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Chapter 1

Introduction
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1.1 Diabetes- Global Scenario

Talking about the Global Burden, Diabetes is a major global health problem, affecting
millions of people worldwide. Globally, the rising incidence of diabetes has precipitated a
public health crisis, impacting millions and straining healthcare systems. The World Health
Organization (WHO) reports that the prevalence of diabetes has been steadily increasing over
the past few decades. Its etiology is multifactorial, encompassing genetic predispositions,
lifestyle choices, and environmental factors, which culminate in an alarming upward trend in
global prevalence ®%. According to the International Diabetes Federation, as of 2021,
approximately 537 million adults worldwide were living with diabetes, a number projected to
rise to 783 million by 2045, underscoring the urgent need for public health interventions.
Particularly concerning is the disproportionate concentration of diabetes cases in low- and
middle-income countries, where healthcare systems are often ill-equipped to manage chronic
conditions. The epidemiological landscape of diabetes is further complicated by its
association with serious comorbidities, including cardiovascular diseases and complications
related to wound healing, necessitating a comprehensive understanding of both its systemic
implications and its role in individual health outcomes. Alterations in metabolic pathways
due to diabetes significantly impair wound healing processes, resulting primarily from
hyperglycemia ! and associated microvascular complications ™. Elevated blood glucose
levels disrupt the normal function of endothelial cells, leading to reduced angiogenesis ™
and compromised tissue oxygenation *°. as diabetes prevalence escalates, so too do its
multifaceted consequences, particularly concerning wound healing. The pathophysiological
mechanisms underlying impaired wound healing in diabetic patients are complex, involving
alterations in vascular structure, neuropathy, and the immune response. Consequently, minor
injuries, which might typically be resolved within weeks in healthy individuals, can lead to
severe complications such as chronic ulcers and amputation ™ in those with diabetes. This
introductory discourse sets the stage for a comprehensive analysis of the interplay between
diabetes prevalence and wound healing efficacy. By examining these interrelations, this
research aims to illuminate the urgent need for targeted interventions and strategic healthcare
policies, facilitating improved outcomes for the diabetic population and addressing the
broader implications for global health management. A nuanced understanding of these
dynamics is crucial for advancing both clinical practice and future research. Furthermore, the

inflammatory response is altered, as diabetes is linked to persistent inflammation
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characterized by an overactive immune response that can hinder the timely progression
through the healing phases. The presence of advanced glycation end products (AGEs) ¥
exacerbates this condition, as they not only impair cellular signaling but also promote
oxidative stress, further delaying wound repair. Additionally, impaired collagen synthesis %
and deposition due to both qualitative and quantitative deficiencies in fibroblasts and delay in
macrophage entry complicates wound closure Y. Collectively, these biochemical and
cellular disruptions present a multifaceted challenge, highlighting the critical need for
targeted therapeutic interventions aimed at restoring normal healing mechanisms in diabetic
patients. Diabetic patients often suffer from complications such as cardiovascular diseases
94 neuropathy 11, nephropathy ¥, retinopathy °*!, and foot ulcers %), leading to significant
morbidity and mortality . Addressing the interplay between socioeconomic factors and
diabetes management is crucial for understanding their impact on wound healing. individuals
from lower socioeconomic backgrounds often experience greater barriers to accessing
healthcare resources, contributing to delayed diagnoses and suboptimal management of
diabetes. This lack of access not only exacerbates the condition but also increases the
likelihood of developing complications, such as diabetic foot ulcers, which significantly
impede the healing process. Moreover, socioeconomic status influences nutritional choices,
leading to diets that can exacerbate glycemic control, ultimately affecting wound healing
outcomes. Research indicates that inadequate nutrition can impair collagen synthesis and
epithelialization, ! critical compOnents of effective wound healing, thus creating a vicious
cycle where poor socioeconomic conditions contribute to worsening health outcomes.
Therefore, tackling these socioeconomic disparities is essential for improving not only
diabetes management but also the overall healing trajectory of affected individuals. Access to
healthcare and education plays a pivotal role in the effective management of diabetes, directly
influencing patient outcomes and the incidence of complications such as impaired wound
healing. individuals who lack consistent access to healthcare often experience challenges in
monitoring their blood glucose levels, adhering to treatment plans, and receiving timely
interventions for complications, ultimately exacerbating the risk of adverse health outcomes
and reducing overall quality of life B, Furthermore, education about diabetes self-
management empowers patients to make informed decisions about their health, fostering
behaviors that enhance glycemic control and minimize complications. Programs that provide
comprehensive education—including nutritional guidance, exercise recommendations, and

skills for self-monitoring—are essential in equipping patients to navigate their condition
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effectively. Consequently, enhancing both healthcare access and educational resources is
critical for reducing the burden of diabetes and its associated complications on both
individuals and healthcare systems globally. Future research should prioritize longitudinal
studies that explore the efficacy of emerging therapies, such as advanced dressings and
bioengineered skin substitutes. Additionally, interdisciplinary approaches that integrate
nutritional, pharmacological, and psychosocial support are vital to creating a comprehensive
framework for managing diabetic wounds . By fostering collaborations among healthcare
providers, researchers, and patients, we can develop and implement innovative strategies that

significantly improve outcomes in this vulnerable population.
1.2 Global Statistics

