of the test. The amount of MET was determined using
MET RS solution prepared under the same conditions (4). The operational conditions (temperature
and rotation speed) of the dissolution test were previously confirmed by researchers.
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Dissolution behaviors were also conducted under the same conditions as described above in
accordance with Brazilian National Health Surveillance Agency (Anvisa) (n = 12) (23). Aliquots were
withdrawn at 5, 10, 15, 20, 25, and 30 minutes, with replacement using fresh dissolution medium.
Each sample was diluted as described above, then measured at 233 nm, using phosphate buffer for
zero adjustment. The concentrations at each time were determined based on the analytical curve for
MET RS.

The analytical curve of MET RS was prepared in triplicate using the same solvent in concentrations of
1.0, 4.0, 7.0, 10.0, and 13.0 pg/mL to quantify MET by spectrophotometry.

Comparison of Dissolution Behaviors

The drug dissolution behaviors were plotted using a graph of the average percentage dissolved (n =
12) as a function of time. The values obtained were compared using the independent model method,
applying a similarity factor (f2), and dissolution efficiency (DE). The f> value was calculated as
established by Anvisa (23). Dissolution behaviors with f, values > 50 were considered similar (23, 24).
DE was determined as proposed by Khan (25).

Additionally, the following dependent models were used to evaluate and compare dissolution
kinetics: zero-order, first-order, Higuchi, Korsmeyer—Peppas, Hixson—Crowell, Hopfenberg, Baker—
Lonsdale, Peppas—Sahlin, Quadratic, Weibull, Logistic, and Gompertz. The best model was chosen
based on the adjusted coefficient of determination (R%djusted), as well as the model selection criteria
(MSC). The mean dissolution time (MDT) was also determined for each sample. All calculations were
performed using the Microsoft Office Excel add-in, DDSolver (26).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism (version 8.0, GraphPad Software Inc., USA).
The results were expressed as mean values and standard deviations. Analysis of one-way variance
(ANOVA) was applied, followed by Tukey's post hoc test for multiple comparisons. To compare the
mean results of two groups, the student's t-test was used. In all tests, the significance level adopted
was 95% (p < 0.05).

Dissolution tests for solid oral pharmaceutical dosage forms are applied to evaluate the quality of a
batch, provide guidance in the development of new formulations, certify the maintenance of quality
after modifications to the formulation or technological process, and in the assessment of
pharmaceutical equivalence between products from different manufacturers (27). The biggest
challenge in the development of generic medicines involving solid oral pharmaceutical dosage forms
is adjusting the formulation to obtain pharmacokinetic parameters similar to those of the reference
medicine (28, 29). Differences in dissolution can significantly impact the results in the performance
of the medicine in the patient (30).

The analytical curve shown in Figure 1 was used for the quantification of MET in dissolution studies.
The observed linear correlation coefficient complies with the minimum acceptance criterion (r
0.990) (31).
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Figure 1. Analytical curve employed for Metformin quantification, using phosphate buffer as the solvent for
dissolution. Data are expressed as mean + SD, n = 9.

Results of the dose uniformity, dissolution, and assay evaluations are presented in Table 2. All samples
showed satisfactory results according to criteria established by the USP (4).

Anvisa considers “very fast” dissolution to be when at least 85% of the active substance is released
within 15 minutes, and “fast” dissolution is when 85% is released within 30 minutes (23). As shown
in Figure 2, the reference and G3 showed fast dissolution, whereas G1 and G2 can be classified as
very fast.

Table 2. Results of Unit Dose Uniformity Tests by Weight Variation Method, Dissolution, and Drug Assay in
Immediate-Release Metformin Tablets (850 mg)

Weight Variation Dissolution (%), n=6 Assay (%), n=3
Specifications 2 ;g 2: n” ;g > 80% 95.0-105.0%
Reference 2.9 82-88 96.9 (1.6)
G1 4.6 103-110 95.5 (0.6)
G2 4.1 87-103 10.3(2.9)
G3 1.7 86—96 100.1 (7.0)

*Data are expressed as mean (SD).
G1: generic brand 1; G2: generic brand 2; G3: generic brand 3.
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Figure 2. Dissolution behaviors of immediate-release metformin hydrochloride tablets (850 mg). Data are

expressed as mean (+ SD), n = 12. Dashed line represents values predicted (foreseen) by the Peppas-Sahlin (A:
Reference) and Quadratic (B: G1; D: G3) models.

*Significant difference between Reference and G1 (p < 0.05).
#Significant difference between Reference and G2 (p < 0.05).
aSignificant difference between Reference and G3 (p < 0.05).
Significant difference between G1 and G3 (p < 0.05).
SSignificant difference between G2 and G1 (p < 0.05).
8Significant difference between G2 and G3 (p < 0.05).

