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ABSTRACT

Diabetes mellitus is a complex and widespread metabolic disorder that continues to pose significant health challenges
worldwide. While existing treatments help manage blood sugar levels, they often fail to fully address the underlying causes
and long-term complications of the disease. Epigallocatechin-3-gallate (EGCG), a powerful antioxidant found in green tea,
has attracted growing interest for its potential role in slowing diabetes progression. Research suggests that EGCG may help
improve insulin sensitivity, protect pancreatic $-cells, reduce inflammation, and regulate glucose metabolism—factors that
are central to both Type 1 and Type 2 diabetes. It also interacts with key cellular pathways, including AMPK, PI13K/Akt, and
NF-xB, which are involved in maintaining metabolic balance. Studies in animal models and early clinical trials have shown
promising results, but challenges such as low bioavailability and limited long-term human data remain. New approaches like
nanoformulations are being explored to improve how EGCG is absorbed and used in the body. Overall, EGCG shows promise
as a supportive therapy for diabetes, though more rigorous human studies are needed to better understand its full potential
and ensure its safe use.

1. INTRODUCTION
Diabetes mellitus is a chronic metabolic disorder that affects how the body regulates blood sugar (glucose). It primarily
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manifests in two major forms: Type 1 and Type 2. Type 1 diabetes is an autoimmune condition where the body’s immune
system attacks insulin-producing B-cells in the pancreas, leading to little or no insulin production.[1] It typically develops in
childhood or adolescence but can occur at any age. In contrast, Type 2 diabetes, which accounts for the vast majority of
cases, is characterized by insulin resistance and a gradual decline in B-cell function. It is closely associated with lifestyle
factors such as poor diet, physical inactivity, and obesity. [2] Diabetes is characterized by elevated blood sugar levels, which,
over time, can lead to severe damage to the heart, blood vessels, eyes, kidneys, and nerves. [3] Over the past few decades,
the global burden of diabetes has risen dramatically. According to the International Diabetes Federation, over 530 million
adults worldwide were living with diabetes in 2021, and this number is expected to rise significantly in the coming years.
The disease not only reduces quality of life but also increases the risk of serious complications such as cardiovascular disease,
kidney failure, neuropathy, and retinopathy. These complications contribute to increased healthcare costs and place a
substantial burden on healthcare systems globally.[4] The prevalence of diabetes mellitus has become a major global public
health concern, particularly in developing nations, where its incidence is rapidly increasing.[5] Given the limitations of
current treatments—which largely focus on controlling blood glucose rather than addressing the broader mechanisms driving
the disease—there is growing interest. Diabetes mellitus is a chronic metabolic disorder that affects how the body regulates
blood sugar (glucose). It primarily manifests in two major forms: Type 1 and Tyrnative and complementary therapies. One
such compound that has drawn scientific attention is epigallocatechin-3-gallate (EGCG), the most abundant catechin in green
tea. [6] EGCG is well known for its potent antioxidant and anti-inflammatory properties, and it has been studied for a wide
range of health benefits, including cardiovascular protection, anti-cancer effects, and neuroprotection. More recently, its
potential role in metabolic diseases such as diabetes has emerged as a promising area of research. EGCG has been shown to
influence insulin activity, reduce oxidative stress, and modulate several signaling pathways involved in glucose and lipid
metabolism, suggesting it could play a meaningful role in diabetes management and the prevention of its progression. [7]
The rising prevalence of diabetes is largely attributed to the rapid spread of obesity, making it the most significant risk factor
for type 2 diabetes mellitus. [8] EGCG, a green tea polyphenol, has emerged as a promising candidate for mitigating
macrovascular complications associated with diabetes, an area of increasing global concern [9,10]

This review explores the therapeutic potential of EGCG in diabetes by examining its biological effects, the mechanisms
through which it may act, and the current evidence from both preclinical and clinical studies. It also considers the challenges
associated with its use and potential strategies to enhance its effectiveness as a supportive treatment option..

