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Abstract: Diarrhea is a common adverse event at the beginning of metformin 
hydrochloride use. Extended-release (XR) tablets are an alternative for patients 
intolerant to the immediate-release formulation. This study evaluated the perception 
of gastrointestinal adverse events (GAE), quality, and dissolution behavior between 
reference (R) and generic (G) XR formulations. A prospective cohort study recorded 
diarrhea, abdominal discomfort, and impact on daily activities using a perception 
form. R and G were analyzed for quality and dissolution behavior. Among 29 patients, 
16 used R (55.2%) and 13 G (44.8%). Both groups presented GAE (diarrhea: R= 8, G= 8; 
abdominal discomfort: R= 9, G= 7). BMI was significantly associated with the occurrence 
of GAE regardless of the medications studied. All samples met pharmacopoeial quality 
standards. The Higuchi model best described the dissolution kinetics of R, and Peppas-
Sahlin for G. The dissolution profiles were similar (F2= 67), although the dissolution 
efficiency differed by more than 10%. Our findings reinforce the interchangeability 
between reference and generic medicines, providing an effective option for patients 
with type II diabetes mellitus. This strengthens the principles of the National Generic 
Medicines Policy in Brazil, contributing to the sustainability of the healthcare system and 
the democratization of access to essential medicines.
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INTRODUCTION
According to the International Diabetes 
Federation (IDF) (IDF 2025), the number of 
people with diabetes mellitus (DM) in 2024 
was 588.7 million worldwide and 16.6 million 
in Brazil. Metformin hydrochloride (MET) is an 
orally administered antihyperglycemic agent 
and is considered the first-choice drug for the 
treatment of type II diabetes mellitus (DM2) 
(Elgawish et al. 2019).

The primary described mechanism of 
action of MET involves the inhibition of hepatic 

gluconeogenesis. However, increasing evidence 
indicates that its action occurs primarily in the 
gastrointestinal system, with the intestine being 
the initial and principal site of action (Cheng et 
al. 2024). Additionally, Duca et al. (2015) reported 
that the reduction of hepatic gluconeogenesis 
by MET requires activation of the duodenal 
glucagon-like peptide-1 (GLP-1) receptor, 
involving protein kinase A (PKA) signaling and 
a neuron-mediated pathway connecting the 
intestine and liver through the brain. This 
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highlights the role of the duodenal GLP-1 
receptor in the effect of MET via the intestine-
liver-brain axis (Duca et al. 2015).

The main adverse events (AE) related to MET 
use are gastrointestinal disorders, with diarrhea 
and nausea being the most common (Bonnet & 
Scheen 2017). Diarrhea associated with MET use 
typically appears at the beginning of treatment 
but may recur with chronic use (Burton et al. 
2015). Such events are more frequent in patients 
using immediate-release (IR) formulations 
compared to those using extended-release (XR) 
forms. The XR formulation has been the most 
prescribed therapeutic option for patients 
intolerant to the IR formulation, in addition to 
exhibiting less fluctuation in plasma levels and 
offering easier dosage regimens (Derosa et al. 
2017, Nabrdalik et al. 2022).

The transport proteins that facilitate the 
intestinal absorption of MET are primarily organic 
cation transporters (OCTs), plasma membrane 
monoamine transporter (PMAT), and serotonin 
transporter (SERT), contributing approximately 
25%, 20%, and 20%, respectively, to its transport 
(Cheng et al. 2024, Han et al. 2015).

Several factors can influence the transport 
and absorption of MET. OCTs act as inflow 
pumps, and a reduction in their expression 
or activity in the intestine, as well as their 
saturation, can result in the accumulation of MET 
in the lumen, contributing to drug intolerance 
(McCreight et al. 2016). Similarly, Dawed et al. 
(2019) suggest that genetic variations affecting 
the expression of PMAT, located apically on the 
enterocyte membrane, may also lead to luminal 
accumulation of MET, increasing the risk of 
gastrointestinal adverse events (GAE) (Dawed 
et al. 2019). Additionally, MET shares structural 
similarities with the neurotransmitter serotonin, 
leading to competition for the same transporter 
(SERT). As a result, serotonin accumulates in the 
intestine, potentially causing nausea, vomiting, 

and diarrhea (Cheng et al. 2024, Cubeddu et al. 
2000, McCreight et al. 2016).

In a systematic review and meta-analysis, 
Nabrdalik et al. (2022) evaluated the risk of 
GAE in patients with DM2 treated with MET. 
Although they did not identify a significant 
risk of GAE associated with either the dose or 
duration of MET treatment, they observed that 
the XR formulation is associated with a lower 
risk of bloating and diarrhea compared to the 
IR formulation (Nabrdalik et al. 2022). This is 
likely related to the drug release rate from the 
pharmaceutical form, as faster release rates 
lead to increased intestinal concentrations, 
resulting in transporter saturation. Conversely, a 
reduction in GAE is expected with slower release 
rates of MET. However, no studies have yet 
compared GAE across different dosage forms.

Several studies have reported that MET can 
induce changes in the intestinal microbiota 
(Jones & Molloy 2021, McCreight et al. 2016, 
Mueller et al. 2021). MET positively stimulates 
the growth of bacteria that produce short-chain 
fatty acids (SCFA), leading to elevated SCFA levels 
in the colon. This enhances glucose regulation 
by increasing GLP-1 secretion and activating 
intestinal gluconeogenesis, thereby improving 
host metabolism (Mueller et al. 2021). While 
MET has a beneficial impact by reducing the 
presence of Bacteroides fragilis and increasing 
Lactobacillus spp. and Akkermansia spp. (Ke et 
al. 2021), microorganisms involved in folic acid 
production, which may be negatively affected by 
the drug’s action. This disruption can create an 
imbalance in the intestinal microbiota, adversely 
affecting other folic acid-dependent species. 
Consequently, potentially virulent strains 
may develop in the lumen, causing cramps, 
abdominal pain, and diarrhea, amplifying GAE 
(Olgun 2017).

