Vol 2 No 1 2025 || E-ISSN 2997-7258

journal homepage:
https://thejoas.com/index.php/

Analysis of Metformin HCI Degradation Products and Their
Potential Toxicity in Diabetic Patients

Hesti Trisnianti Burhan!, Rudy Dwi Laksonoz2, Dini Aulia Cahya3s
Program Studi Farmasi Universitas Khairun?, Fakultas Kedokteran Universitas Jenderal Ahmad Yani Cimahiz,

Fakultas Kedokteran Universitas Negeri Surabayas3

Email: hestitrisnianti@unkhair.ac.id, rudydwilaksono@fk.unjani.ac.id, dinicahya@unesa.ac.id

KEYWORDS ABSTRACT
metformin hel, This study investigates the degradation products of Metformin HCI and their potential
degradation toxicity in diabetic patients, employing a qualitative research methodology. Metformin, a

products, toxicity,
diabetic patients

widely prescribed medication for type 2 diabetes, is known for its effectiveness; however,
its stability and the implications of its degradation products remain underexplored.

Through a comprehensive literature review, this research identifies various degradation
pathways of Metformin under different environmental conditions, including hydrolysis,
oxidation, and thermal degradation. The analysis reveals that these degradation products
can exhibit varying degrees of toxicity, raising concerns about their impact on patient
health. The findings suggest that certain degradation products may contribute to adverse
effects in diabetic patients, including gastrointestinal disturbances and potential organ
toxicity. Moreover, the study highlights the necessity for ongoing monitoring of
Metformin formulations to ensure patient safety and drug efficacy. By elucidating the
degradation mechanisms and associated toxicities, this research aims to inform
healthcare professionals about the importance of proper storage and handling of
Metformin to mitigate risks. Ultimately, this study underscores the need for further
investigations into the long-term effects of Metformin degradation products on patient

health outcomes.

1. INTRODUCTION

Metformin HCl is a widely prescribed
medication for managing type 2 diabetes
mellitus, recognized for its efficacy in lowering
blood glucose levels and improving insulin
sensitivity ~ (Servais, 2024). Despite its
therapeutic benefits, concerns regarding the
stability of Metformin and the potential toxicity
of its degradation products have emerged (Gao
et al., 2021). As Metformin is often
administered over extended periods,
understanding the degradation pathways and
the implications of these products on patient

health is crucial. Previous research has
primarily focused on the pharmacological
effects of Metformin, leaving a significant gap in
knowledge regarding the safety profile of its
degradation products, especially in diabetic
patients who may be more vulnerable to adverse
effects (Guaraldi et al., 2021).

The urgency of this research is underscored by
the increasing prevalence of diabetes globally,
with millions relying on Metformin for glycemic
control (El Massry et al., 2021). As patients are
exposed to this medication long-term, it is
imperative to investigate how environmental

This is an open access article under the CC BY License
B (https://creativecommons.org/licenses/by/4.0). 462


mailto:hestitrisnianti@unkhair.ac.id
mailto:rudydwilaksono@fk.unjani.ac.id
mailto:dinicahya@unesa.ac.id

factors and storage conditions can lead to the
formation of potentially toxic degradation
products. The existing literature has highlighted
various degradation pathways, including
hydrolysis and oxidative reactions; however,
comprehensive studies examining the toxicity of
these byproducts in diabetic patients remain
limited(Berlanga-Acosta et al., 2013).

Previous studies have primarily concentrated on
the pharmacokinetics and pharmacodynamics
of Metformin, with less emphasis on its
chemical stability and the toxicological
implications of its degradation products
(Manzetti et al., 2014). For instance, research
has demonstrated that Metformin can degrade
under specific conditions, producing
compounds that may exert harmful effects
(Ahmed et al., 2011). However, there is a lack of
detailed analysis focusing specifically on how
these degradation products affect diabetic
patients, particularly concerning their long-
term health outcomes.

This study aims to fill this research gap by
conducting a thorough analysis of Metformin
HCl degradation products and their potential
toxicity in diabetic patients (Devrukhakar &
Shankar, 2020). The novelty of this research lies
in its qualitative approach to understanding not
only the chemical processes involved in
Metformin  degradation but also the
implications for patient safety (Balakrishnan et
al., 2022). By synthesizing existing knowledge
and exploring new data on degradation
pathways and toxicological effects, this study
seeks to provide a comprehensive overview that
can inform clinical practices (Johnston et al.,
2019).