Biochemistry and Pharmacokinetics of EGCG

Epigallocatechin-3-gallate (EGCG) is the most abundant and biologically active catechin found in green tea (Camellia
sinensis). Structurally, EGCG belongs to the flavonoid group of polyphenols and is characterized by a gallate group esterified
at the 3-position of the flavan-3-ol epigallocatechin. This molecular structure contributes significantly to its strong
antioxidant properties, allowing it to scavenge free radicals and chelate metal ions, which can be particularly beneficial in
combating oxidative stress, a major contributor to diabetes-related tissue damage. The bioavailability of EGCG, however, is
a critical factor affecting its therapeutic efficacy. [11]

Despite its promising bioactivity, the therapeutic application of EGCG is limited by its pharmacokinetic profile. After oral
administration, EGCG undergoes extensive metabolism in the intestines and liver. It is absorbed primarily in the small
intestine through passive diffusion and active transport mechanisms. Once absorbed, it undergoes phase Il metabolism,
including methylation, glucuronidation, and sulfation, processes that significantly alter its biological activity and reduce its
effective concentration in systemic circulation.[12]

Moreover, EGCG has relatively low bioavailability. Studies have shown that only a small fraction of the ingested compound
reaches the bloodstream in its active form, and it is rapidly eliminated through the urine and bile. Factors such as pH
sensitivity, poor membrane permeability, and degradation in the gastrointestinal tract further reduce its absorption.
Additionally, EGCG is known to bind to proteins and lipids in the digestive system, which can also interfere with its
bioavailability. To improve its bioavailability, various strategies have been explored, including encapsulation in liposomes
or nanoparticles, co-administration with piperine (a bioavailability enhancer), and structural modifications to enhance its
stability and permeability [7,13]

To address these limitations, researchers have been exploring various strategies to enhance EGCG’s stability and absorption.
These include the use of nanoparticle delivery systems, liposomes, phospholipid complexes, and structural modifications.
Co-administration with other compounds, such as ascorbic acid or piperine, has also shown potential to improve EGCG’s
bioavailability. Such innovations are essential for translating the promising in vitro and animal model results into effective
human therapies. Liposomal formulations, micelles, and nanoparticles are being investigated as delivery modalities to
improve the therapeutic potential of chlorogenic acid by increasing its stability, bioactivity, and bioavailability. [14,15]

Understanding the biochemical nature and pharmacokinetic challenges of EGCG is crucial for optimizing its therapeutic
potential. A deeper knowledge of how EGCG is metabolized and interacts within the body lays the groundwork for
developing more effective formulations and dosing strategies that could be used to target chronic diseases like diabetes. It is
crucial to take into account the complexity of in vivo metabolic activity and biotransformation when interpreting in vitro

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 23s



Akash Koley, Dr. Pallavi Tiwari, V S S S Gupta Atyam, Devender Sharma, Ayan Mukherjee,
Dr. Neeli Rose Beck, Dr G. Chandra Shekhara Rao, Dr. M. Vijaya Jyothi

results and applying them to human physiopathology. [16]
Biochemistry and Pharmacokinetics of EGCG
Structure and Properties of EGCG

Epigallocatechin-3-gallate (EGCG) is the most active and widely studied catechin found in green tea (Camellia sinensis). As
a polyphenol, EGCG belongs to the flavonoid family and is recognized for its strong antioxidant capabilities. Structurally, it
contains multiple hydroxyl groups and a distinctive gallate group attached to its core flavanol skeleton. These chemical
features are responsible for EGCG's ability to neutralize harmful free radicals and interact with various biological molecules,
including proteins and lipids. [17] The bioavailability and stability of EGCG can be greatly impacted by its sensitivity to
environmental factors such as pH, temperature, and the presence of enzymes or other compounds.