The prevalence of diabetes has been rising rapidly over the past few decades:

o Worldwide Prevalence: According to the International Diabetes Federation, as of
2021, approximately 537 million adults (20-79 years) were living with diabetes. This
number is projected to rise to 643 million by 2030 and 783 million by 2045 if current
trends continue.

o Regional Differences: The prevalence of diabetes varies significantly across different
regions and countries. The highest prevalence is found in the Middle East and North
Africa, followed by South-East asia and the Western Pacific. High-income countries
also have a considerable burden of diabetes, though middle- and low-income
countries are experiencing the fastest increases.

o Economic Impact: Diabetes imposes a substantial economic burden on healthcare
systems and economies. The global health expenditure on diabetes is estimated to be

over $966 billion USD annually, and this figure is expected to rise.
1.2.1 Prevalence and Statistics in India

India is often referred to as the “diabetes capital of the world" due to its high and rapidly
increasing number of diabetes cases. This surge is attributed to a combination of genetic
predisposition and significant lifestyle changes occurring with urbanization and economic

development.
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o Total Cases: as of 2021, approximately 77 million adults in India are living with
diabetes, making it the country with the second-highest number of diabetes cases
globally, following China.

o Projected increase: This number is projected to rise dramatically, reaching 101
million by 2030 and 134 million by 2045 if current trends continue.

o Undiagnosed Cases: It is estimated that nearly half of all diabetes cases in India are

undiagnosed, highlighting a significant gap in detection and awareness.

1.2.2 Age and Gender Distribution

o Age: Diabetes prevalence increases with age. in India, the highest prevalence is
observed in individuals aged 50-70 years. However, there is also a notable increase in
diabetes cases among younger adults and even adolescents [*°!.

o Gender: The prevalence of diabetes in India is slightly higher in men compared to
women. However, women with diabetes face higher risks of cardiovascular diseases

and complications compared to their male counterparts.

1.2.3. Urban vs. Rural Distribution

o Urban Areas: Urbanization has significantly contributed to the rising prevalence of
diabetes. The prevalence rate in urban areas is about 11-14%, which is nearly double
that of rural areas.

o Rural Areas: in rural areas, the prevalence is around 6-8%, but this figure is

increasing as rural lifestyles become more urbanized.

1.3 Types of Diabetes

1.3.1 Type 1 Diabetes

o Description: An autoimmune condition where the immune system attacks and
destroys the insulin-producing beta cells in the pancreas. The destruction of
beta cells leads to an absolute deficiency of insulin.

o Onset: Typically develops in children and young adults but can occur at any
age.

o Management: Requires lifelong insulin therapy, regular blood glucose

monitoring, and lifestyle adjustments 2.
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1.3.2 Type 2 Diabetes

o

Description: A condition where the body becomes resistant to insulin or the
pancreas fails to produce enough insulin. insulin resistance in tissues
combined with an inadequate compensatory insulin secretion by the pancreas
leads to elevated blood glucose levels.

Onset: More common in adults over 45 years old but increasingly seen in
younger age groups, including children and adolescents.

Management: Managed through lifestyle changes (diet and exercise), oral

medications, and sometimes insulin therapy.

1.3.3 Gestational Diabetes

Description: Diabetes diagnosed during pregnancy in women who have never
had diabetes before.

Onset: Occurs during pregnancy and usually resolves after delivery, but it
increases the risk of developing Type 2 diabetes later in life.

Management: Managed through diet, exercise, and sometimes insulin or

other medications.

1.3.4 Other Specific Types of Diabetes

Maturity-onset Diabetes of the Young (MODY): A rare form caused by a mutation in a

single gene. MODY is a rare, monogenic form of diabetes characterized by autosomal

dominant inheritance. It typically manifests in individuals under 25 years of age and is caused

by mutations in specific genes that affect pancreatic beta-cell function. Unlike type 1 and

type 2 diabetes, MODY does not involve autoimmune destruction of beta cells or significant

insulin resistance. The most common mutations associated with MODY occur in the

following genes:

e HNF1A (MODY3): Linked to a progressive decline in insulin secretion. Patients

often respond well to sulfonylureas.

e GCK (MODY?2): Affects glucose sensing in beta cells, resulting in mild, stable

hyperglycemia that rarely requires treatment.
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e HNF4A (MODY1): Similar  to MODY3 but less common.
Other rarer forms of MODY involve mutations in genes such as PDX1, INS, and
KCNJ11.

Diagnosis and Management

e Diagnosis is confirmed via genetic testing.
e Management varies based on the subtype: sulfonylureas for HNF1A-MODY, no
treatment for GCK-MODY unless during pregnancy, and insulin therapy if necessary

for severe casesary Diabetes

Secondary Diabetes: It refers to hyperglycemia resulting from other medical conditions,
medications, or treatments that disrupt glucose metabolism. Unlike primary diabetes types

(type 1 and 2), secondary diabetes arises as a consequence of an identifiable external cause.

