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ABSTRACT

Type 2 diabetes (T2D) is a major global health issue, with insulin resistance playing a critical role in its
pathophysiology. While conventional treatments primarily focus on glucose control, alternative therapies targeting
insulin resistance have gained interest. Alcoholic herbal extracts, containing bioactive compounds such as berberine,
charantin, and curcumin, offer potential adjunct therapies in improving insulin sensitivity. This comparative review
synthesized current research on the effectiveness of alcoholic herbal extracts in reducing insulin resistance in T2D
patients. The review explored the mechanisms of action of various extracts, including AMPK activation, enhanced
insulin signaling, antioxidant and anti-inflammatory effects, and delayed glucose absorption. A comparison of
commonly studied extracts such as Berberis vulgaris (barberry), Momordica charantia (bitter melon), and
Cinnamomum spp. (cinnamon) reveals promising results in terms of reducing fasting glucose levels and improving
insulin sensitivity. However, the review highlighted several challenges, including variability in bioactive compound
concentrations, lack of standardization, and limited long-term safety data. Additionally, the regulatory status and
potential interactions with conventional antidiabetic medications require further investigation. Future research
should focus on standardizing extraction methods, conducting long-term clinical trials, and exploring combination
therapies to maximize the efficacy of these extracts. With continued scientific inquiry and regulatory oversight,
alcoholic herbal extracts could complement conventional diabetes care, offering a natural approach to managing
insulin resistance in T2D patients.
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INTRODUCTION
Type 2 diabetes (T'2D) remains a global health challenge, driven largely by insulin resistance, a key factor in chronic
hyperglycemia and associated complications [1, 27. Insulin resistance, marked by the body's reduced ability to
respond to insulin, disrupts glucose homeostasis and places additional stress on pancreatic beta cells, often leading
to an increased risk of cardiovascular disease, nerve damage, and kidney failure [37. Conventional therapies, such as
metformin and insulin injections, focus primarily on lowering blood glucose levels; however, they do not fully
address the complex biochemical pathways involved in insulin resistance. Consequently, alternative therapies with
potential to enhance insulin sensitivity have attracted scientific and clinical interest, particularly in complementary
and integrative medicine. Herbal remedies, particularly alcoholic herbal extracts, have been traditionally used in
various cultures for managing symptoms of diabetes [4, 57]. Alcoholic extracts are especially valuable as the ethanol
solvent can capture a broader range of bioactive compounds from plants, including alkaloids, flavonoids, and
saponins, which are less soluble in water [67. Recent studies have highlighted the potential of certain alcoholic
herbal extracts such as berberine, cinnamon, and turmeric to reduce insulin resistance by targeting mechanisms like
AMP-activated protein kinase (AMPK) activation, antioxidant activity, and enhanced insulin signaling [77]. These
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properties suggest that alcoholic herbal extracts may offer a complementary approach to conventional T2D
management by addressing the underlying insulin resistance rather than solely focusing on glucose levels. This
review aims to compare the effectiveness of various alcoholic herbal extracts in reducing insulin resistance among
T2D patients. Through an analysis of recent scientific evidence, this paper examines each extract’s bioactive
compounds, mechanisms of action, clinical efficacy, and safety profile. By evaluating both promising findings and
existing limitations, the review seeks to provide insights into how alcoholic herbal extracts might be integrated into
holistic diabetes care strategies for improved patient outcomes.
METHODOLOGY

This review synthesizes findings from studies published in peer-reviewed journals, focusing on alcoholic herbal
extracts with reported effects on insulin resistance in Type 2 diabetes patients. A systematic literature search was
conducted across databases including PubMed, Scopus, and Google Scholar, using keywords such as "alcoholic
herbal extracts," "Type 2 diabetes," "insulin resistance," and "glycemic control." Studies were included if they
evaluated the extracts' effects on insulin sensitivity markers, fasting glucose, and insulin levels. Both in vitro and in
vivo studies, as well as clinical trials, were reviewed to present a comprehensive picture of each extract's potential.