Thanks to its antioxidant and anti-inflammatory properties, EGCG has been explored for its effects in a wide range of
diseases. In the context of diabetes, its ability to influence glucose metabolism and reduce oxidative stress makes it
particularly intriguing as a potential therapeutic compound. [13]

EGCG also possesses antimicrobial qualities, which may have an impact on the gut microbiota, which in turn may affect
glucose homeostasis and general metabolic health. [18]

Absorption, Metabolism, and Bioavailability

While EGCG has shown great promise in laboratory studies, one of the main hurdles to its clinical use is its poor
bioavailability. After being consumed, only a small portion of EGCG is absorbed in the gut. Much of it is either broken down
or transformed before it can reach the bloodstream in its active form. Once inside the body, EGCG is quickly metabolized—
mostly in the liver—where it undergoes chemical changes such as methylation, glucuronidation, and sulfation. These changes
can reduce its biological activity and effectiveness. [19]

Even when it does enter the bloodstream, EGCG doesn’t stay there long. Its half-life is relatively short, usually just a few
hours, and it is rapidly eliminated through urine or bile. Additionally, EGCG is chemically unstable in the digestive tract,
especially at neutral or alkaline pH levels, and it can degrade before having any significant effect.

Challenges in Clinical Use
Several practical issues limit how well EGCG works when taken as a supplement:

Instability: EGCG is sensitive to heat, light, and pH changes, which can lead to its breakdown before it becomes useful in
the body.

Poor Absorption: It doesn’t pass easily through cell membranes, limiting how much of it gets into tissues where it’s needed.

Rapid Metabolism: The body transforms EGCG into less active forms quite quickly, limiting its overall impact. Binding to
Other Molecules: In the digestive system and bloodstream, EGCG can bind to proteins and fats, reducing how much is
available in its free, active form.

To address these limitations, researchers have been developing more advanced ways to deliver EGCG. These include using
nanoparticles, liposomes, and other encapsulation techniques that protect the molecule and help it reach its target more
effectively. Some studies have also looked at combining EGCG with compounds like vitamin C or black pepper extract to
improve absorption and prolong its activity in the body.

Overall, while EGCG’s natural properties are promising, especially for managing diseases like diabetes, improving how it’s
delivered and absorbed remains a key step toward making it a reliable treatment option. [11]

Mechanisms of Action Relevant to Diabetes

The growing interest in EGCG as a therapeutic agent for diabetes stems from its ability to interact with multiple biological
pathways involved in the development and progression of the disease. Diabetes, particularly Type 2, is driven by a
combination of insulin resistance, chronic inflammation, oxidative stress, and impaired pancreatic B-cell function. EGCG
appears to influence each of these factors in a beneficial way, making it a compelling candidate for further investigation. [20]

Antioxidant and Anti-inflammatory Activity

One of EGCG’s most well-documented properties is its antioxidant capacity. By neutralizing reactive oxygen species (ROS),
EGCG helps reduce oxidative stress, which is a known contributor to B-cell damage and insulin resistance. In diabetic
individuals, excessive ROS production can impair insulin signaling and lead to complications like neuropathy, retinopathy,
and kidney damage. EGCG not only scavenges free radicals directly but also supports the activity of endogenous antioxidant
enzymes such as superoxide dismutase (SOD) and catalase. [21]

In addition to its antioxidant effects, EGCG has been shown to have strong anti-inflammatory properties. It downregulates
the expression of inflammatory cytokines such as TNF-a, IL-6, and CRP—molecules that are often elevated in people with
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insulin resistance. EGCG can also inhibit activation of NF-«xB, a key transcription factor involved in the inflammatory
response. By curbing chronic inflammation, EGCG may help preserve insulin sensitivity and protect tissues from damage.
[13]

Enhancement of Insulin Sensitivity and Glucose Uptake

EGCG has shown potential to improve the way the body responds to insulin. It does this by enhancing insulin signaling
pathways, particularly through activation of the AMP-activated protein kinase (AMPK) pathway. AMPK is a cellular energy
sensor that plays a central role in regulating glucose and lipid metabolism. When activated, AMPK promotes glucose uptake
in skeletal muscle and suppresses the production of glucose in the liver—two key mechanisms that help lower blood sugar
levels. [22]

Some studies have also demonstrated that EGCG enhances the translocation of glucose transporter type 4 (GLUT4) to the
cell surface in muscle and fat cells, thereby increasing glucose uptake in response to insulin. These effects may help
counteract the insulin resistance that characterizes Type 2 diabetes.