Causes

A. Endocrine Disorders:
o Cushing's syndrome: Excess cortisol causes insulin resistance.
o Acromegaly: Elevated growth hormOne levels impair insulin action.
o Hyperthyroidism: increases glucose production and reduces insulin
sensitivity.
B. Pancreatic Diseases:
o Chronic pancreatitis, pancreatic cancer, or surgical removal of the
pancreas may reduce insulin production.
C. Medications:
o Glucocorticoids, atypical antipsychotics, thiazide diuretics, and certain
antiretroviral drugs can impair glucose metabolism.
D. infections:
o Viral infections like cytomegalovirus or rubella may impair beta-cell function.
E. Genetic Syndromes:
o Conditions like Down syndrome or Turner syndrome may predispose

individuals to diabetes.
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Diagnosis and Management

e Diagnosis involves blood glucose testing and identifying the causative factor.
e Treatment focuses on managing hyperglycemia (lifestyle changes, oral medications,

or insulin therapy) and addressing the underlying cause.
1.4 Symptoms of Diabetes
Common symptoms of diabetes include:

o Increased thirst (polydipsia)
o Frequent urination (polyuria)
o Extreme hunger (polyphagia)
o Unexplained weight loss

o Fatigue

o Blurred vision

o Slow-healing wounds

o Frequent infections
1.5 Pathophysiology of Diabetes
Normal Glucose Regulation

in a healthy individual, blood glucose levels are regulated by the hormOne insulin, which is
produced by the beta cells in the pancreas. insulin facilitates the uptake of glucose by cells for

energy and storage, thereby lowering blood glucose levels P2

1.5.1 Complications in Diabetes

Diabetes can lead to both acute and chronic complications if not well-managed.
1.5.2 Acute Complications

1. Hypoglycemia: Low blood glucose levels causing symptoms like shaking, sweating,

and confusion. Severe cases can lead to seizures and unconsciousness.
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2.

Diabetic Ketoacidosis (DKA): A serious condition where the body produces high
levels of blood acids called ketOnes. It is more common in Type 1 diabetes and
requires emergency treatment.

Hyperosmolar Hyperglycemic State (HHS): Characterized by extremely high blood

glucose levels without ketOnes, more common in Type 2 diabetes.

1.5.3 Chronic Complications

Cardiovascular Disease: increased risk of heart disease, stroke, and hypertension 4,

Neuropathy: Nerve damage, particularly in the legs and feet, leading to pain,
tingling, and loss of sensation L.

Nephropathy: Kidney damage that can progress to chronic kidney disease and
require dialysis or transplantation *4.

Retinopathy: Damage to the blood vessels in the retina, leading to vision problems
and potential blindness *4,

Foot Complications: Poor circulation and neuropathy can result in foot ulcers,

infections, and amputations 2%,

1.5.4 Pathophysiological factors contributing to wound healing in Normal individuals

Normal wound healing is a complex and highly regulated process involving various cellular

and molecular mechanisms that work together to restore tissue integrity after injury. This

process can be divided into several overlapping phases, each characterized by specific

pathophysiological factors. Here's an overview of the key factors contributing to normal

wound healing:

1. Hemostasis (Immediate Response)

o

Vasoconstriction: Immediately after injury, blood vessels constrict to reduce blood
loss. This is mediated by the release of endothelin and thromboxane from damaged
endothelial cells B!,

Platelet Activation: Platelets adhere to the exposed collagen in the wound bed,
become activated, and release various substances like thromboxane A2 and adenosine
diphosphate (ADP) to promote further platelet aggregation [**.
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o Fibrin Clot formation: The coagulation cascade is activated, leading to the
conversion of fibrinogen to fibrin, forming a stable blood clot that seals the wound
and provides a temporary matrix for cell migration®” .

o inflammation (0-3 Days)

o Vasodilation: After initial vasoconstriction, blood vessels dilate due to the release of
histamine, bradykinin, and prostaglandins from mast cells and injured tissues. This
increases blood flow to the wound area, delivering immune cells and nutrients .

o Leucocyte Recruitment: Neutrophils are the first immune cells to arrive at the
wound site, attracted by chemotactic signals such as interleukin-8 (IL-8) % and
complement factors. They phagocytose debris and bacteria ..

o Macrophage Activation: Macrophages replace neutrophils after 24-48 hours. They
continue phagocytosis, release growth factors (e.g., Transforming Growth Factor-p,
Vascular Endothelial Growth Factor), and cytokines (e.g., interleukin-1, Tumor
Necrosis Factor-) that regulate inflammation and promote tissue repair 31,

o Proliferation (3-10 Days)

o Re-epithelialization: Keratinocytes at the wound edges proliferate and migrate across
the wound bed, covering the wound and restoring the skin barrier. This process is
stimulated by growth factors like EGF (epidermal growth factor) 9.

o Angiogenesis: New blood vessels form from pre-existing Ones, a process driven by
VEGF and fibroblast growth factor-2 (FGF-2). These vessels supply oxygen and
nutrients to the healing tissue ?%.

o Fibroblast Activation and Collagen Deposition: Fibroblasts migrate to the wound
site, stimulated by TGF-B and PDGF (platelet-derived growth factor). They produce
collagen and other extracellular matrix (ECM) compOnents, providing structural
support to the new tissue M.

o Granulation Tissue formation: A combination of new blood vessels, fibroblasts,
and ECM forms granulation tissue, which fills the wound bed and provides a
foundation for further tissue re-modelling 2.