KEY ALCOHOLIC HERBAL EXTRACTS AND BIOACTIVE COMPOUNDS
Several plants traditionally used in diabetes treatment show promise in reducing insulin resistance. The following
extracts are highlighted for their reported effectiveness in T2D management:

i.  Berberis vulgaris (Barberry): The primary active component in barberry is berberine, which has
demonstrated significant antidiabetic effects [87. Berberine is known to activate AMP-activated protein
kinase (AMPK), an enzyme that regulates glucose and lipid metabolism, and improve insulin sensitivity.
Studies have shown that alcoholic extracts of barberry can reduce fasting blood glucose levels and enhance
insulin response.

il. Momordica charantia (Bitter Melon): Rich in charantin and polypeptide-p, bitter melon has long been
used to treat diabetes [97. Its alcoholic extracts have shown potential in reducing insulin resistance by
promoting glucose uptake and increasing insulin secretion. Additionally, bitter melon has antioxidant
properties that may protect pancreatic beta cells from oxidative stress.

iil. Cinnamon (Cinnamomum spp.): Cinnamon contains bioactive compounds like cinnamaldehyde and

procyanidins, which have insulin-mimetic properties [107]. Research suggests that alcoholic extracts of

cinnamon can enhance insulin sensitivity and reduce fasting glucose levels. The extract improves glucose
uptake by upregulating glucose transporter type 4 (GLUT4) in muscle and adipose tissue, essential for
glucose regulation.

iv. Trigonella foenum-graecum (Fenugreek): Fenugreek seeds contain saponins and fibers that influence
carbohydrate metabolism [117]. Studies indicate that alcoholic extracts of fenugreek can reduce insulin
resistance by delaying glucose absorption and enhancing insulin signaling pathways. Fenugreek's high fiber
content also aids in lowering postprandial blood glucose levels, making it beneficial for glycemic control.

V. Curcuma longa (Turmeric): Curcumin, the primary compound in turmeric, has shown promise in
combating insulin resistance through its anti-inflammatory and antioxidant properties [127]. Alcoholic
extracts of turmeric can enhance insulin receptor function and increase insulin sensitivity by reducing
inflammation markers like TNF-alpha and IL-6, both linked to insulin resistance.

MECHANISMS OF ACTION OF ALCOHOLIC HERBAL EXTRACTS IN REDUCING INSULIN
RESISTANCE
The mechanisms by which alcoholic herbal extracts reduce insulin resistance vary, largely due to the unique
bioactive compounds in each plant. Common pathways include:

I AMPK Activation: Many extracts, such as berberine from barberry, activate AMPK, a key enzyme in
energy balance and glucose metabolism [137]. AMPK activation promotes glucose uptake in muscle cells
and decreases gluconeogenesis in the liver, directly combating insulin resistance.

il. Enhancement of Insulin Signaling: Compounds like cinnamaldehyde in cinnamon facilitate insulin
signaling by increasing GLUT4 translocation to the cell surface [147]. This allows for improved glucose
uptake by muscle and fat cells, enhancing insulin sensitivity.

1ii. Antioxidant and Anti-Inflammatory Effects: Oxidative stress and inflammation are significant
contributors to insulin resistance. Extracts from turmeric and bitter melon have powerful antioxidant
effects that protect beta cells from oxidative damage. Curcumin in turmeric also reduces pro-inflammatory
cytokines, which are linked to insulin resistance.
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iv. Reduction of Glucose Absorption: Fenugreek and other fiber-rich plants slow down carbohydrate
absorption in the intestines, moderating postprandial glucose spikes. This indirect mechanism reduces the
demand on insulin, thereby improving insulin sensitivity over time.