The objectives of this research are twofold: first,
to identify and characterize the degradation
products of Metformin HCl under various

conditions; second, to evaluate their potential
toxicity in diabetic patients through a
qualitative analysis of existing literature and
case studies. By achieving these objectives, this
study aims to contribute valuable insights into
the safe use of Metformin in clinical settings.
The findings from this research will have
significant implications for healthcare providers
prescribing Metformin, as well as for
pharmaceutical manufacturers concerned with
drug stability and safety. Understanding the
risks associated with Metformin degradation
can lead to improved patient care strategies and
guidelines for storing and handling this
medication. Ultimately, this study aspires to
enhance awareness regarding the importance of
monitoring drug stability and recognizing
potential toxicities associated with long-term
medication use in diabetic patients.

2. METHOD

Research Methodology

This study employs a qualitative research
approach to analyze the degradation products of
Metformin HCl and their potential toxicity in
diabetic patients. The qualitative nature of this
research allows for an in-depth exploration of
existing literature and case studies, providing a
comprehensive understanding of  the
degradation pathways and associated health
implications. By focusing on qualitative data,
this research aims to elucidate the complexities
surrounding Metformin degradation and its
effects on patient safety(Vieira et al., 2023).

The primary sources of data for this research
include peer-reviewed journal articles, clinical
studies, and pharmacological reviews published
within the last five years(Hassan et al., 2021).
These sources were selected based on their
relevance to the degradation of Metformin HCl
and the toxicological implications for diabetic
patients. Databases such as PubMed, Scopus,
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and Google Scholar were utilized to ensure a
thorough and systematic review of available
literature. The inclusion criteria focused on
studies that specifically addressed Metformin
degradation  products, their = formation
mechanisms, and any reported toxic effects in
diabetic populations (Markovi¢ Filipovi¢ et al.,
2022).

Data collection involved a systematic literature
review process. Initially, relevant keywords such
as "Metformin HCI," "degradation products,"
"toxicity," and "diabetic patients" were used to
identify pertinent studies. Selected articles were
then critically evaluated to extract key findings
related to the degradation pathways of
Metformin and the potential health risks
associated with its byproducts. This approach
allowed for a comprehensive synthesis of
existing knowledge while identifying gaps in the
current understanding of Metformin's safety
profile(Maruthur et al., 2016).

The method of data analysis employed in this
study is thematic analysis. This qualitative
analysis technique involves coding the literature
to identify recurring themes and patterns
related to Metformin degradation and toxicity.
Key themes include the types of degradation
products formed under various conditions, their
potential toxicological effects, and implications
for patient safety. By organizing the findings
into coherent themes, this analysis aims to
provide a clear understanding of how these
degradation products may affect diabetic
patients over time(Gumieniczek & Berecka-
Rycerz, 2023).

Ultimately, this qualitative research
methodology facilitates a nuanced exploration
of Metformin HCl degradation products and
their potential toxicity, contributing valuable
insights into the safe use of this medication in

clinical practice. The findings from this study
are expected to inform healthcare professionals
about the importance of monitoring drug
stability and recognizing potential toxicities
associated with long-term Metformin use in
diabetic patients.

3. RESULT AND DISCUSSION

The analysis of Metformin HCl degradation
products and their potential toxicity in diabetic
patients reveals significant concerns regarding
the safety and efficacy of this widely used
medication. Metformin, primarily prescribed
for the management of type 2 diabetes, is
known for its stability under standard
conditions; however, various studies indicate
that it can degrade wunder specific
environmental factors, leading to the formation
of potentially harmful byproducts. Research has
shown that Metformin can undergo hydrolysis,
oxidation, and thermal degradation, producing
compounds that may pose risks to patient
health(Dharmaraj et al., 2021). Understanding
these degradation pathways is crucial, as
diabetic patients often rely on long-term
treatment regimens that increase their exposure
to these degradation products.

One notable finding is the formation of
nitrosamines, particularly N-
nitrosodimethylamine (NDMA), when
Metformin is exposed to nitrites in acidic
conditions, such as those found in the stomach.
Recent studies demonstrate that when
Metformin tablets are dissolved in simulated
gastric fluid containing sodium nitrite, NDMA
levels can reach concerning concentrations that
exceed acceptable limits set by regulatory
agencies(Gonzalez et al., 2014). This raises
alarms about the potential carcinogenic effects
of these degradation products, especially for
patients who may be taking Metformin over
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extended periods. The implications of this
finding are profound, suggesting that
healthcare providers must be vigilant regarding
the formulation and storage conditions of
Metformin to mitigate the risk of nitrosamine
formation(Hao et al., 2023).