To date, studies have compared the frequence 
of GAE, as well as other parameters related to this 
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drug and DM2, involving immediate-release and 
MET-XR formulations (Blonde et al. 2004, Cander 
et al. 2014, Donnelly et al. 2009, Du et al. 2024). 
However, no previous investigation in Brazil has 
focused on comparing the perception of GAE 
between reference and generic XR formulations, 
which are available through the Brazilian Popular 
Pharmacy Program. This comparison is essential 
to corroborate the principles of the National 
Policy on Generic Medicines in Brazil, as well 
as to provide trustworthy evidence supporting 
their interchangeability.

In this context, this study aimed to investigate 
potential differences in the perception of GAE 
among users of different presentations of 500 
mg MET-XR. Additionally, it sought to evaluate 
the quality and release rate of the drug from 
its pharmaceutical form, considering its 
widespread accessibility through the Brazilian 
Popular Pharmacy Program.

MATERIALS AND METHODS
Assessment of the occurrence of gastrointesti-
nal adverse events

Study design

This prospective cohort study evaluated the 
occurrence of GAE in patients with DM2 who 
initiated treatment with MET-XR tablets.

T h e  s t u d y  p r o t o c o l  ( C A A E 
35995620.0.0000.5545) was approved by the 
National Research Ethics Commission (CONEP) 
of Brazil under opinion number 4,499,538.

Context (setting)

The study was conducted in two private drugstore 
chains located in two cities in the interior of 
the State of Minas Gerais, registered with the 
Popular Pharmacy Program of the Ministry of 
Health. Patients were also recruited from the 
Brazilian Public Health System (SUS).

Participants were recruited by the study 
team during medicine dispensing services. All 
eligible patients, whether they accepted or 
declined participation, were instructed on the 
occurrence of GAE, disease management, and 
the proper use and disposal of medicines. 
These instructions were provided using booklets 
validated by Aquino et al. (2017), which were 
delivered and explained to patients (https://
ufsj.edu.br/lafarc/arquivos.php). Only those 
who agreed to participate in the study answered 
questions about their eating habits and lifestyle 
and were guided in completing the AE perception 
form.

Participants

Patients aged 18 years or older who initiated 
treatment with MET-XR tablets for the first time, 
sought the service during the study period, and 
agreed to participate after reading and signing 
the Free and Informed Consent Form, were 
eligible to participate. For accompanied patients, 
the guidelines were provided to their caregiver 
or legal representative. Pregnant women were 
excluded from the study. Participants were 
paired by category (reference or generic) and 
age, with a variation of ± 5 years. Those who 
did not return or submit the completed AE 
awareness form within 90 days were classified 
as dropouts.

Forms employed

The recruitment form included questions related 
to the study’s inclusion and exclusion criteria. 
Additionally, data such as gender and the 
category of medicine purchased were collected. 
The questionnaire used (Supplementary 
Material - Appendix S1) to assess eating habits 
and lifestyle addressed the daily and weekly 
frequency of fruit, vegetable, and alcoholic 
beverage consumption. Participants also 
reported their daily bowel movement frequency 
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and the presence of diarrhea in the previous 
month.

The GAE perception form was developed 
based on the questionnaire validated by Lui 
et al. (2017). This included stickers to classify 
the intensity of diarrhea as mild, moderate, or 
severe, depending on the number of stickers 
used, making it easier to complete. Participants 
were also asked to rate, on a scale from 0 to 10, 
how GAE impacted their daily activities, level of 
disposition, mood, family, and social life.

During the interview, patients were informed 
about how to complete the AE perception form, 
its characteristics, and the appropriate actions 
to take if GAE occurred. Patients were instructed 
to return the form during their next medicine 
purchase, within a period of 30 to 90 days. 
Alternatively, they could send a photo of the 
completed form via the WhatsApp® application. 
Those who failed to return the form within 30 
days were contacted by telephone.

Bias

To minimize memory bias, patients were provided 
with the AE awareness form to complete at 
home. To address selection bias, all site teams 
involved in the study received specific training 
to assist with patient recruitment.

Study population

All patients with DM2 (n= 32) who sought 
the service from March 2021 to June 2022 to 
initiate MET-XR treatment for the first time 
were considered eligible. However, after three 
withdrawals (n= 3), twenty-nine individuals (n= 
29) remained in the study. The small sample size 
can be attributed to the COVID-19 pandemic, 
which required the suspension of data collection 
at various points during the study, thereby 
limiting our findings.

Quantitative variables

The variables weight, height, and age were 
self-reported using a recruitment form. The 
frequency of daily and weekly consumption of 
fruits, vegetables, and alcoholic beverages was 
obtained through the eating habits and lifestyle 
assessment questionnaire. Statistical analysis 
was then used to determine whether these 
variables contributed to the occurrence of GAE.

Additionally, the AE perception form, 
validated by Lui et al. (2017) and adapted for this 
study, provided data on the daily and monthly 
frequency of diarrhea episodes, as well as the 
presence of abdominal discomfort over 30 days.

The presence of diarrhea and abdominal 
discomfort was classified as GAE. Body mass 
index (BMI) was calculated using the ratio of 
weight (kg) to height (m) squared (Bertoluci et 
al. 2023).

