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ABSTRACT

This review evaluates the potential of alcoholic plant extracts as complementary treatments for glycemic control in
adults with Type 2 diabetes (T2D). Alcoholic extracts from various plants contain bioactive compounds, such as
alkaloids, flavonoids, and saponins, which have shown promise in modulating insulin sensitivity, inhibiting
carbohydrate-digesting enzymes, and protecting pancreatic beta cells, thus contributing to improved glucose
regulation. This narrative review synthesized findings from recent scientific literature, focusing on the therapeutic
effects, mechanisms of action, safety, and challenges associated with using these extracts in diabetes management.
While preliminary studies indicated beneficial impacts on blood glucose levels, concerns such as variability in extract
composition, limited long-term data, and potential drug interactions highlight the need for cautious use.
Standardization of extraction methods and regulatory oversight were also identified as critical factors to ensure
product quality and efficacy. Furthermore, additional research is recommended to clarify the molecular pathways
affected by these extracts and to conduct long-term trials that assess their safety and effectiveness in diverse
populations. Overall, alcoholic plant extracts show promise as adjunct therapies for glycemic control, though further
investigation and regulation are essential for their integration into clinical practice.
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INTRODUCTION

Type 2 diabetes mellitus (T'2D) is a chronic, metabolic disorder characterized by high blood glucose levels due to
insulin resistance and/or inadequate insulin production [1-37. Globally, T2D has reached epidemic proportions,
affecting over 400 million people, with numbers expected to rise due to lifestyle factors such as physical inactivity,
poor diet, and increasing urbanization. T2D is associated with severe complications, including cardiovascular
disease, kidney failure, and neuropathy, which not only impact the quality of life but also place a significant burden
on healthcare systems [4, 57]. Despite advances in pharmacological treatments, many patients struggle to maintain
glycemic control due to medication side effects, high costs, or a lack of access to quality healthcare, particularly in
low-resource settings.

In light of these challenges, there has been a growing interest in complementary and alternative therapies for
diabetes management. Among these, plant-based medicines hold promise, especially due to their historical use in
traditional medical systems. Alcoholic plant extracts compounds extracted from medicinal plants using alcohol as a
solvent are of particular interest due to alcohol’s effectiveness in extracting bioactive compounds such as alkaloids,
flavonoids, and saponins [6, 7. These compounds have demonstrated potential anti-diabetic effects, including
improved insulin sensitivity, inhibition of carbohydrate-digesting enzymes, and antioxidant properties [8, 97. The
purpose of this review is to evaluate the potential of alcoholic plant extracts for improving glycemic control in adults
with T2D. By examining both clinical and preclinical studies, this review aims to provide insights into the efficacy,
mechanisms of action, and safety profile of these extracts. The goal is to present an evidence-based perspective on
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the role of alcoholic plant extracts as possible adjunct therapies in diabetes management, especially for patients
seeking complementary approaches or facing limitations with standard pharmacotherapy.
METHODOLOGY

This narrative review was conducted by systematically searching the literature to identify studies examining the
effects of alcoholic plant extracts on glycemic control in adults with Type 2 diabetes. Primary databases searched
included PubMed, Scopus, and Google Scholar, ensuring a broad scope of peer-reviewed research. Keywords used
in the search strategy included "Type 2 diabetes," "alcoholic extract," "glycemic control," "herbal medicine," and
"plant-based diabetes treatment." Only studies published in English between 2010 and 2024 were included to
provide a current perspective on this topic. To be included in this review, studies had to meet specific criteria. Eligible
studies focused on adult patients diagnosed with T2D, included an intervention with alcoholic extracts derived from
plants, and reported outcomes related to glycemic control, such as HbA1lc, fasting blood glucose, or insulin
sensitivity. Both human and animal studies were reviewed, as well as in vitro studies when relevant, to provide a
comprehensive understanding of the topic. By including diverse evidence sources, this review aims to explore not
only the clinical efficacy of these extracts but also their mechanisms of action, safety, and potential challenges for
clinical application.

MECHANISMS OF ACTION OF ALCOHOLIC PLANT EXTRACTS ON GLYCEMIC CONTROL
Understanding the mechanisms through which alcoholic plant extracts may impact glycemic control provides
essential insights into their therapeutic potential. Alcohol, as a solvent, is highly effective in extracting bioactive
compounds such as alkaloids, flavonoids, glycosides, saponins, and terpenes, which are often the primary components
involved in managing blood glucose levels. These compounds interact with different biological pathways to help
regulate glucose metabolism and insulin activity.