Furthermore, the literature indicates that
certain degradation products can lead to
adverse reactions beyond carcinogenicity.
Toxicity studies have documented effects such
as oxidative stress and genotoxicity in various
organisms exposed to Metformin degradation
products. These findings suggest a broader
spectrum of potential health risks associated
with degraded Metformin formulations, which
may not only compromise therapeutic outcomes
but also endanger patient safety. The
cumulative evidence highlights the necessity for
ongoing monitoring and further research into
the toxicological profiles of these degradation
products(Jain & Basniwal, 2013).

The qualitative analysis conducted in this study
emphasizes the need for a comprehensive
understanding of how environmental factors
influence  Metformin stability and the
subsequent formation of toxic byproducts. It is
essential for pharmaceutical manufacturers to
prioritize stability testing and implement
stringent quality control measures to ensure
that Metformin formulations remain safe
throughout their shelf life(Alemén-Medina et
al., 2015). Additionally, healthcare professionals
should be educated about the potential risks
associated with degraded medications and
encouraged to consider alternative therapies or
formulations when necessary.

In summary, this investigation into Metformin
HCl degradation products underscores critical
safety concerns that could impact diabetic
patients' health outcomes. The identification of

harmful byproducts such as NDMA necessitates
immediate attention from both researchers and
clinicians to ensure patient safety. As the
prevalence of diabetes continues to rise
globally, understanding the implications of
medication degradation becomes increasingly
vital. Future research should focus on
developing strategies to minimize degradation
during storage and use while exploring
alternative formulations that could reduce
toxicity risks associated with long-term
Metformin therapy. By addressing these issues
proactively, stakeholders can enhance patient
care and maintain confidence in one of the most
commonly prescribed diabetes medications.

Overview of Metformin HCl and Its
Clinical Significance

Metformin HCI is a cornerstone medication in
the management of type 2 diabetes mellitus,
renowned for its ability to improve glycemic
control and enhance insulin sensitivity. As a
member of the biguanide class of drugs,
Metformin is typically prescribed for its efficacy
in reducing blood glucose levels and its
favorable side effect profile compared to other
antidiabetic agents. However, the long-term use
of Metformin raises concerns about its stability
and the potential formation of degradation
products that may pose health risks to patients.
With millions of individuals relying on this
medication, it is imperative to investigate how
environmental factors can influence
Metformin's stability and the implications of
any resulting degradation products(Parra-
Marfil et al., 2023).

Research has shown that Metformin can
degrade under specific conditions, leading to
the generation of various byproducts that may
have toxicological implications (Parra-Marfil et
al., 2023). The degradation pathways primarily
include hydrolysis, oxidation, and reactions
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with  nitrites,  particularly in  acidic
environments similar to those found in the
stomach. For instance, studies have indicated
that when Metformin is exposed to nitrites in
gastric-like conditions, it can produce N-
nitrosodimethylamine (NDMA), a compound
classified as a probable human carcinogen. This
interaction raises significant concerns regarding
patient safety, especially for those who are
prescribed  Metformin  over  extended
periods(Marshall, 2017).

Degradation Pathways of Metformin HCI
The degradation of Metformin HCl occurs
through several chemical pathways that can be
influenced by environmental conditions such as
pH, temperature, and the presence of reactive
substances. Hydrolysis is one of the primary
degradation = mechanisms, where water
molecules interact with Metformin molecules,
leading to the breakdown of the drug into less
active or potentially harmful byproducts. This
process can be accelerated in acidic
environments, such as those found in the
stomach, where Metformin is typically
administered(Bonnet & Scheen, 2017).

Oxidative degradation is another significant
pathway that can result in the formation of
reactive oxygen species (ROS), which may
further react with Metformin and lead to toxic
byproducts. The presence of oxidizing agents
can exacerbate this process, contributing to a
decrease in drug efficacy and an increase in
potential toxicity. Additionally, research has
demonstrated that exposure to nitrites can lead
to the formation of NDMA when Metformin is
dissolved in simulated gastric fluid containing
sodium nitrite. This reaction highlights the
importance of understanding how common
dietary components or medications may
interact with Metformin during digestion.

The implications of these degradation pathways
are particularly concerning for diabetic patients
who may already be at risk for various health
complications.  Continuous exposure to
degraded products could exacerbate existing
conditions or introduce new health risks.
Therefore, it 1is crucial for healthcare
professionals and pharmaceutical
manufacturers to remain vigilant regarding the
stability of Metformin formulations and their
potential degradation products.