Quality assessment of metformin hydrochlori-
de extended-release tablets, and dissolution 
behavior biopharmaceutical study

Pharmaceutical specialties

The tablets were purchased in October 2021 in 
the pharmaceutical form of MET-XR, comprising 
a reference medicine (R) and a generic medicine 
(G). The samples were selected based on their 
availability at the locations where the cohort 
study was conducted. Table I presents the 
composition of the excipients.

Reagents

Quality tests, and dissolution behaviors were 
carried out using anhydrous dibasic sodium 
phosphate, anhydrous monobasic potassium 
phosphate purchased from the company 
Synth® (Diadema, Brazil), and sodium hydroxide 
obtained from the company Isofar® (Duque de 
Caxias, Brazil). The chemical reference substance 
(RS) of MET was purchased from the American 
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Pharmacopoeia (Rockville, USA). The purified 
water was obtained from Spencer deionizer 
model 165p – 43V (Santo André, Brazil). The 
preparation of 0.05 mol/L phosphate buffer (pH 
6.86) was carried out according to the American 
Pharmacopoeia (USP 2021).

Equipaments

Bel® analytical balance, model M214 A (Monza, 
Italy); IKA® magnetic stirrer model RT10 
(Wilmington, USA); Tecnopon® digital pH meter, 
model MPA 210 (Piracicaba, Brazil); Logan 
Instruments® Dissolutor, model UDT-812GS 
(Somerset, USA); Shimadzu® Spectrophotometer, 
model UV-Mini 1240 (Kioto, Japan).

Quality assessment

Pharmacopoeial tests were performed as 
described for Metformin Hydrochloride 
Extended-Release Tablets :  uni t  dose 
uniformity (weight variation) and dissolution 
(ultraviolet [UV] detection). However, the MET 
assay was conducted using the absorption 
spectrophotometry technique in the UV region 
(232 nm) instead of high-performance liquid 
chromatography (HPLC). It is noteworthy that the 
employed technique is described for Metformin 
Hydrochloride Tablets, is applied to IR dosage 
form (USP 2021), and is also more cost-effective. 
To address the limitations of the spectroscopic 
method, such as sensitivity to impurities and 
degradation products, partial validation was 
performed (Brazil 2017).

Partial validation

The quantification of MET in tablets was not 
carried out using the HPLC method. Therefore, 
partial validation was conducted using 
absorption spectrophotometry in the ultraviolet 
region, in accordance with the analytical 
methods validation guide of the National Health 
Surveillance Agency (Anvisa) (Brazil 2017). 
The evaluated parameters included linearity, 
precision, accuracy, and selectivity.

To determine linearity, three analytical 
MET curves were prepared in triplicate on 
three different days. The linearity of the curve 
at concentrations of 1.0, 4.0, 7.0, 10.0, and 13.0 
µg/mL was evaluated using the ordinary least 
squares method (OLSM) (Brazil 2017).

Precision and accuracy were assessed at 
three concentration levels: low (2.0 µg/mL), 
medium (6.0 µg/mL), and high (12.0 µg/mL). For 
each level, three solutions were independently 
prepared on three different days. The relative 
standard deviation and recovery percentage 
were used to evaluate precision and accuracy, 
respectively.

Selectivity was assessed by preparing an 
aqueous solution fortified with croscarmellose 
sodium, microcrystalline cellulose, and 
Hypromellose (Dilebo & Gabriel 2019). Partial 
validation included water as the solvent for 
assay, while for the dissolution behavior, a 0.05 
mol/L (pH= 6.86) phosphate buffer solution was 
used as the solvent.

Table I. Excipients present in decreasing order of concentration, as described in the leaflets of the pharmaceutical 
specialties used in the study.

Sample Composition (percentual amount related to tablet weight)

R Magnesium stearate, croscarmellose sodium, and hypromellose (31.4%)

G Magnesium stearate, croscarmellose sodium, hypromellose, microcrystalline cellulose (45.4%)
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Assay

To determine the drug content, twenty units (n= 
20) were weighed and pulverized. An amount 
of powder equivalent to 100 mg of MET was 
transferred to a 100 mL volumetric flask, and 
approximately 50 mL of deionized water was 
added. The mixture was stirred for 15 minutes. 
The volume was then adjusted with the same 
solvent, and the solution was homogenized, 
yielding a concentration of 1.0 mg/mL. The 
sample was filtered (qualitative filter, diameter: 
12.5 cm) and diluted with the same solvent to a 
concentration of 10 μg/mL. Measurements were 
taken using a UV-Visible spectrophotometer at 
233 nm, with water used to adjust the zero. The 
test was performed in triplicate (USP 2021). The 
MET content was determined using an analytical 
MET RS curve.

Uniformity of unit doses

To determine the uniformity of drug distribution 
in pharmaceutical units, the weight variation 
method was applied. The number of samples 
tested varied according to the pharmacopoeial 
specification and the respective stages of 
approval. The acceptance value (AV) was 
calculated according to Equation 1 (USP 2021):

Where, M is the reference value,  represents 
the average of individual contents, n is the 
number of units tested, k is the acceptability 
constant, being 2.4 for n= 10, and 2.0 for n= 30 
and, s represents the standard deviation of the 
sample (USP 2021).