o Remodeling (Weeks to Months)

o Collagen Remodeling: The initial collagen (type IIl) laid down during the
proliferative phase is gradually replaced by stronger type | collagen. This process is
mediated by matrix metalloproteinases (MMPSs) and their inhibitors (Tissue inhibitors

of Metalloproteins) 7.
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o Wound Contraction: Myofibroblasts, specialized fibroblasts, contract and reduce the
wound size. This helps in bringing the wound edges closer together, facilitating
closure %,

o Maturation and Scar formation: Over time, the wound undergoes further
remodeling, with the collagen fibers becoming more organized. The tensile strength
of the wound gradually increases, though it typically reaches only 70-80% of the
original tissue strength 1“2,

o Extracellular Matrix (ECM) Dynamics

o Provision of Scaffold: The ECM, composed of collagen, fibrOnectin, and other
glycoproteins, provides a scaffold for cell migration and tissue regeneration [**!. The
ECM also binds and regulates the availability of growth factors, facilitating
communication between cells.

o Regulation by MMPs and TIMPs: The balance between MMPs and TIMPs is
crucial for ECM remodelling. MMPs degrade the ECM, allowing for new tissue
formation, while TIMPs regulate MMP activity to prevent excessive degradation P,

o Growth Factors and Cytokines

o Growth Factors: Several growth factors play key roles in wound healing, including
VEGF (angiogenesis), Platelet Derived Growth Factor (fibroblast activation), TGF-p
(collagen synthesis and fibroblast differentiation), and Epidermal Growth Factor
(keratinocyte proliferation and migration) ™.

o Cytokines: Cytokines like IL-1, IL-6, and TNF-a mediate inflammation, recruit
immune cells, and regulate the transition from the inflammatory phase to the
proliferative phase %4,

o Oxygen and Nutrient Supply

o Oxygenation: Oxygen is critical for cellular metabolism, collagen synthesis, and the
function of immune cells 1. Angiogenesis ensures that the healing tissue receives
adequate oxygen and nutrients.

o Nutrient Supply: Adequate blood flow delivers essential nutrients like glucose and

amino acids, which are required for cell proliferation and ECM production.
8. Contribution of Immune System

Both the innate and adaptive immune systems play important roles in wound healing,

contributing to different stages of the healing process. Here's how each system contributes:
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Innate Immune System

The innate immune system is the first line of defence and responds quickly to injury. its

compOnents include:

1. Barrier Defences:

o The skin and mucosal barriers prevent pathogen entry. When a wound occurs,

these barriers are compromised, triggering an immune response %,
2. Inflammatory Response:

o Neutrophils: These white blood cells are the first responders to a wound site.
They help clear debris and pathogens through phagocytosis and release
enzymes and reactive oxygen species to kill microbes 13!,

o Macrophages: After neutrophils, macrophages arrive at the wound site. They
play a critical role in clearing dead cells and pathogens and produce cytokines
that regulate inflammation and healing %,

o Mast Cells: These cells release histamine and other mediators that increase
blood flow and attract other immune cells to the wound site .

3. Cytokines and Chemokines:

o These signaling molecules are produced by immune cells and damaged tissues
to recruit additional immune cells, promote inflammation, and facilitate
healing 1%,

4. Angiogenesis:

o The innate immune response promotes the formation of new blood vessels

through the release of vascular endothelial growth factor (VEGF) and other

factors ™.
Adaptive Immune System

The adaptive immune system provides a more specific and long-lasting response to injury. its

compOnents include:

1. T Cells:
o Helper T Cells (CD4+ T cells): They produce cytokines that enhance the
activity of other immune cells, including macrophages and B cells. They help
regulate the inflammatory response and promote tissue repair ™.
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o Cytotoxic T Cells (CD8+ T cells): While primarily involved in eliminating
infected or damaged cells, they can also contribute to wound healing by
clearing infected cells ).

2. BCells:

o These cells produce antibodies that can help neutralize pathogens present in
the wound. Antibodies also enhance phagocytosis by marking pathogens for
destruction .

3. Memory Cells:

o Once the wound is healed, memory T and B cells can persist and provide

faster and more robust responses to future infections or injuries in the same

areal.
Integration of innate and Adaptive Responses

The innate and adaptive immune systems work together to ensure effective wound healing.
The innate response initiates the healing process by clearing pathogens and debris, while the
adaptive response fine-tunes the immune response, providing specificity and memory for
future healing. Together, they facilitate the transition from inflammation to tissue repair and

remodelling, ultimately promoting optimal healing outcomes.
9. Neurogenic Factors

o Nerve Growth Factor (NGF): NGF and other neuropeptides released from nerve
endings can influence wound healing by promoting cell proliferation and modulating
inflammation .

o Neurogenic inflammation: Sensory nerves can release neuropeptides like substance
P and calcitonin gene-related peptide (CGRP) that promote vasodilation and immune

cell recruitment, contributing to the inflammatory phase of wound healing [*.

10. Mechanical Factors

o Tissue Tension and Wound Contraction: The mechanical environment of the
wound influences healing. Tissue tension can stimulate myofibroblast activity,

leading to wound contraction and closure B2,
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These factors work in concert to ensure that wound healing progresses through the necessary

phases, ultimately restoring tissue integrity and function in a normal individual. Disruptions

in any of these processes can lead to impaired healing or chronic wounds.