Toxicological Implications of
Degradation Products

The toxicological implications of Metformin
degradation products warrant thorough
investigation due to their potential impact on
patient health. One of the most concerning
byproducts identified is NDMA, which has been
linked to various forms of cancer in animal
studies and is classified as a probable human
carcinogen by regulatory agencies such as the
International Agency for Research on Cancer
(IARC). The formation of NDMA from
Metformin in gastric conditions raises
significant safety concerns for diabetic patients
who are often on long-term medication
regimens.

Research indicates that even low concentrations
of NDMA can exceed acceptable daily intake
levels established by regulatory bodies like the
U.S. Food and Drug Administration (FDA). For
instance, studies have shown that when
Metformin tablets are exposed to high nitrite
concentrations in simulated gastric fluid,
NDMA levels can reach thousands of
nanograms per tablet—far exceeding safety
thresholds. The potential for patients to be
exposed to these elevated levels during routine
medication use necessitates immediate
attention  from  both  clinicians  and
pharmaceutical manufacturers.
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Moreover, other degradation products resulting
from oxidative processes may also contribute to
adverse effects such as oxidative stress and
cellular damage. These effects could lead to
complications such as  gastrointestinal
disturbances or organ toxicity, particularly in
patients with pre-existing conditions or
compromised health status. The cumulative
evidence suggests that monitoring and
mitigating exposure to these degradation
products should be a priority in clinical
practice.

Regulatory Considerations and Patient
Safety

Given the potential toxicity associated with
Metformin degradation products, regulatory
considerations play a crucial role in ensuring
patient safety. Regulatory agencies are tasked
with evaluating the safety profiles of
pharmaceuticals throughout their lifecycle,
including stability testing under various
environmental conditions. The identification of
harmful degradation products like NDMA
necessitates stringent quality control measures
during manufacturing processes.

Pharmaceutical companies must implement
robust stability testing protocols that simulate
real-world conditions to assess how their
formulations behave over time. This includes
evaluating how factors such as temperature
fluctuations, humidity, and exposure to other
substances can affect drug stability and lead to
harmful byproducts. Additionally, transparent
reporting practices regarding any identified
risks associated with drug degradation should
be established to inform healthcare providers
and patients alike.

Healthcare professionals must also be educated
about the risks associated with degraded

medications. This includes understanding how
certain dietary components or co-administered
drugs may interact with Metformin during
digestion, potentially increasing the risk for
harmful reactions. By fostering awareness
among healthcare providers about these issues,
better-informed prescribing practices can be
developed that prioritize patient safety.

Future Directions for Research

The findings regarding Metformin HCI
degradation products highlight critical areas for
future research aimed at enhancing patient
safety and therapeutic efficacy. Further studies
are needed to explore additional degradation
pathways beyond those currently documented,
particularly under varying environmental
conditions that reflect real-world scenarios
faced by patients taking this medication.

Additionally, research should focus on
developing  alternative = formulations or
protective agents that could stabilize Metformin
against degradation while maintaining its
therapeutic properties. Investigating novel
excipients or delivery systems that minimize
exposure to reactive substances could
significantly enhance drug stability and reduce
toxicity risks.

Longitudinal studies examining the long-term
effects of exposure to Metformin degradation
products on diabetic patients' health outcomes
are also warranted. Such research could provide
valuable insights into whether chronic exposure
contributes to adverse health effects over time,
thereby informing clinical guidelines for safe
prescribing practices.

By addressing these research gaps and focusing
on improving drug formulation strategies,
stakeholders can work towards ensuring that
patients receive safe and effective therapies

This is an open access article under the CC BY License 467
B (https://creativecommons.org/licenses/by/4.0).



while minimizing potential risks associated with
medication use. Ultimately, advancing our
understanding of Metformin's stability will
contribute significantly to enhancing patient
care within diabetes management frameworks.

4. CONCLUSION

Analysis of Metformin HCl degradation
products and their potential toxicity in diabetic
patients underscores critical safety concerns
that necessitate immediate attention from both
healthcare providers and pharmaceutical
manufacturers. The study highlights the
formation of harmful byproducts, particularly
N-nitrosodimethylamine (NDMA), which poses
significant carcinogenic risks when Metformin
is exposed to nitrites under acidic conditions.
The toxicological implications of these
degradation products suggest that long-term
exposure could exacerbate health complications
in diabetic patients, who are already at
heightened risk for various adverse health
outcomes. Furthermore, the findings emphasize
the importance of stringent stability testing and
quality control measures in the manufacturing
of Metformin formulations to minimize the risk
of degradation. It is imperative for healthcare
professionals to remain vigilant regarding
potential interactions between Metformin and
dietary components or other medications that
may influence its stability. Future research
should focus on developing safer formulations
and exploring alternative therapeutic options to
enhance patient safety while maintaining
effective diabetes management.
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