Dissolution test

One thousand milliliters of phosphate buffer 
(pH 6.8) and a paddle set at 100 rpm for 10 hours 
were used as dissolution conditions (n= 6). A 5 
mL aliquot was withdrawn from the dissolution 

medium at 1, 3, and 10-hour intervals, with the 
volume in the medium replaced after each 
withdrawal. Each sample was filtered (qualitative 
filter), and 2 mL of the filtrate was transferred 
to a 100 mL volumetric flask. The volume was 
adjusted with phosphate buffer (pH 6.8), applying 
the same dilution procedure for all samples, 
to obtain a theoretical concentration close 
to 10 μg/mL for spectrophotometric reading. 
This approach ensured consistency of sample 
preparation across time points, independent 
of the percentage of drug dissolved at each 
interval. Measurements were taken at 232 nm, 
with phosphate buffer used to adjust the zero.

The following tolerance limits were 
considered for each time point: 20% to 40% of the 
MET amount dissolved in 1 hour, 45% to 65% in 3 
hours, and above 90% in 10 hours (USP 2021). For 
MET quantification in the dissolution medium, 
the previously validated spectrophotometric 
method was used. The amount of MET was 
determined using an analytical MET RS curve.

Dissolution behavior

The test (n= 12) was conducted in accordance 
with RDC No. 31, dated August 11, 2010, under the 
same conditions as the dissolution test (Brazil 
2010). Aliquots were withdrawn at 0.5, 1, 2, 3, 4, 6, 
8, and 10 hours, with the volume in the medium 
replaced after each withdrawal. Each sample 
was diluted in the same manner as described 
in the dissolution test and measured at 232 nm, 
with phosphate buffer used to adjust the zero. 
The concentrations at each time point were 
determined using an analytical MET RS curve, as 
described in the partial validation.

Comparison of dissolution behaviors, and 
determination of dissolution kinetics

The drug dissolution behavior was plotted by 
graphing the average percentage dissolved (n= 
12) as a function of time. The yield percentage 
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values obtained were compared using the 
similarity factor (F2) based on the independent 
model method, as established in Resolution 
RDC No. 31, dated August 11, 2010, according to 
Equation 2. Dissolution behaviors with F2 values 
> 50 were considered similar (Brazil 2010, Moore 
& Flanner 1996).

Where, n is the number of collection times 
considered for F2 calculation purposes, Rt is the 
percentage dissolved at time t, obtained with 
the Reference Medicine or Comparator, and Tt 
is the percentage dissolved at time t of the Test 
Medicine or altered formulation (Brazil 2010, 
Moore & Flanner 1996).

The dissolution efficiency (DE) was 
determined as proposed by Khan (1975). It is 
a metric used to evaluate drug dissolution in 
in vitro assays and can be defined as the area 
under the dissolution curve up to a certain time, 
expressed as a percentage of the area of the 
rectangle described by 100% dissolution. DE is 
applied to compare different formulations or 
production methods, assessing performance 
in terms of drug release. There is no defined 
value to classify DE, as it depends on the type 
of formulation, therapeutic goal, and expected 
dissolution behavior. However, for comparative 
studies, a difference of up to 10% between two 
products may be considered acceptable. The 
DE calculation, expressed as a percentage, is 
performed according to Equation 3 (Anderson et 
al. 1998, Khan 1975).

Where,  refers to the area under the 
dissolution behavior curve, y100 represents the 
maximum possible dissolution value, typically 
100%, which corresponds to the complete 
release of the active pharmaceutical ingredient, 

and t is the total time interval evaluated in the 
dissolution test (Anderson et al. 1998, Khan 1975).

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 selected based on the adjusted 
coefficient of determination (R²adjusted) and the 
model selection criteria (MSC). Furthermore, 
the average dissolution time (ADT) for each 
sample was determined. All calculations were 
performed using the Microsoft Office Excel® add-
in DDsolver® (Zhang et al. 2010).

Statistical analysis

Data from the GAE perception study were 
collected using the Questionnaire Development 
System (QDS®) V2.6.1 program. Continuous 
variables were first tested for normal 
distribution using the Kolmogorov-Smirnov test. 
If data followed a normal distribution (p > 0.05), 
parametric tests were applied, otherwise, non-
parametric tests were used. For comparisons 
between two independent groups (R vs G), the 
independent t-test or Mann-Whitney U test 
was applied, depending on the distribution. For 
paired samples, the Wilcoxon Signed Rank test 
was used. Categorical variables were analyzed 
using Pearson’s chi-square test.

The Kolmogorov-Smirnov test was applied 
for the descriptive analysis of the data (age, 
weight, height, BMI, diarrhea, and abdominal 
discomfort), considering a normal distribution 
when p > 0.05. The independent t-test was used 
to compare parametric data (weight, height, and 
BMI). Non-parametric data (age) were analyzed 
using the Wilcoxon Signed Rank Sum Test, and 
for independent samples, the Mann-Whitney 
U Test (diarrhea as total days and episodes 
per month; abdominal discomfort as total 
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days). Pearson’s Chi-square test was used for 
categorical variables (sex; diarrhea at baseline, 
presence of diarrhea, and levels categorized 
as mild, moderate, and severe; abdominal 
discomfort by presence and levels categorized 
as mild, moderate, severe, and very severe; and 
the influence of bowel habits on daily activities, 
disposition level, bad mood, family life, and 
social life). All analyses were performed using 
IBM® SPSS® statistical software, with significance 
level of 5% (p < 0.05).

When evaluating the frequency of abdominal 
discomfort, the data were categorized into four 
quartile ranges or quartiles, with the frequency 
of abdominal discomfort being low: 0 times; 
average: 1 to 2 times; high: 3 to 9 times; very high: 
10 to 30 times. To assess the impact on patients’ 
quality of life, the data were categorized into 3 
quartile ranges or quartiles, with little being: 0 
to 3; reasonable: 4 to 7; a lot: 8 to 10.