L. Enhancement of Insulin Sensitivity: Several plant extracts, including those derived from fenugreek and
gymnema, have shown the ability to improve insulin sensitivity [107]. The active compound in fenugreek,
trigonelline, is thought to enhance insulin receptor activity, leading to better glucose uptake by cells.
Gymnemic acids in Gymnema sylvestre have also demonstrated the capacity to interact with glucose
receptors, potentially modulating insulin release and improving glucose utilization in tissues. Enhanced
insulin sensitivity reduces the need for insulin, which is beneficial in managing Type 2 diabetes.

il. Inhibition of Carbohydrate-Digesting Enzymes: Some alcoholic plant extracts, such as bitter melon and
cinnamon, inhibit enzymes like a-amylase and a-glucosidase, which are responsible for breaking down
carbohydrates into glucose [117. By blocking these enzymes, these extracts reduce the rate of glucose
absorption in the intestines, leading to lower postprandial glucose levels. Inhibiting carbohydrate digestion
is particularly useful in preventing glucose spikes after meals, which is crucial for maintaining overall
glycemic control.

1ii. Antioxidant and Anti-Inflammatory Properties: Oxidative stress and inflammation are key contributors
to insulin resistance and pancreatic beta-cell dysfunction in T2D [127]. Many alcoholic plant extracts,
including those from turmeric and berberis, contain potent antioxidants and anti-inflammatory compounds.
For example, curcumin in turmeric has been shown to reduce oxidative damage to beta cells, helping to
preserve their function. Berberine, an active compound in Berberis aristata, activates the AMPK pathway,
a central regulator of energy balance, and has anti-inflammatory properties that further support insulin
sensitivity and metabolic health.

iv. Beta-Cell Protection and Insulin Secretion: Some extracts, such as those from gymnema and bitter
melon, may stimulate insulin secretion and support beta-cell health [187. For instance, gymnemic acid in
gymnema has been found to interact directly with beta cells, helping to promote insulin release and
potentially regenerating damaged cells over time. This dual action on beta cells and glucose metabolism
may enhance endogenous insulin production, making it easier to achieve stable blood sugar levels.

The mechanisms of action for alcoholic plant extracts include improved insulin sensitivity, inhibition of carbohydrate
absorption, antioxidant effects, and protection of pancreatic beta cells. These mechanisms collectively contribute to
their potential as adjunctive therapies in glycemic control.
CLINICAL EVIDENCE ON ALCOHOLIC PLANT EXTRACTS AND GLYCEMIC CONTROL

The clinical evidence for the use of alcoholic plant extracts in managing Type 2 diabetes (T2D) has been
accumulating, with various studies focusing on their effects on glycemic markers, such as fasting blood glucose,
HbA1c levels, and postprandial glucose. These studies explore alcoholic extracts from plants with historical and
ethnobotanical relevance in diabetes management, such as fenugreek, bitter melon, and gymnema.

i Human Clinical Trials: Multiple small-scale clinical trials have investigated the impact of specific alcoholic
plant extracts on glycemic control in adults with T2D. For example, a clinical trial examining the effect of
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an alcoholic extract of fenugreek (Trigonella foenum-graecum) seeds found that regular intake led to
significant reductions in fasting blood glucose and HbA 1c levels over a 12-week period [147]. The bioactive
compounds in fenugreek, such as soluble fiber and alkaloids, are believed to slow glucose absorption and
improve insulin sensitivity, resulting in better glycemic control. Similarly, another study on bitter melon
(Momordica charantia) demonstrated that an alcoholic extract of this plant reduced fasting glucose levels
and improved postprandial glucose management in T2D patients, highlighting its potential as an adjunct
therapy.

il. Comparative Studies with Standard Treatments: Some clinical trials have also compared the effects of
alcoholic plant extracts with standard diabetes medications, such as metformin or sulfonylureas [157]. For
instance, a study comparing the efficacy of an alcoholic extract of gymnema (Gymnema sylvestre) with
metformin found that, while the extract was less potent than the drug, it significantly improved fasting
glucose levels and was well-tolerated with fewer gastrointestinal side effects. Such findings suggest that
alcoholic plant extracts may serve as complementary options, especially for patients who experience adverse
effects from conventional treatments.

1il. Limitations of Clinical Evidence: Despite promising results, the clinical evidence remains limited by
small sample sizes, short study durations, and variability in extract composition. Many trials lack rigorous
standardization in extract preparation, which can affect the potency and consistency of results. Additionally,
there is often limited data on long-term safety and efficacy, making it difficult to draw robust conclusions
about the sustained impact of alcoholic plant extracts on glycemic control.