[23]
Protection and Regeneration of Pancreatic -Cells

In Type 1 diabetes and the later stages of Type 2, the progressive loss of pancreatic B-cells compromises the body’s ability
to produce insulin. EGCG has been found to protect p-cells from damage caused by oxidative stress and inflammatory insults.
It may also help maintain B-cell function by preserving mitochondrial integrity and preventing apoptosis (programmed cell
death). Although the evidence is still emerging, there are also indications that EGCG might support B-cell regeneration,
particularly in the presence of a supportive cellular environment. [24]

Modulation of Key Signaling Pathways

Beyond AMPK, EGCG affects several other signaling pathways involved in glucose and lipid metabolism. For example, it
influences the PI3K/Akt pathway, which is crucial for insulin signal transduction. EGCG also modulates pathways like
MAPK and JNK, which are often dysregulated in metabolic disorders. By influencing these pathways, EGCG can reduce
insulin resistance and improve cellular responses to insulin.[25]

Preclinical Evidence Supporting EGCG in Diabetes Management

A substantial body of preclinical research—including in vitro studies and animal models—has provided strong support for
the potential role of EGCG in managing diabetes and its complications. These studies have not only highlighted its glucose-
lowering effects but also shed light on how EGCG modulates various biological systems involved in the disease process.
[26]

In Vitro Studies

In laboratory experiments using cultured cells, EGCG has demonstrated multiple anti-diabetic actions. For example, studies
on insulin-resistant hepatocytes and adipocytes have shown that EGCG enhances glucose uptake by stimulating insulin
signaling and increasing the expression of glucose transporter proteins like GLUT4. In pancreatic B-cell lines, EGCG has
been observed to protect against oxidative damage, preserve mitochondrial function, and reduce apoptosis—all of which
support healthy insulin secretion.

Moreover, EGCG has been found to suppress the activity of enzymes involved in glucose production, such as glucose-6-
phosphatase, and inhibit advanced glycation end-product (AGE) formation. AGEs contribute to many of the long-term
complications of diabetes, including cardiovascular disease and kidney dysfunction. By interfering with this process, EGCG
may offer protective benefits beyond glycemic control. [27]

Animal Studies

Animal models of both Type 1 and Type 2 diabetes have provided further insight into EGCG’s therapeutic potential. In diet-
induced obese and insulin-resistant mice, EGCG supplementation has consistently led to improvements in fasting blood
glucose levels, insulin sensitivity, and lipid profiles. These changes are often accompanied by reductions in systemic
inflammation and oxidative stress markers.

In Type 1 diabetes models, such as streptozotocin (STZ)-induced diabetic rats, EGCG has shown protective effects on
pancreatic islets and appears to mitigate the autoimmune destruction of B-cells to some extent. Additionally, EGCG has been
reported to improve glucose tolerance, reduce hyperglycemia-induced tissue damage, and prevent diabetic complications
like nephropathy and retinopathy in long-term studies.

Mechanistically, animal studies have confirmed EGCG’s role in activating the AMPK pathway, reducing NF-kB activity,
and improving mitochondrial function in tissues affected by diabetes. Its impact on lipid metabolism—such as reducing
hepatic lipid accumulation and improving cholesterol levels—also contributes to its beneficial metabolic profile. Research
has demonstrated that EGCG is involved in regulating various metabolic processes and has been employed as an anti-obesity
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agent in both animal models and human trials, demonstrating its potential as a therapeutic agent. [28]
Dosage and Safety in Preclinical Models

In most preclinical studies, EGCG has been administered in doses ranging from 25 to 100 mg/kg/day, usually through oral
gavage or dietary inclusion. These studies have generally reported favorable safety profiles, though extremely high doses
have occasionally been linked to liver toxicity. This underlines the importance of dose optimization and careful monitoring
when considering translation to human use. [29]

Clinical Evidence and Human Trials

While preclinical studies provide a strong foundation for understanding the potential of EGCG in diabetes management,
clinical research in human subjects is essential to validate its therapeutic relevance. Over the past decade, a growing number
of clinical trials and observational studies have evaluated the effects of EGCG—either as a pure compound or as a component
of green tea—on glycemic control, insulin sensitivity, and related metabolic outcomes in people with or at risk for diabetes.