For the analytical curves, linearity was 
assessed following RDC No. 166, dated July 24, 
2017 (Brazil 2017), which is aligned with the 
International Council for Harmonization (ICH) 
guideline Q2(R1) on validation of analytical 
procedures (FDA 2021). This ensured compliance 
with internationally recognized criteria for 
method validation. The normality of the 
dissolution data was confirmed before applying 
the Student’s t-test.

To quantify the MET, analytical curves 
were constructed, which were subjected to the 
statistical treatment of linearity using treatment 
of outliers by the Jacknife test, normality by the 
Ryan-Joyner test, independence of residues by 
the Durbin-Watson test, and homoscedasticity 
by the Brown-Forsythe test.

Regarding the results of pharmacopeial 
tests and dissolution behaviors, statistical 
analysis was performed using GraphPad Prism® 
software version 8.0 (GraphPad Software Inc., CA, 
USA). The results were expressed as arithmetic 

average values and standard deviation (  ± SD). 
Student’s t-test was applied to compare paired 
values, using a significance level of 95% (p < 
0.05).

RESULTS
Sixteen patients (55.2%) who used the reference 
medicine (R) and thirteen (44.8%) who used the 
generic medicine (G) were included in the study. 
Three (n= 3) patients were treated as losses 
because they did not return the AE perception 
form, as shown in Figure 1.

The data obtained from the evaluation of 
the eating habits of the participants in this study 
showed that the majority frequently consume 
fruits (n= 22; 75.9%), raw vegetables and salads 
(n= 20; 69.0%), and cooked vegetables (n= 24; 
82.8%). Furthermore, 86.2% of patients (n= 
25) reported never or rarely drinking alcohol. 
Regarding the frequency of bowel movements, 
eighteen participants (n= 18; 62.1%) reported 
going to the bathroom once a day, seven (n= 7; 
24.1%) twice a day, and four (n= 4; 13.8%) three or 
more times a day.

Sociodemographic data, as well as the 
perception of GAE associated with the use of 
MET-XR in the two groups of recruited patients, 
and the analysis of the presence and absence 
of GAE according to the study variables, are 
described in Tables II and III, respectively.

The GAE were noticeable, but it was not 
possible to relate them to the use of medicine 
R (n= 9) or G (n= 9). Furthermore, the use of 
medicine G significantly impacted the daily 
activities, family, and social lives of the study 
participants. In Table III, when evaluating 
possible variables that may have contributed 
to the emergence of GAE, only BMI showed a 
statistically significant relationship.

In the present study, the statistical analyses 
performed did not include adjustments for 
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multiple comparisons. It is important to note 
that p-values were presented descriptively, 
requiring careful interpretation of the results. 
However, it is known that the absence of such 
adjustments may increase the risk of identifying 
statistically significant associations by chance.

To evaluate the quality of MET-XR tablets, 
partial validation was performed. The linearity 
test resulted in an average linear correlation 
coefficient (r) of 0.9999 for dosing and 0.9999 
for dissolution, respectively. Since the values 
obtained were higher than the minimum 
acceptance criterion (r ≥ 0.990), the test was 
considered satisfactory (Brazil 2017). The 
homoscedasticity of the data was confirmed 
using the OLSM.

In evaluating precision and accuracy, the 
inter-day coefficient of variation was 2.15% 
to 3.74% for the assay test and 1.61% to 5.36% 
for dissolution. Furthermore, with regard to 
selectivity, no interference from excipients 
was observed at the same wavelength used to 

quantify MET (232 nm) (Dilebo & Gabriel 2019). 
Therefore, it was demonstrated through the 
parameters of linearity, precision, accuracy, and 
selectivity that the pharmacopoeial methods 
used for the quantification of MET in the 
dissolution medium and in the XR tablets were 
suitable.

Table IV shows the results regarding the 
quality control of the tablets for the unit dose 
uniformity tests using the weight variation 
method, dissolution test, and assay.

Both samples exhibited satisfactory results 
for the weight variation, dissolution, and assay 
tests. In the dissolution test, the samples from 
group G met the specifications according to the 
criteria established for the L2 stage (Table IV).

From the dissolution behavior, dependent 
mathematical models were calculated to 
evaluate the dissolution kinetics of the two 
formulations of MET-XR, as shown in Table V, 
Figure 2, and Figure 3.

Figure 1. Flowchart of patients using metformin hydrochloride 500 mg extended-release recruited for the study 
(Junior et al. 2023).



ANGELO ELIAS MERI JUNIOR et al.	 METFORMIN: ADVERSE EVENTS, BIOPHARMACEUTICAL STUDY

An Acad Bras Cienc (2026) 98(2)  e20250312  10 | 19 

Table II. Sociodemographic data, and perception of gastrointestinal adverse events of patients selected for the 
study and treated with metformin hydrochloride 500 mg extended-release reference (R), and generic (G), in Minas 
Gerais, Brazil 2021 - 2022 (n= 29).