Clinical studies on alcoholic plant extracts suggest potential benefits in glycemic control for T2D patients. However,
larger and more standardized trials are necessary to confirm these effects and establish safe, effective dosing
guidelines for clinical use.
PRECLINICAL EVIDENCE AND ITS RELEVANCE TO CLINICAL PRACTICE

Preclinical studies, including both animal and in vitro research, provide valuable insights into the mechanisms by
which alcoholic plant extracts may influence glycemic control [167]. These studies serve as foundational evidence
for understanding the bioactivity of plant-derived compounds and their potential therapeutic benefits for T2D
management.

I Animal Studies: Animal models of diabetes, such as diabetic rats or mice, are frequently used to evaluate
the effects of alcoholic plant extracts. Studies have shown that extracts from plants like Gymnema sylvestre,
Berberis aristata, and Coccinia indica can reduce fasting blood glucose levels and improve insulin sensitivity
in diabetic animals [17, 187]. For example, an alcoholic extract of Gymnema sylvestre has been found to
enhance insulin production and improve pancreatic beta-cell function in diabetic rats, potentially due to its
active compound, gymnemic acid, which interacts with glucose absorption pathways. Similarly, Berberis
aristata, known for its berberine content, has demonstrated the ability to lower blood glucose by activating
the AMPK pathway, a key regulator of cellular energy balance. These findings suggest that plant extracts
may exert multiple beneficial effects, including insulin sensitization and enhanced beta-cell function.

il. In Vitro Studies: In vitro studies provide detailed mechanistic insights by isolating cellular processes
influenced by plant extracts. For instance, in vitro studies have demonstrated that alcoholic extracts of
bitter melon inhibit enzymes like a-amylase and o-glucosidase, which are involved in carbohydrate
digestion [197. By inhibiting these enzymes, the extracts can slow glucose absorption, leading to lower
postprandial glucose spikes. Furthermore, the antioxidant activity of compounds in extracts like fenugreek
has been shown to reduce oxidative stress on pancreatic cells, protecting them from damage and enhancing
insulin secretion.

iii. Relevance to Clinical Practice: While preclinical studies provide valuable mechanistic insights,
translating these findings to clinical practice remains challenging. Differences in metabolism between
animals and humans, as well as the difficulty in achieving consistent bioactive concentrations in humans,
can limit the applicability of these results. Additionally, preclinical models do not always account for the
complex interactions present in human physiology and environmental factors that influence diabetes.
Nevertheless, preclinical findings support the potential therapeutic benefits of alcoholic plant extracts and
lay the groundwork for human studies.

Preclinical evidence highlights promising mechanisms through which alcoholic plant extracts may improve
glycemic control, though further research is needed to bridge the gap between laboratory findings and clinical
outcomes.
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POTENTIAL BENEFITS OF ALCOHOLIC PLANT EXTRACTS IN GLYCEMIC CONTROL
Alcoholic plant extracts offer several potential benefits for managing glycemic control in adults with Type 2 diabetes
[207. As adjunctive therapies, they may provide unique advantages over conventional pharmaceuticals, particularly
in terms of safety, accessibility, and cultural acceptance.

i Effectiveness in Glycemic Control: Research has shown that many alcoholic extracts can effectively
reduce blood glucose markers, such as fasting blood glucose, HbA1c, and postprandial glucose levels. For
instance, studies on fenugreek, gymnema, and bitter melon indicate that their active compounds help
enhance insulin sensitivity, reduce glucose absorption, and support pancreatic function. These effects can
aid in achieving better glycemic control, especially for patients struggling with conventional therapies or
at risk of medication side effects.

ii. Safety and Tolerability: Compared to synthetic drugs, alcoholic plant extracts generally exhibit a
favorable safety profile. Although some side effects, like gastrointestinal discomfort, have been reported,
they are usually mild and well-tolerated. Furthermore, certain extracts may offer anti-inflammatory and
antioxidant effects, supporting overall health and reducing complications associated with T2D, such as
cardiovascular issues and oxidative stress-related damage.

1il. Accessibility and Cultural Acceptance: In regions with limited access to healthcare, plant-based
treatments are often more accessible and affordable than pharmaceutical drugs. Alcoholic extracts are also
culturally accepted in many traditional medical systems, making them appealing options for individuals
seeking complementary approaches. Moreover, the use of plant extracts aligns with a holistic approach to
health, which may encourage patients to adopt lifestyle and dietary changes that support diabetes
management.