1.5.5 Diabetes and Wound Healing

Impaired wound healing is a significant complication of diabetes, particularly affecting the

feet. There are various mechanisms leading to the delayed healing:

1. Hyperglycemia:

o

Glycation of Proteins: Chronic high blood glucose levels lead to the non-enzymatic
glycation of proteins, forming advanced glycation end-products (AGEs). AGEs
interfere with normal cell functions and alter the extracellular matrix, making it
difficult for cells to communicate and heal the wound ),

Oxidative Stress: Hyperglycemia increases the production of reactive oxygen species
(ROS), which damages cellular structures, including lipids, proteins, and DNA,

leading to impaired cell migration and proliferation .

2. Reduced Blood Flow (Ischemia):

@)

Peripheral Vascular Disease: Diabetes often leads to the development of peripheral
artery disease (PAD), reducing blood flow to the extremities. Poor circulation impairs
the delivery of oxygen, nutrients, and immune cells to the wound site, which are
essential for healing 2.

Capillary Damage: Microvascular complications, such as diabetic microangiopathy,
damage capillaries, further reducing blood flow and increasing the risk of tissue

necrosis 141,

3. Neuropathy:

o

Loss of Sensation: Diabetic neuropathy can cause loss of sensation, particularly in
the extremities. This reduces the ability to feel pain, leading to unnoticed injuries and
delayed treatment *°!.

Autonomic Dysfunction: Autonomic neuropathy affects sweat glands, leading to dry,

cracked skin, which is more susceptible to injury and infection '),
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4. Impaired Immune Response:

o

o

Reduced Neutrophil Function: Hyperglycemia impairs neutrophil chemotaxis,

phagocytosis, and microbial killing, making it difficult for the body to clear infections
[53]

Altered Cytokine Production: Imbalances in cytokine production can prolong

inflammation and delay the transition to the proliferative phase of healing 1%,

5. Delayed Cell Migration and Proliferation:

@)

Fibroblast Dysfunction: High glucose levels impair fibroblast function, leading to
reduced collagen synthesis and extracellular matrix formation, which are critical for
wound closure 11,

Keratinocyte Dysfunction: Keratinocytes are less effective in migrating across the

wound bed to close the wound, further delaying healing .

6. Chronic inflammation:

o

Persistent inflammatory Phase: Chronic hyperglycemia and oxidative stress can
cause prolonged inflammation, preventing the wound from progressing to the next
stages of healing ..

Increased Matrix Metalloproteinases (MMPs): Elevated MMPs degrade the
extracellular matrix excessively, disrupting tissue remodeling and delaying wound

closure 71,

7. Impaired Angiogenesis:

o

Reduced VEGF Production: Vascular endothelial growth factor (VEGF) is essential
for new blood vessel formation. in diabetes, the production and response to VEGF are

often impaired, leading to poor angiogenesis and delayed wound healing ©!.

These mechanisms create a vicious cycle where wounds in diabetic patients heal slowly,

remain open longer, and are more susceptible to infections, leading to complications like

diabetic foot ulcers, which can result in amputation if not managed properly.4

Atmiya University, Rajkot, Gujarat, india Page 15 of 270



A Study on Polyherbal Formulation for Diabetic Wound Healing

1.5.6 Pathophysiological factors contributing to poor, delayed or impaired wound
healing in Diabetic individuals

Poor wound healing is a lamentable issue in diabetes and can lead to severe complications,
including infections and amputations. The impaired healing process in diabetes is
multifactorial, involving disruptions in cellular and molecular mechanisms essential for
wound repair. The regulation of blood glucose levels involves a delicate balance between
glucose production, uptake, and utilization, primarily mediated by insulin and glucagon,

hormOnes produced by the pancreas.
Here are the key pathophysiological factors contributing to poor wound healing in diabetes:

1. Hyperglycemia

o Hyperglycemia % or high blood glucose levels, is a hallmark of diabetes and results
from complex mechanisms involving impaired insulin production, insulin resistance,
or a combination of both. Understanding these mechanisms provides insight into the

pathophysiology of diabetes and guides effective treatment strategies.
o Impact on Healing:

Elevated blood glucose levels directly impair the function of cells involved in wound

healing and increase the risk of infections.
o Pathophysiology of Hyperglycemia

Hyperglycemia arises from disturbances in the balance between insulin and glucagon,

leading to impaired glucose uptake and increased glucose production .
Mechanisms in Type 1 Diabetes

Type 1 diabetes is characterized by autoimmune destruction of pancreatic beta cells,

leading to absolute insulin deficiency.

1. Autoimmune Destruction: The immune system mistakenly attacks beta cells,

reducing insulin production B4,
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2. Lack of insulin: Without insulin, cells cannot uptake glucose efficiently,
leading to increased blood glucose levels %,

3. Increased Glucose Production: The liver continues to produce glucose via
glucOneogenesis and glycogenolysis, exacerbating hyperglycemia due to the

lack of insulin's inhibitory effect 2.
Mechanisms in Type 2 Diabetes

Type 2 diabetes involves a combination of insulin resistance and relative insulin

deficiency.