[26]
Effects on Glycemic Control

Several human studies have examined EGCG’s ability to regulate blood glucose levels. In randomized controlled trials
(RCTs), daily supplementation with EGCG or green tea extract has been associated with modest reductions in fasting blood
glucose and hemoglobin Alc (HbAlc) in patients with Type 2 diabetes or prediabetes. One study involving overweight
individuals with insulin resistance found that 300 mg/day of EGCG for 12 weeks significantly improved fasting glucose and
insulin sensitivity, as measured by HOMA-IR scores. [30]

However, results across trials have been somewhat variable, with some studies reporting no significant changes in glucose
metabolism. Differences in study design, dosage, treatment duration, and baseline metabolic status of participants likely
contribute to these inconsistencies. Nonetheless, the overall trend in the data supports the notion that EGCG may offer
glycemic benefits, particularly when used as an adjunct to lifestyle changes or conventional medications. [31]

Impact on Insulin Sensitivity and Lipid Profile

Beyond glucose control, EGCG appears to have favorable effects on other metabolic markers relevant to diabetes. Several
trials have reported improvements in insulin sensitivity and reductions in serum insulin levels following EGCG
supplementation. These effects may be partly mediated by enhanced insulin signaling and reduced systemic inflammation,
as suggested by decreases in biomarkers such as C-reactive protein (CRP) and interleukin-6 (IL-6).

Additionally, EGCG has been shown to improve lipid profiles by lowering total cholesterol, LDL cholesterol, and
triglycerides in both diabetic and non-diabetic individuals. These changes are particularly meaningful, given the high
cardiovascular risk associated with diabetes. [28]

Effects on Weight and Body Composition

Weight loss and improved body composition can significantly enhance insulin sensitivity and glycemic control. Some studies
have found that EGCG, particularly when combined with caffeine or other catechins, promotes modest weight loss and
reductions in waist circumference. The proposed mechanisms include increased fat oxidation, thermogenesis, and modulation
of appetite-regulating hormones. Although the magnitude of weight loss is generally modest, it may still contribute
meaningfully to overall metabolic improvements in individuals with diabetes or metabolic syndrome. [32]

Safety and Tolerability in Humans

In clinical settings, EGCG has generally been well tolerated at doses up to 800 mg/day. Reported side effects are typically
mild and include gastrointestinal symptoms such as nausea or stomach upset. However, rare cases of liver enzyme elevations
and hepatotoxicity have been reported, especially with high doses or concentrated green tea extracts taken on an empty
stomach. As such, careful dosing and monitoring are recommended in clinical use, particularly for individuals with existing
liver conditions.

Overall, while the clinical evidence is still evolving, current data suggest that EGCG may offer supportive benefits for people
with diabetes—particularly in improving glucose regulation, insulin sensitivity, and lipid profiles. Larger, well-controlled
trials with standardized dosing protocols are needed to confirm its efficacy and establish optimal therapeutic regimens. [33]

Challenges, Limitations, and Future Directions

Despite the promising results from both preclinical and clinical studies, several challenges remain in translating EGCG’s
therapeutic potential into a widely applicable treatment for diabetes. These challenges are related to both the bioavailability
of EGCG and the variability in clinical outcomes. Furthermore, understanding the long-term safety and effectiveness of
EGCG, as well as identifying the most appropriate patient populations for its use, is essential for its broader application in
diabetes management.
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Challenges in EGCG Bioavailability and Delivery

One of the most significant hurdles in the clinical use of EGCG is its poor bioavailability. As discussed earlier, EGCG is
poorly absorbed in the gastrointestinal tract, undergoes rapid metabolism in the liver, and has a short half-life in the
bloodstream. These factors greatly limit the amount of EGCG that reaches the target tissues in a pharmacologically active
form.