Overall, alcoholic plant extracts hold promise as accessible, culturally accepted, and generally safe options for
glycemic control. They may serve as effective complementary therapies, helping patients achieve better glucose
regulation and possibly reducing reliance on medications in the long term.
SAFETY AND SIDE EFFECTS OF ALCOHOLIC PLANT EXTRACTS

Although alcoholic plant extracts hold considerable promise for managing glycemic control in Type 2 diabetes
(T2D), it is essential to evaluate their safety and potential side effects. The safety profile of these extracts can vary
based on the plant species used, the extraction method, the dosage, and individual patient factors, such as
comorbidities and concurrent medications.

L. General Safety Concerns: In general, alcoholic plant extracts are considered safe when used in moderate
amounts, with many studies reporting minimal side effects [217]. However, the presence of alcohol as a
solvent raises specific concerns, particularly for individuals with alcohol sensitivity, liver disease, or those
taking medications that interact with alcohol. For example, some diabetic patients on medications like
metformin or insulin may experience an enhanced effect on blood sugar control when combined with alcohol
extracts, potentially leading to hypoglycemia. Therefore, careful monitoring is advised.

il. Potential Side Effects: While generally well-tolerated, certain plant extracts may cause mild
gastrointestinal discomfort, such as bloating, nausea, or diarrhea. For instance, bitter melon, a widely
studied plant, can lead to stomach irritation in some individuals, particularly when consumed in large
quantities. Fenugreek, another common extract, may cause a maple syrup odor in the urine and excessive
gas. These side effects, though generally mild, can discourage adherence to treatment.

iii. Toxicity Concerns: Long-term safety data for many alcoholic plant extracts is lacking, and there may be
concerns regarding the cumulative toxicity of certain bioactive compounds, particularly when extracts are
used in high doses. For example, berberine, an alkaloid found in Berberis aristata, is known to have
therapeutic benefits but can cause toxicity in the liver and kidneys when used in excessive amounts.
Toxicity risks are heightened in patients with preexisting liver or kidney conditions, necessitating caution
in their use.

iv. Drug Interactions: Alcoholic extracts can interact with conventional diabetes medications, potentially
altering their efficacy or increasing the risk of side effects. For example, bitter melon may potentiate the
effect of oral hypoglycemic agents, leading to a heightened risk of hypoglycemia. Additionally, alcohol
extracts may interfere with other metabolic pathways, complicating the management of comorbid
conditions such as hypertension or dyslipidemia.

Despite some safety concerns, alcoholic plant extracts are generally safe for use in T2D patients when consumed in
appropriate amounts. However, as with any treatment, personalized recommendations based on individual health
conditions, concurrent medications, and the potential for side effects should be considered. Patients should be

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 86



https://www.eejournals.org Open Access

encouraged to discuss the use of these extracts with their healthcare providers, especially when used in conjunction
with conventional diabetes therapies.

CHALLENGES AND LIMITATIONS IN THE USE OF ALCOHOLIC PLANT EXTRACTS FOR
GLYCEMIC CONTROL

While the therapeutic potential of alcoholic plant extracts in managing glycemic control for Type 2 diabetes (T2D)
is promising, several challenges and limitations need to be addressed before these extracts can be widely
recommended in clinical practice.

i Variability in Extract Composition: One of the major challenges in evaluating the effectiveness of
alcoholic plant extracts is the significant variability in their composition. The concentration of active
compounds in the extracts can vary depending on several factors, including the type of plant used, the
extraction method, and the geographical origin of the plant. Inconsistent bioactive compound levels may
lead to varying therapeutic effects, making it difficult to establish standardized dosing regimens.

il. Lack of Standardization: In many studies, the preparation of plant extracts lacks strict standardization,
which makes it challenging to replicate findings across different studies. Differences in alcohol
concentration, duration of extraction, and plant material used can all contribute to variations in the potency
of the extract. For instance, some studies may use a higher alcohol concentration in their extraction process,
leading to more concentrated active compounds, while others may use a milder solvent, resulting in weaker
extracts.