Variable
Medicine

p value
R (n= 16) G (n= 13)

Masculine 8 4
0.296b

Feminine 8 9

Age (years) 57 (44.75 – 62.00) 55 (44.00 – 66.00) 0.529c

Weight (kg) 86.43 (5.36) 68.25 (5.06) 0.016d

Height (m) 1.73 (0.03) 1.62 (0.02) 0.006d

BMI (kg/m2) 28.69 (1.34) 25.86 (1.46) 0.167d

Baseline (presence of diarrhea) 1 (3.4%) 2 (6.9%) 0.573b

Presence of diarrhea 8 (50.0%) 8 (61.5%) 0.310b

Diarrhea

Mild 2 (25.0%) 2 (25.0%)

0.472bModerate 3 (37.5%) 1 (12.5%)

Severe 3 (37.5%) 5 (62.5%)

Total days 7 (4.25 – 10.0) 9 (2.0 – 12.0) 0.505a

Episodes per month 11 (6.75 – 16.50) 13 (3 – 17) 0.878a

Presence of abdominal discomfort 9 (56.3%) 7 (53.8%) 0.834b

Abdominal discomfort

Mild 7 (43.7%)  6 (46.1%)

0.223b
Moderate 2 (12.5%) 0 (0.0%)

Severe 5 (31.3%) 2 (15.4%)

Very severe 2 (12.5%) 5 (38.5%)

Total days 9 (2.5 – 9.5) 12 (9.0 – 17.0) 0.069a

Influence of bowel habits

Daily activities

Few 16 (100.0%) 9 (69.2%)

0.017bReasonable 0 (0.0%) 4 (30.8%)

Many 0 (0.0%) 0 (0.0%)

Disposition level

Few 14 (87.5%) 9 (69.2%)

0.125bReasonable 0 (0.0%) 3 (23.1%)

Many 2 (12.5%) 1 (7.7%)

Bad mood

Few 15 (93.7%) 10 (76.9%)

0.093bReasonable 0 (0.0%) 3 (23.1%)

Many 1 (6.3%) 0 (0.0%)
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Figure 2 allows a direct comparison of 
the dissolution behaviors between MET-XR 
formulations R and G. It can be observed that 
both formulations reached the yield percentages 
established in the predetermined times (1, 3, and 
10 hours), as recommended by The United States 
Pharmacopeia (Table IV) (USP 2021). However, G 
exhibited significantly faster drug release in the 
initial hours (30 and 60 minutes).

The best mathematical models that 
described the dissolution kinetics for groups 
R and G were Higuchi and Peppas-Sahlin, 
respectively (Table V). Data shown in Figure 3. 
Although tablets R and G presented different 
dissolution kinetics, the F2 value (similarity 
factor) was 67, indicating that the dissolution 
behaviors are similar (Brazil 2010). 

Finally, Table VI presents the values of DE 
(%) and ADT (h). R and G medicines showed 
similar ADT, although the DE differed by more 
than 10%. This finding, along with the dissolution 
kinetics found, can likely be attributed to the 
composition of the tablets in question.

DISCUSSION
To our knowledge, this is the first study 
to evaluate GAE perception between two 
formulations of MET-XR medicines. Our findings 
demonstrate that there was no difference in the 

perception of GAE regardless of the category 
studied (reference and generic medicines). 
Although BMI was significantly associated with 
the occurrence of GAE in the overall analysis 
(Table III), there was no significant difference in 
BMI values between patients using the R and G 
formulations (Table II). Therefore, this variable 
might represent a confounding factor that 
influences the perception of GAE, rather than 
a determinant of the differences between the 
reference and generic medicine.

Patients diagnosed with DM2 are, for the 
most part, overweight (Bertoluci et al. 2023). This 
is consistent with the findings of the present 
study, in which both groups had a BMI above 25.0 
(Table II). Eslick & Talley (2016) demonstrated 
that gastrointestinal disorders are directly 
related to an increase in BMI. Obese individuals, 
followed by overweight patients, exhibited a 
higher frequency of gastrointestinal symptoms, 
particularly abdominal pain, esophageal 
symptoms, and diarrhea (Eslick & Talley 2016).

In a study conducted in the United States, 
an increase in BMI was observed to lead to 
vomiting, abdominal pain, edema, and diarrhea 
(Delgado-Aros et al. 2004). Similarly, Aro et al. 
(2005) conducted an endoscopic study in a 
European population, reporting that obesity 
is directly associated with incomplete bowel 
movements, vomiting, and diarrhea (Aro et al. 

Familiar life

Few 16 (100.0%) 10 (76.9%)

0.042bReasonable 0 (0.0%) 3 (23.1%)

Many 0 (0.0%) 0 (0.0%)

Social life

Few 16 (100.0%) 8 (61.5%)

0.024bReasonable 0 (0.0%) 4 (30.8%)

Many 0 (0.0%) 1 (7.7%)
aNon-parametric data presented as median (interquartile range: 25-75%), and statistical analysis performed by Mann-Whitney U 
Test. bPearson’s Chi-square test. cNon-parametric data presented as median (interquartile range: 25-75%), and statistical analysis 
performed using the Wilcoxon Signed Rank Sum Test. dParametric data presented as average (standard deviation), and statistical 
analysis performed by independent T Test.

Table II. Continuation.
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2005). Therefore, careful attention should be 
given to the negative impact of GAE and the 
use of medicine G on daily activities, social, and 
family life, as these results may be related to 
BMI, which was significantly associated with the 
emergence of GAE.

Moreover, the higher frequency of GAE 
observed in patients with higher BMI may be 

attributed to physiological mechanisms such 
as increased intra-abdominal pressure and 
accelerated intestinal transit (Aro et al. 2005). 
Delgado-Aros et al. (2004) suggested that 
alterations in gastric emptying, intestinal transit 
time, or secretory responses might influence 
the prevalence of gastrointestinal symptoms in 
obese individuals. This evidence indicates that 

Table III. Comparison between the presence or absence of gastrointestinal adverse events (GAE) according to the 
study variables (n= 29).