1. Insulin Resistance: Cells in the liver, muscle, and fat become less responsive
to insulin, requiring higher levels of insulin to achieve glucose uptake 2.
o Liver: insulin resistance in the liver leads to increased glucose
production through uninhibited glucOneogenesis and glycogenolysis.
o Muscle and Fat: Reduced glucose uptake in muscle and fat cells
contributes to elevated blood glucose levels.
2. Beta Cell Dysfunction: Over time, the pancreas cannot compensate for the
increased demand for insulin, leading to relative insulin deficiency.
o Decreased insulin Secretion: Beta cells fail to secrete sufficient
insulin in response to blood glucose levels.
o Beta Cell Exhaustion: Chronic hyperglycemia and high insulin

demand contribute to beta cell dysfunction and apoptosis.
Mechanisms in Gestational Diabetes

Gestational diabetes occurs during pregnancy and involves insulin resistance

influenced by hormonal changes %),

1. Hormonal Changes: Pregnancy hormOnes such as human placental lactogen
(hPL) and progesterOne induce insulin resistance to ensure an adequate
glucose supply for the growing foetus.

2. Insulin Resistance: increased insulin resistance during pregnancy leads to

higher blood glucose levels.

Atmiya University, Rajkot, Gujarat, india Page 17 of 270



A Study on Polyherbal Formulation for Diabetic Wound Healing

3. Inadequate insulin Response: The pancreas may not be able to produce
enough insulin to overcome the increased resistance, resulting in

hyperglycemia.
Cellular and Molecular Mechanisms
Insulin Signaling Pathway

1. insulin Receptor Binding: insulin binds to its receptor on the cell surface,
triggering receptor autophosphorylation and activation **!

2. Signal Transduction: Activated insulin receptors initiate a signalling cascade
involving IRS (insulin receptor substrates), PI3K (phosphoinositide 3-kinase),
and AKT (protein kinase B) [**!,

3. Glucose Transporter Translocation: The signalling cascade promotes the
translocation of GLUT4 (glucose transporter type 4) to the cell membrane,

facilitating glucose uptake 13!,

Insulin Resistance Mechanisms

1. Inflammation: Chronic low-grade inflammation, often associated with
obesity, impairs insulin signalling by activating inflammatory pathways (e.g.,
TNF-0, IL-6) ™! that interfere with insulin receptor signalling.

2. Lipid Accumulation: Excess fatty acids and triglycerides in tissues
(lipotoxicity) can impair insulin signalling through the accumulation of lipid
intermediates (e.g., diacylglycerol, ceramides) that activate stress pathways
(e.g., Protein Kinase C {PKC}, c- Jun N- terminal Kinase {INK}) 4.

3. Endoplasmic Reticulum (ER) Stress: Overnutrition and obesity **'can lead
to ER stress, which disrupts protein folding and activates stress response
pathways (e.g., inositol-requiring Enzyme-1{IRE1}, Protein Kinase R-like ER
Kinase {PERK}) that impair insulin action.

Glucose Production Mechanisms

1. GlucOneogenesis: The liver produces glucose from non-carbohydrate sources
(e.g., amino acids, lactate) through glucOneogenesis. insulin inhibits

glucOneogenesis, while glucagon stimulates it.
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2. Glycogenolysis: The breakdown of glycogen into glucose is regulated by
insulin (inhibitory) and glucagon (stimulatory). in diabetes, impaired insulin

action leads to unchecked glycogenolysis.
Consequences of Hyperglycemia

Chronic hyperglycemia leads to several complications due to its toxic effects on

various tissues:

1. Advanced Glycation End Products (AGEs): High glucose levels lead to the
formation of AGEs, which can damage proteins, lipids, and nucleic acids,
contributing to vascular and tissue damage ?%.

2. Oxidative Stress: Hyperglycemia increases the production of reactive oxygen
species (ROS), leading to oxidative damage to cells and tissues %,

3. Inflammation: Chronic hyperglycemia induces inflammatory responses that

further impair insulin action and contribute to complications.

2. Neuropathy

o Impact on Healing: Diabetic neuropathy reduces sensation in the extremities, leading
to unrecognized injuries and delayed treatment.

o Pathophysiology: High blood glucose levels cause damage to nerves throughout the
body, resulting in various types of neuropathy. individuals may not feel pressure or
trauma, resulting in unnoticed and untreated wounds %,

o Types:

o Peripheral Neuropathy: Affects the extremities, causing pain, tingling, and
numbness, particularly in the feet and hands B4,

o Autonomic Neuropathy: Affects the autonomic nervous system, leading to
issues with digestion, bladder control, sexual function, and cardiovascular
responses 1.

o Proximal Neuropathy: Affects the thighs, hips, or buttocks, causing pain and
muscle weakness.

o Focal Neuropathy: Affects specific nerves, causing sudden weakness or pain

in muscles.
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3. Impaired Immune Response

o Impact on Healing: Diabetes can weaken the immune system, making it less
effective at responding to infections and clearing debris from wounds.
o Mechanisms:
o Dysfunctional Immune Cells: Reduced activity of neutrophils and
macrophages impairs the inflammatory and infection-fighting response 4.
o Chronic inflammation: Persistent low-grade inflammation can disrupt

normal healing processes and lead to chronic wounds 2%

4. Poor Circulation

o Impact on Healing: Reduced blood flow ®* due to peripheral vascular disease
decreases the delivery of oxygen and nutrients necessary for wound repair.
o Mechanisms:
o Atherosclerosis: Diabetes accelerates atherosclerosis ¥, leading to narrowed
and obstructed blood vessels.
o Decreased Oxygenation: Poor circulation results in inadequate oxygen supply

to the wound site, impairing cell function and repair .