To overcome these limitations, researchers are exploring various strategies for improving the bioavailability of EGCG. These
include the development of novel delivery systems, such as nanoparticles, liposomes, and microencapsulation, that protect
the compound from degradation and facilitate its absorption. Additionally, combining EGCG with absorption enhancers like
piperine (from black pepper) or ascorbic acid (vitamin C) may help increase its bioavailability. Another promising approach
is the synthesis of EGCG analogs or prodrugs designed to have better stability and absorption profiles. [34]

Variability in Clinical Outcomes

While numerous clinical trials have shown positive effects of EGCG supplementation on blood glucose levels, insulin
sensitivity, and other metabolic markers, the results across studies have not been entirely consistent. Factors such as
differences in study design, participant characteristics (e.g., baseline metabolic status, age, gender), dosage, and the duration
of supplementation likely contribute to this variability. Moreover, some studies have used green tea extract rather than
isolated EGCG, which contains other polyphenols that may influence the results.

Given these inconsistencies, it is important to establish standardized protocols for EGCG supplementation in future trials,
including optimal dosages, treatment regimens, and patient selection criteria. This will help determine whether EGCG should
be used as an adjunctive therapy for diabetes, and if so, in which specific patient populations it would be most beneficial.
[35]

Long-Term Safety and Efficacy

While EGCG appears to be safe at moderate doses, concerns about potential hepatotoxicity, especially with high doses or
long-term use, have been raised in both animal models and human trials. Although rare, cases of liver damage have been
reported, particularly with the use of concentrated green tea extracts. This highlights the need for further investigation into
the long-term safety profile of EGCG, especially in individuals with pre-existing liver conditions.

Future research should include large-scale, long-term clinical trials to evaluate the safety and efficacy of EGCG in various
populations, including those with different stages of diabetes and those at high risk for developing the disease. Additionally,
these trials should explore the potential synergistic effects of EGCG when combined with other therapies or lifestyle
interventions, such as diet and exercise. [36]

Future Directions
Despite the challenges, there are several exciting directions for future research on EGCG and its role in diabetes management:

Personalized Medicine: Given the variability in clinical outcomes, there is an opportunity to tailor EGCG therapy to
individual patients based on their genetic makeup, metabolic profile, and coexisting conditions. For example, certain genetic
polymorphisms might influence how individuals metabolize EGCG, affecting its efficacy and safety.

Combination Therapies: EGCG may work synergistically with other anti-diabetic drugs, such as metformin or GLP-1
receptor agonists. Investigating these combination therapies could provide a more comprehensive approach to managing
diabetes and its complications. [37]

Exploring EGCG’s Impact on Diabetes Complications: While much of the focus has been on glycemic control, there is
growing interest in EGCG’s potential to prevent or treat diabetes-related complications, such as diabetic retinopathy,
nephropathy, and neuropathy. Long-term studies are needed to explore these benefits in greater depth.

Improved Formulations: Advances in drug delivery technologies, such as targeted nanoparticle systems or sustained-release
formulations, hold great promise for improving the bioavailability and clinical efficacy of EGCG. The development of more
efficient delivery systems will likely play a critical role in enhancing the therapeutic potential of EGCG in diabetes. [38]

2. CONCLUSION

EGCG, the principal polyphenol in green tea, has shown significant promise as a therapeutic agent in the management of
diabetes. Through its antioxidant, anti-inflammatory, and insulin-sensitizing effects, EGCG may help address several of the
underlying mechanisms of the disease, including oxidative stress, insulin resistance, and -cell dysfunction. Preclinical and
clinical evidence suggests that EGCG supplementation can improve glycemic control, insulin sensitivity, and lipid
metabolism in individuals with diabetes. However, challenges related to its bioavailability, inconsistent clinical results, and
concerns about long-term safety must be addressed before EGCG can become a mainstream therapeutic option for diabetes.

Future research should focus on optimizing delivery methods, standardizing treatment protocols, and exploring combination
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therapies. With continued investigation into its mechanisms and long-term effects, EGCG holds the potential to play an
important role in the prevention and treatment of diabetes, especially when used as part of a comprehensive management
strategy that includes diet, exercise, and pharmacological therapies
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