Variable With GAE No GAE p value

Sex
Masculine 4 (13.8%) 7 (24.2%)

0.119b

Feminine 13 (44.8%) 5 (17.2%)

Age 57 (46.3 – 63.0) 54 (43.0 – 65.0) 0.574c

Weight 81.1 (20.8) 72.8 (21.2) 0.316a

Height 1.7 (0.1) 1.7 (0.1) 0.158a

BMI 29.2 (5.1) 24.5 (4.3) 0.023a

Category
Reference 10 (62.5%) 6 (37.5%)

0.958b

Generic 8 (61.5%) 5 (38.5%)

Weekly eating 
habits

Fruits

Every day 9 (50%) 4 (36.4%)

0.772b
Often 5 (27.8%) 4 (36.4%)

Rarely 4 (22.2%) 3 (27.3%)

Never 0 (0.0%) 0 (0.0%)

Raw vegetables, 
and salads

Every day 6 (33.3%) 4 (36.4%)

0.708b
Often 7 (38.9%) 3 (27.2%)

Rarely 4 (22.2%) 4 (36.4%)

Never 1 (5.6%) 0 (0.0%)

Cooked vegetables

Every day 6 (33.3%) 3 (27.3%)

0.943b
Often 9 (50.0%) 6 (54.5%)

Rarely 3 (16.7%) 2 (18.2%)

Never 0 (0.0%) 0 (0.0%)

Alcoholic beverage

Every day 1 (5.6%) 0 (0.0%)

0.319b
Often 3 (16.7%) 0 (0.0%)

Rarely 6 (33.3%) 3 (27.3%)

Never 8 (44.4%) 8 (72.7%)
aParametric data presented as mean (standard deviation), and statistical analysis performed by independent T Test. bPearson’s 
Chi-square test. cNon-parametric data presented as median (interquartile range: 25-75%), and statistical analysis performed by 
Mann-Whitney U Test.
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metabolic factors and dietary habits can impact 
the obesity GAE relationship (Delgado-Aros et 
al. 2004).

In this context, our findings regarding BMI 
significantly interfering with the participants’ 
routine activities in this study could likely be 
considered a confounding factor influencing 
both the perception and occurrence of GAE.

In parallel, the results of this study 
demonstrated that there was no difference in 
the perception of GAE based on the category of 
MET-XR used. This finding may be associated with 
the release profile of the evaluated medicines, 
as both, despite having different dissolution 
kinetics, presented similar results. On the 
other hand, the number of patients included 
in this study can be considered a limitation in 
evaluating GAE perception for drugs R and G, 
which justifies the need to expand the study to 
a larger sample size.

In evaluating the dissolution kinetics, the 
Higuchi model was assigned to medicine R. This 
model is typically used to describe dissolution 
resulting from the diffusion of drugs through the 
pores of hydrophilic matrices (Mohamed Rizwan 
& Damodharan 2020). This can be attributed 

to the composition of this medicine, which 
includes hydrophilic polymeric excipients such 
as croscarmellose sodium and Hypromellose 
(Rowe et al. 2017).

The Peppas-Sahlin model suggests that 
drug release in sample G is accomplished by 
two mechanisms: diffusion and relaxation 
(Wu et al. 2019). This model describes drug 
release systems involving a combination of 
Fickian diffusion and polymer matrix relaxation 
from case II. Both phenomena can occur 
simultaneously, with a slight prevalence of one 
over the other depending on the dissolution 
time (Mohamed Rizwan & Damodharan 2020). 
In Fickian diffusion, the drug’s diffusion rate 
in the most superficial layers of the delivery 
system occurs through pores and precedes the 
relaxation of the polymer matrix chains. In case 
II, faster diffusion takes place due to greater 
relaxation of the polymer chains as a result 
of hydration, allowing a larger amount of the 
drug to be exposed to the dissolution medium 
(Burkinshaw & Liu 2022). 

Sample G contains the same excipients 
described for R, but additionally presents 
microcrystalline cellulose, which may account 

Table IV. Uniformity values of unit doses by the method of weight variation, dissolution, and assay of metformin 
hydrochloride 500 mg extended-release tablets used in the study.

Sample
Pharmacopeial test

Weight variation Dissolution 
(% yield)

Assay ( ± SD)
(n= 3)

Specifications AV ≤ 15 (L1), n= 10
AV ≤ 25 (L2), n= 30

1h: 20 – 40
3h: 45 – 65
10h: > 85

90.0 – 110.0%

R 2.8
1h: 26 – 34 
3h: 51 – 59

10h: 91 – 99
97.8 (0.2)

G 6.7
1h: 32 – 44 (35)*
3h: 55 – 58 (57)*
10h: 85 – 94 (91)*

94.8 (0.5)

AV: acceptance value. *Passed in L2, the average of the 12 units (L1 + L2) is within each of the indicated ranges, and the declared 
quantity is not less than that presented at the end of the test; no value is greater than 10% of the labeled content outside each 
of the declared ranges; and no value is greater than 10% below the declared labeled content at the end of the test20.
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for the difference observed in the dissolution 
kinetics. It is known that this ingredient is 
commonly used as a disintegrant and diluent, 
and is capable of forming a hydrophilic polymeric 
barrier in an aqueous medium (Zhao et al. 2022), 
explaining the observed behavior.

During the development of generic 
medicines in solid form for oral use, it is necessary 
to demonstrate that the generic candidate 
product presents the same dissolution behavior 
as the reference medicine. In this regard, two 
methods can be used to compare dissolution 
behaviors: the F2 factor (recommended by 
Anvisa) (Brazil 2010) and DE. It is known that F2 is 
a qualitative indicator, while DE determines the 
ratio between the area under the curve (AUC) 
obtained from the dissolution behavior and the 
total area of the rectangle, considered as 100% 
dissolution. In this way, the results obtained for 
DE allow the data to be theoretically correlated 
with in vivo data, as oral bioavailability can be 
estimated by integrating the absorption AUC as 
a function of time. Both methods are used to 

suggest in vitro bioequivalence (Anderson et al. 
1998, Storpirtis et al. 2004).