5. Defective Collagen Synthesis

o Impact on Healing: Collagen B% is crucial for wound strength and repair. Defective
collagen synthesis can lead to weak and poorly structured wounds.
o Mechanisms:
o Impaired Fibroblast Function: Diabetes affects fibroblast activity, reducing
collagen production and deposition .
o Abnormal Collagen Cross-Linking: High glucose levels lead to abnormal
cross-linking of collagen fibers, affecting the strength and elasticity of the new

tissue [,

6. Delayed Wound Contraction

o Impact on Healing: Wound contraction is a key phase of wound healing that reduces
wound size and facilitates closure . Delayed contraction can prolong the healing

process.
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o Mechanisms:
o Altered Myofibroblast Function: Myofibroblasts play a crucial role in
wound contraction. Diabetes can impair their function, leading to slower

contraction rates.

6. Impaired Angiogenesis

Angiogenesis Y1, the process of forming new blood vessels from existing Ones, is
crucial for wound healing as it supplies oxygen and nutrients to the healing tissue. in
diabetic wounds, angiogenesis is often impaired, contributing significantly to delayed
healing and increased risk of complications. Here’s an in-depth look at the

mechanisms and consequences of impaired angiogenesis in diabetic wounds.

o Impact on Healing: Angiogenesis, the formation of new blood vessels, is essential
for providing nutrients and oxygen to the healing tissue. Impaired angiogenesis can

delay wound healing.
Factors of Impaired Angiogenesis

1. Hyperglycemia
o Increased Production of Advanced Glycation End Products (AGEs):
Chronic hyperglycemia leads to the formation of AGEs, which can disrupt
normal endothelial cell function and promote inflammation .
o Oxidative Stress: Elevated glucose levels increase oxidative stress, which
damages endothelial cells and inhibits their ability to proliferate and migrate,
both critical for angiogenesis .
2. Dysfunctional Endothelial Cells
o Reduced Proliferation and Migration: Diabetes can impair the proliferation
and migration of endothelial cells, essential processes for forming new blood
vessels !,
o Endothelial Dysfunction: Changes in the endothelial cells' ability to respond
to angiogenic signals, such as vascular endothelial growth factor (VEGF),

compromise their function [,
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3. Altered Growth Factor Signalling
o Decreased Levels of Angiogenic Factors: Diabetic patients often have
reduced levels of key angiogenic factors like VEGF, basic fibroblast growth
factor (bFGF), and transforming growth factor-beta (TGF-B), which are
critical for promoting angiogenesis %!,

o Resistance to Growth Factors: Even when angiogenic factors are present,
diabetic tissues may exhibit resistance to their effects due to receptor
dysfunction or downstream signalling impairments 2.

4. Chronic inflammation

o Prolonged inflammatory Response: Diabetes is associated with chronic low-
grade inflammation, which can hinder the angiogenic response.

o Inflammatory Cytokines: Elevated levels of pro-inflammatory cytokines
(e.9., TNF-a, IL-6) can interfere with the normal angiogenic process and
promote endothelial cell apoptosis 71,

5. Hypoxia

o Impaired Oxygen Delivery: Poor blood flow due to microvascular
complications in diabetes leads to localized hypoxia, which can stimulate
angiogenesis; however, the presence of hypoxia in a diabetic wound often fails
to elicit an adequate angiogenic response [“2.

o Altered Hypoxia-inducible Factor (HIF) Activity: HIF is a critical regulator
of the angiogenic response; in diabetes, the regulatory pathways may be

disrupted, impairing the body’s ability to respond to low oxygen levels 2.

Management Strategies

Managing diabetic wounds is a multifaceted approach that involves controlling blood sugar
levels, ensuring proper wound care, and addressing any complications that may arise. Here

are the key strategies for managing diabetic wounds:
1. Glycemic Control:

o Tight Blood Glucose Management: Maintaining blood glucose levels within the
target range is crucial for wound healing. This can be achieved through medication

(insulin or oral hypoglycemics), diet, and regular monitoring.
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o HbAlc Monitoring: Regular monitoring of HbAlc levels helps in assessing long-
term glycemic control and adjusting treatment plans accordingly.