G1: generic brand 1; G2: generic brand 2; G3: generic brand 3.

According to the data in Table 3, the dependent mathematical models that best describe the

dissolution kinetics for 850-mg IR MET tablets were Peppas-Sahlin for the reference and Quadratic
for G1 and G3.

It was not possible to determine the dissolution kinetics for G2 due to its very fast dissolution rate
(Fig. 2C). This may be related to the presence of several disintegrating agents in the composition of
G2, such as microcrystalline cellulose, silicon dioxide, and sodium croscarmellose; moreover,
povidone is considered a dissolution enhancer (Table 1) (32). In addition, this tablet is not coated, a
condition that increases its porosity. Other factors that may affect the dissolution rate of tablets

include friability, compression force, hardness, polymorphisms, crystalline structure of drug, and
isomers (33).
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Zero-order 0.8366
First-order 0.8847
Higuchi 0.8859
Korsmeyer—Peppas 0.9193
Hixson—Crowell 0.9025
Hopfenberg 0.8870
Baker—Lonsdale 0.3398
Peppas—Sahlin 0.9226
Quadratic 0.8860
Weibull 0.7945
Logistic 0.8318
Gompertz 0.7620

1.6422
1.8947
1.9217
2.2042
2.0637
1.8353
0.1824
2.1949
1.8442
1.1466
1.3827
1.0250

0.5072
0.8530
0.9525
0.8348
0.9448
0.9422
-67.1117
0.9175
0.9738
0.8508
0.8432
0.7932

0.3823
1.6352
2.7491
1.5589
2.6725
2.4846
-3.9720
2.0400
3.3017
1.5533
1.4960
1.1978

—136.6402
-3.0821
-45.4219
—126.5510

-1.9391
—40.9798

Table 3. Results of Kinetic Modeling of Dissolution Mechanisms for Immediate-Release Metformin Hydrochloride Tablets (850 mg)

—4.7645
—0.9363
-3.6235
-3.1273

-0.7260
—3.6034

0.3907
0.9367
0.8832
0.8128
0.9294
0.9232
0.8049
0.8144
0.9626
0.9527
0.9597
0.9407

0.2300
2.5031
1.8679
1.2735
2.4631
2.2050
1.3407
1.2251
3.0657
2.6972
2.9886
2.6641

Data are expressed as mean values, n = 12.

Bold values correspond to the most significant mathematical models.

G1: generic brand 1; G2: generic brand 2; G3: generic brand 3; R?gustes: adjusted determination coefficient; MSC:

model selection criteria.
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The coating on oral tablets is applied for functional or aesthetic reasons. Film-coating
application can control drug release from its dosage form according to location, extent and
speed (34). The selection process of the ideal polymer to be applied to the coating must
consider solubility in different solvents to guarantee technological flexibility and mechanical
resistance as well as solubility in gastrointestinal fluids to assure suitable bioavailability (35).
Three of the four IR tablets evaluated in this study were film-coated: hypromellose for the
reference and G3 and polyvinyl alcohol copolymer for G1. Although these coating agents do
not have the function of modifying the release of the drug, their thickness may interfere in this
process.

The Peppas-Sahlin model is related to a dissolution behavior involving a polymeric matrix.
According to Table 1, excipients in the reference formulation represent almost 5% of the total
composition of the tablet, with hypromellose and povidone being water-soluble polymers
capable of forming a hydrophilic matrix barrier after contact with an aqueous medium,
allowing for a rapid and constant drug release rate, as can be seen in Figure 2A (36, 37). In the
Quadratic model, represented by samples G1 and G3 (Fig. 2B and 2D), drug dissolution
depends on time and particle contact surface (26). However, the dissolution of G1 was very
fast, while G3 was fast. The percentage of excipients in these samples (G1 14.4%, G3 18.8%,
Table 1) may be related to thickness of the coating, explaining the difference in dissolution
rates. Additionally, it is noted that G1 and G3 contain three to four times more excipients
compared to the reference medicine, explaining the distinction in the assigned mathematical
models.

Low permeability of MET is a limiting factor, because permeability is directly related to drug
absorption and bioavailability (10). The accumulation of MET in the intestine due to the
saturation of its transporters (organic cation transporter [OCT1], plasma membrane
monoamine transporter [PMAT], serotonin transporter [SERT], and choline transporter [CHT]),
can be directly associated to the emergence of gastrointestinal-related AEs. The saturation of
these transporters may also occur owing to interaction with other drugs or genetic
polymorphism. Furthermore, MET can be transported via SERT, which could promote
accumulation of serotonin in the intestine (11).