1il. Limited Long-Term Data: Another significant limitation is the lack of long-term clinical data on the
efficacy and safety of alcoholic plant extracts for glycemic control in T2D patients. Most clinical studies
are short-term (ranging from 6 weeks to 3 months), which may not adequately capture the long-term effects
of chronic use. As T2D is a lifelong condition, understanding the sustained impact of these extracts over
extended periods is crucial to assessing their real-world applicability.

iv. Potential for Misuse or Overuse: Due to the increasing popularity of herbal and plant-based treatments,
there is a risk that individuals may self-prescribe alcoholic plant extracts without professional guidance.
This can lead to improper use, incorrect dosing, or interactions with other medications, further
complicating diabetes management. Additionally, overuse of certain extracts could increase the risk of side
effects or toxicity, especially in patients with underlying health issues.

v.  Regulatory Issues: Unlike pharmaceutical drugs, alcoholic plant extracts are often not regulated in the
same way, leading to concerns about quality control and safety. The lack of regulatory oversight can result
in products of varying purity and potency, which may not be consistent with the findings in clinical trials.
This underscores the need for standardized guidelines for manufacturing and prescribing alcoholic plant
extracts in clinical settings.

Despite their potential, the use of alcoholic plant extracts in managing T2D is fraught with challenges that must be
addressed through standardized practices, long-term research, and regulatory oversight to ensure their safe and
effective use in clinical practice.

FUTURE DIRECTIONS AND RESEARCH NEEDS
While current research suggests that alcoholic plant extracts may offer significant benefits for glycemic control in
Type 2 diabetes (T2D), there are several areas where further research is needed to better understand their potential
and overcome existing limitations.

1. Standardization of Extracts: One of the most pressing needs for future research is the standardization of
alcoholic plant extracts [22, 237]. Currently, there is a great deal of variability in the concentration and
composition of active ingredients in these extracts. Standardized extraction methods that ensure consistent
bioactive compound concentrations across different batches will be crucial for establishing reliable clinical
outcomes. Research should focus on developing protocols for extraction and quality control to minimize
variability and improve reproducibility across studies.

1. Long-Term Clinical Trials: Most clinical trials conducted thus far have been relatively short-term,
limiting the understanding of the long-term efficacy and safety of alcoholic plant extracts in T2D
management. Future research should focus on conducting large-scale, long-duration clinical trials that
assess not only the efficacy of these extracts in glycemic control but also their impact on long-term diabetes-
related complications, such as cardiovascular disease, nephropathy, and neuropathy. These trials should
also include diverse patient populations to evaluate the generalizability of the results across different
demographics.

iil. Mechanistic Studies: More in-depth mechanistic studies are needed to elucidate the exact molecular
pathways through which alcoholic plant extracts exert their effects on glycemic control. While preliminary
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data suggests that extracts can improve insulin sensitivity, protect pancreatic beta cells, and inhibit
carbohydrate-digesting enzymes, the underlying molecular targets remain poorly understood. Advancing
our knowledge of these mechanisms will help identify the most effective plant extracts for specific patient
subgroups and provide a foundation for developing targeted therapies.

iv. Interaction with Conventional Therapies: Further studies should explore the potential interactions
between alcoholic plant extracts and conventional diabetes medications. Investigating whether these
extracts enhance or interfere with the effects of common drugs, such as metformin or sulfonylureas, is
crucial for determining their role in clinical practice. Understanding drug interactions will also help in
devising safe treatment protocols when combining plant-based extracts with pharmacological therapies.

V. Regulatory Oversight and Public Education: As the popularity of herbal treatments grows, there is an
increasing need for regulatory oversight to ensure the safety, purity, and consistency of plant-based
products. Policymakers should work with researchers and healthcare providers to develop regulations that
address quality control and proper labeling of alcoholic plant extracts. Furthermore, public education
campaigns should raise awareness about the proper use of these products to prevent misuse and ensure they
are used safely and effectively in conjunction with traditional therapies.

CONCLUSION

In summary, alcoholic plant extracts hold promising potential as complementary treatments for glycemic control in

adults with Type 2 diabetes. These extracts contain bioactive compounds that improve insulin sensitivity, inhibit

carbohydrate digestion, and protect pancreatic beta cells, which collectively help in maintaining blood glucose levels.

While generally safe, careful monitoring is necessary to avoid interactions with conventional medications and

manage potential side effects, such as gastrointestinal discomfort or toxicity at higher doses. Despite their benefits,

the use of alcoholic plant extracts faces challenges, including variability in extract composition, lack of standardized

preparations, and limited long-term clinical data. Additionally, there is a need for regulatory oversight to ensure the

quality and safety of these products, as well as educational initiatives to promote their safe use. Future research

should focus on standardizing extraction methods, conducting long-term clinical trials, and exploring molecular

mechanisms to strengthen the scientific foundation for their use in diabetes care. With continued research and

regulatory support, alcoholic plant extracts may become viable adjunct therapies, providing a natural, accessible,

and culturally accepted option for individuals seeking improved glycemic control.
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