In the present study, the F2 value for the 
two formulations was 67, indicating dissolution 
behavior similar. This qualitative result is 
corroborated by the ADT values, where both 
formulations showed 50% dissolution in 
approximately 3 hours (Table VI). In contrast, 
the difference in DE between the samples 
was greater than 10% (Table VI), which can be 
explained by the different dissolution kinetics 
found for R and G (Table V and Figure 3).

The interpretation of dissolution behavior 
was based not only on F2 but also on DE, MDT, 
and mathematical modeling of release kinetics. 
These three complementary approaches 
confirm the conclusion that formulations R and 
G exhibit similar dissolution behaviors despite 
their distinct release mechanisms.

In a study conducted in Saudi Arabia, six 
different brands of MET were evaluated, and five 
(83%) were considered interchangeable with the 
innovative medicine based on the DE values 

Table V. Results of kinetic models, and dissolution mechanisms for the 500 mg extended-release metformin 
hydrochloride medicine, obtained through mathematical models. Results expressed as average (n= 12).

R G

Model R2
adjusted MSC R2

adjusted MSC

Zero-order 0.5223 0.5096 0.2883 0.0983

First-order 0.9721 3.3739 0.8887 2.0139

Higuchi 0.9808 3.7643 0.9646 3.2293

Korsmeyer-Peppas 0.9750 3.4261 0.9759 3.5675

Hixson-Crowell 0.9269 2.4108 0.7922 1.3406

Hopfenberg 0.9235 2.2550 0.8161 1.3871

Baker-Lonsdale 0.9370 2.6587 0.9726 3.4749

Peppas-Sahlin 0.9754 3.3555 0.9775 3.6867

Quadratic 0.9275 2.3115 0.8232 1.4221

Weibull 0.9517 2.6755 0.9565 2.8759

Logistic 0.9270 2.3062 0.9383 2.5316

Gompertz 0.8383 1.5031 0.8892 1.8987
Values in bold correspond to the most significant mathematical models. R2

ajusted: adjusted coefficient of determination. MSC: 
model selection criteria.
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observed (Afifi & Ahmadeen 2012). Additionally, 
Al Bratty et al. (2020), evaluated ten different 
brands of MET, all of which had a DE of less than 
10%, and were considered interchangeable (Al 
Bratty et al. 2020).

The limitations of the present study 
include the small sample size, which restricted 
statistical power, the generalization of the data, 
and the use of more robust statistical models 
for GAE analysis. No adjustments for multiple 
comparisons were performed, which may have 
contributed to the lack of perceived differences 
between the categories studied (MET-XR 
reference and generic), as well as in the impact 
on daily activities, family, and social life of the 
participants. Moreover, no pharmacokinetic data 
was collected, which would have been essential 
to directly correlate dissolution behavior with 
clinical outcomes. Additionally, patients using 
MET-XR may experience other adverse events, 

such as nausea, vomiting, anorexia, epigastric 
pain, weakness, and metallic taste in the mouth, 
which were not part of the variables collected 
(Rodrigues Neto et al. 2015). 

The use of other medicines, dietary 
patterns, specific foods (lactose, legumes, and 
beans) that affect intestinal motility or pre-
existing gastrointestinal conditions should 
also be controlled in future studies. Therefore, 
the absence of these variables, as well as the 
patients’ overweight status, may represent 
confounding factors that need to be evaluated. 
Another issue concerns the quantification of MET 
by HPLC to increase the sensitivity of analyses in 
new research. It is strongly recommended that 
future multicenter studies be conducted with 
a larger sample size, control of confounding 
factors and biases, and statistical corrections for 
multiple comparisons. Finally, it is essential to 
include adjustments for multiple comparisons 
in the statistical analyses to avoid Type I errors 
(false negative).

In this study, it was demonstrated that 
there was no difference in the perception of 
GAE between the two categories of MET-XR. The 
dissolution behaviors were similar (F2 > 50), 
indicating that they are equivalent, although 
they have distinct dissolution kinetics and DE 
greater than 10%. Future studies are encouraged 
to explore pharmacogenomic and microbiome 
profiles, which may influence interindividual 
variability in GAE among MET users. Additionally, 
obtaining pharmacokinetic data would be 
valuable to correlate dissolution behavior results 
with in vivo bioavailability. Further research 
should also include patients using MET-IR and 
address the limitations identified in this study.

Figure 2. Dissolution behavior of metformin 
hydrochloride 500 mg extended-release tablets, 
where R: reference medicine, G: generic medicine, 
and Q: Tolerance established by the United States 
Pharmacopeia (USP 2021). *Significant difference 
between R and G (p < 0.05).
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CONCLUSIONS
In this study, no difference was observed in GAE 
frequency between generic and reference MET-
XR users. Moreover, MET-XR tablets demonstrated 
acceptable pharmacopeial quality and similar 
dissolution behavior, although they have 
presented distinct dissolution kinetics and DE 
greater than 10%.  Our findings supported the 
interchangeability between R and G medicines, 
offering safe and effective alternatives for 
patients with DM2. This strengthens the aims 
of the National Policy on Generic Medicines 
in Brazil, contributing to the sustainability of 
the health system and the democratization of 
access to essential medicines. 
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