High oral doses of MET could also contribute to a reduction in the rate of absorption and
consequently to the impairment of bioavailability (38). The average bioavailability of MET is
known to be about 55% after 1.5 hours according to Jeong et al., who also reported incomplete
absorption of IR MET formulations in men (39).

The antihyperglycemic activity of MET correlates with decreased glucose uptake in the
intestine, increased glucose uptake by muscles, and reduction in hepatic glucose production
(5). Due to accumulation of glucose in enterocytes, lactate is released, which causes changes
in the intestinal microbiota (11—-13). There are also reports about the toxic action of MET on
certain species of bacteria, especially those that produce folic acid, such as those of the genera
Lactobacillus, and Bifidobacterium (40). Considering the fast dissolution speed and high
concentration of MET in the intestinal lumen, an additional imbalance in the intestinal
microbiota may occur due to the accumulation of MET, which in turn presents low
permeability. Consequently, potentially virulent strains can develop, causing colic, abdominal
pain, and diarrhea, effects similar to those observed with the use of antimicrobials (40).

The dissolution behavior of the tablets analyzed in this study differed, with G1 and G2 showing
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very fast drug release. The rapid release rate may contribute to the saturation of SERT and
OCT1 and the consequent accumulation of both serotonin and lactate in the intestine, thus
leading to the emergence of gastrointestinal AEs (11-13).

According to Moore and Flanner, the dissolution profiles of two formulations can be compared
by an independent mathematical model called a similarity factor (f;), which is used by several
regulatory agencies as a tool to compare dissolution profiles of a generic drug candidate and
a reference drug. As a form of evaluation, the tested medicine can be considered equivalent
to the reference medicine if it presents an F; value greater than or equal to 50 (23, 24). The
results of f> are shown in Table 4. Data referring to DE and mean dissolution time (MDT) are
shown in Table 5.

As shown in Table 4, no sample showed f; values greater than 50, meaning that the dissolution
profiles are not considered similar. In parallel, MDT was significantly different between all
samples (Table 5). There was also a significant difference of more than 10% between DE values,
suggesting that the medicines are not interchangeable (41).

Table 4. Similarity Factor Analysis of Dissolution Profiles for Inmediate-Release Metformin
Hydrochloride Tablets (850 mg)

Samples Similarity Factor (f2)
Reference vs G1 25.65
Reference vs G2 17.65
Reference vs G3 32.58

G1vs G2 30.45

G1lvs G3 47.88

G2vs G3 27.29

G1: generic brand 1; G2: generic brand 2; G3: generic brand 3.

Table 5. Dissolution Efficiency (DE) and Mean Dissolution Time (MDT) for Inmediate-Release
Metformin Hydrochloride Tablets (850 mg)

Sample DE (%) MDT (min.)
Reference 47 (2.0)2 13.4 (0.02)?
G1 74.0 (2.0)° 9.4 (0.41)°

G2 87.0 (4.0)° 3.1(0.73)¢

G3 66.0 (2.0) 8.7 (0.89)

Data are expressed as mean (SD), n = 12.

aSignificant differences were noted when the Reference was compared with G1, G2, and G3 (p < 0.05).
bSignificant differences were noted when G1 was compared with G2 and G3 (p < 0.05).

Significant differences were noted when G2 was compared with G3 (p < 0.05).

G1: generic brand 1; G2: generic brand 2; G3: generic brand 3.

In a study carried out in Jordan using MET, three out of five brands were not considered
bioequivalent to the reference medicine (42). Moreover, Olusola et al. reported that four out
of eight MET brands were considered interchangeable in vitro (43). These data corroborate
our findings and reinforce the need for effective pharmacovigilance policies in Brazil; only four
of the 14 brands available in the market were evaluated in the present study (44).

Non-adherence to treatment with MET can cause complications related to uncontrolled DM2,
leading to harm to both patients and the public health system. To guarantee the quality of
pharmacotherapy, it is necessary that quality deviations in medicines are avoided by being
identified and eliminated during the production process.
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All four samples demonstrated suitable quality; however, two samples showed fast dissolution
(Rand G3) and two were very fast (G1 and G2). There was no similarity between the dissolution
profiles. Further studies are needed to assess the impact of dissolution speed on the
perception of gastrointestinal-related side effects associated with the use of different
formulations of IR MET (850 mg) as well as to investigate whether supplementation with folic
acid can contribute to the reduction of gastrointestinal AEs. The results of this study show the
importance of public health policies, which must be intensified together with increased health
surveillance, to ensure the quality of medicines available to the Brazilian population.

This study was supported in part by the Coordenacgao de Aperfeicoamento de Pessoal de Nivel
Superior - Brasil (CAPES) (Finance Code 001). The authors have no conflicting interests.
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