COMPARATIVE EFFECTIVENESS OF ALCOHOLIC HERBAL EXTRACTS
The comparative effectiveness of these extracts largely depends on the bioavailability of active compounds and the
extraction method. Studies comparing berberine and cinnamon, for instance, found that while both reduce fasting
glucose, berberine may have a more pronounced effect on insulin sensitivity due to its influence on AMPK [15, 167].
Similarly, bitter melon and fenugreek extracts have shown comparable benefits, though fenugreek's fiber content
gives it an added advantage in lowering postprandial glucose.
Clinical trials comparing these extracts also highlight the effectiveness of combinations; for example, berberine with
cinnamon may offer synergistic benefits, combining AMPK activation with improved glucose uptake. However,
differences in study design, dosing, and patient populations make direct comparisons challenging, underscoring the
need for standardized clinical trials to determine the most effective extracts or combinations.
SAFETY AND SIDE EFFECTS OF ALCOHOLIC HERBAL EXTRACTS
Safety is a crucial consideration when using alcoholic herbal extracts. Generally, these extracts are well-tolerated,
with mild side effects such as gastrointestinal discomfort. However, high doses may cause adverse reactions. For
instance, berberine in large quantities can cause liver enzyme elevations, and bitter melon may lead to hypoglycemia
if combined with other antidiabetic drugs.
The alcoholic component of these extracts is another factor, as it may not be suitable for all patients. Those with
liver conditions or alcohol sensitivities should use these extracts cautiously. Additionally, interactions between these
extracts and conventional diabetes medications need to be monitored to avoid potential risks, such as hypoglycemia.
CHALLENGES AND LIMITATIONS IN USING ALCOHOLIC HERBAL EXTRACTS
Despite their therapeutic potential, several challenges limit the use of alcoholic herbal extracts in clinical practice.
The variability in bioactive compound concentrations due to differences in extraction techniques and plant sources
complicates standardization [17, 187. This lack of consistency makes it difficult to determine optimal dosing, which
is essential for efficacy and safety.

Another limitation is the limited data on long-term effects. While short-term studies indicate benefits, the impact of

prolonged use of alcoholic extracts on insulin resistance and overall health remains unclear. Additionally, cultural
acceptance and patient adherence pose challenges; some patients may be hesitant to consume alcohol-based
preparations. Regulatory oversight is also limited. Unlike pharmaceutical drugs, many herbal extracts are not
subject to stringent regulatory standards, leading to concerns about product quality and efficacy. For these extracts
to be widely accepted, standardized extraction methods, long-term clinical trials, and stricter regulatory measures
are necessary.

FUTURE RESEARCH DIRECTIONS
Future research on alcoholic herbal extracts should focus on addressing standardization, safety, and efficacy.
Standardizing extraction methods to achieve consistent bioactive compound levels is critical for producing reliable,
reproducible results. Long-term clinical trials with diverse patient populations are needed to assess the sustained
impact of these extracts on insulin resistance and potential side effects over time.
Further investigation into the synergistic effects of combining multiple extracts or combining extracts with
conventional diabetes medications could provide insights into more effective therapeutic strategies. Additionally,
mechanistic studies exploring how specific compounds interact with cellular pathways involved in glucose
metabolism will enhance our understanding and enable targeted therapy development. Finally, regulatory bodies
should collaborate with researchers to develop quality control guidelines for alcoholic herbal extracts. Standardized
labeling, dosing recommendations, and public education on proper use could make these extracts safer and more
accessible for T2D patients seeking complementary treatments.

CONCLUSION

Alcoholic herbal extracts show considerable promise as adjunct therapies in reducing insulin resistance among Type
2 diabetes patients. The bioactive compounds in these extracts such as berberine, charantin, and curcumin exhibit
mechanisms that improve insulin sensitivity, protect pancreatic beta cells, and reduce oxidative stress. Although
preliminary studies support their efficacy, challenges like lack of standardization, limited regulatory oversight, and
safety concerns must be addressed. Comparative studies suggest that while certain extracts offer unique benefits,
combination therapies may yield synergistic effects, enhancing glycemic control. However, further research is
required to establish standardized extraction protocols, safe dosing guidelines, and long-term efficacy data.
Integrating these extracts into diabetes management strategies could offer patients a natural, culturally accepted
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option for managing insulin resistance, especially in regions where access to conventional treatments is limited.

With continued research and regulatory support, alcoholic herbal extracts may one day become a viable component

of comprehensive diabetes care, providing a complementary approach to conventional antidiabetic therapies.
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