2. Wound assessment and Monitoring:

o Regular inspections: Diabetic patients, especially those with neuropathy, should
regularly inspect their feet and other areas prOne to ulcers for any signs of injury or
infection 2%,

o Wound Classification: Properly classifying the wound (e.g., Wagner Classification
for diabetic foot ulcers) helps in determining the severity and guiding the treatment

plan B,

3. Wound Debridement:

o Removal of Necrotic Tissue: Debridement is the process of removing dead or
infected tissue from the wound, which helps in reducing the bacterial load and
promoting healthy tissue growth [°¢!.

o Methods: Debridement can be dOne using surgical, enzymatic, autolytic, or

mechanical methods, depending on the wound's condition /.
4. infection Control:

o Topical Antimicrobial Agents: Applying topical antibiotics or antiseptics can help in
preventing or controlling wound infections 3.

o Systemic Antibiotics: for infected wounds, systemic antibiotics may be necessary,
especially if there is a risk of spreading infection (e.g., cellulitis or osteomyelitis) ).

o Regular Culturing: If an infection is suspected, wound cultures should be taken to
identify the pathogen and guide antibiotic therapy ™.

5. Pressure offloading:

o Offloading Devices: for foot ulcers, offloading pressure from the wound is critical.

This can be achieved using custom-made footwear, orthotic devices, or total contact

casts %81,

o Bed Rest: in severe cases, reducing weight-bearing activities and prolonged bed rest

may be necessary to allow healing ®°.

Atmiya University, Rajkot, Gujarat, india Page 23 of 270



A Study on Polyherbal Formulation for Diabetic Wound Healing

6. Moist Wound Healing:

o Appropriate Dressings: Keeping the wound moist, but not too wet, helps in
promoting healing. Dressings such as hydrogels, hydrocolloids, or foam dressings can
be used depending on the wound's exudate level %,

o Frequent Dressing Changes: Dressings should be changed regularly, keeping the

wound environment optimal for healing 1%,

7. Advanced Wound Therapies:

o Negative Pressure Wound Therapy (NPWT): NPWT ™ involves applying a
vacuum to the wound through a sealed dressing, which helps in reducing edema %,
removing exudate, and promoting blood flow.

o Growth Factors: Topical application of growth factors like platelet-derived growth
factor (PDGF) can accelerate healing in chronic wounds %,

o Skin Grafts and Bioengineered Skin Substitutes: for large or non-healing wounds,
skin grafts or bioengineered tissue ¥ may be used to close the wound and promote

healing.
8. Nutritional Support:

o Balanced Diet: A diet rich in protein, vitamins (especially vitamin C ® and APY),
and minerals (like zinc®”) is essential for wound healing.
o Nutritional Supplements: in some cases, patients may require supplements to correct

deficiencies ™ and support healing.
9. Education and Self-Care:

o Patient Education: Educating patients about proper foot care, the importance of
blood sugar control, and the need to report any signs of infection or non-healing
wounds early.

o Regular Follow-Up: Scheduled follow-ups with healthcare providers for monitoring

and adjusting the treatment plan as needed.
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10. Surgical interventions:

o Revascularization: for wounds caused by peripheral artery disease, surgical
revascularization (bypass surgery or angioplasty) may be necessary to restore blood
flow.

o Amputation: in cases where the wound has led to severe infection ! or gangrene
(7] amputation ®® may be required to prevent the spread of infection and save the

patient's life.
11. Adjunct Therapies:

o Hyperbaric Oxygen Therapy (HBOT): HBOT %81 involves breathing pure oxygen
in a pressurized chamber, which can enhance oxygen delivery to tissues and promote
wound healing.

o Electrical Stimulation and Ultrasound Therapy: These therapies can be used to

stimulate cell growth and promote healing in chronic wounds.
12. Psychological Support:

o Counselling: Managing chronic wounds can be stressful for patients, and
psychological support or counselling may be necessary to address any mental health

issues related to their condition.

Effective management of diabetic wounds requires a multidisciplinary approach, involving
healthcare professionals such as endocrinologists, podiatrists, wound care specialists, and

dietitians, to address all aspects of the patient's health and wound care needs.

8. Increased Risk of infection

Diabetic wounds are particularly vulnerable to bacterial infections due to the compromised
immune response and other factors associated with diabetes. These infections can range from
superficial skin infections to deep-seated infections involving muscles, bOnes, and even

systemic spread. The types of bacterial infections commonly seen in diabetic wounds include:
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1. Cellulitis

o

Description: Cellulitis is an acute, spreading bacterial infection ®! of the skin and
subcutaneous tissues.

Common Pathogens: Staphylococcus aureus ' (including Methicillin-resistant
Staphylococcus aureus, MRSA) and Streptococcus pyogenes (Group A
Streptococcus).

Clinical Presentation: Patients typically present with red, swollen, warm, and painful
skin. The borders of the infection are usually not well defined, and the condition may

spread rapidly.

2. Abscess

@)

Description: An abscess is a localized collection of pus within a tissue, usually
surrounded by inflammation.

Common Pathogens: Staphylococcus aureus (including MRSA) is the most common
cause, but polymicrobial infections involving Escherichia coli ! Pseudomonas
aeruginosa %, and anaerobes can also occur.

Clinical Presentation: Patients may have a painful, swollen, and fluctuant mass that
may be warm and erythematous. Fever and systemic signs of infection can

accompany larger abscesses.

3. Infected Ulcers

Description: Diabetic foot ulcers are prOne to becoming infected due to poor blood
flow, neuropathy, and immune dysfunction.
Common Pathogens:

o Polymicrobial infections: Commonly involve a combination of Gram-
positive cocci (e.g., Staphylococcus aureus, Streptococcus spp.), Gram-
negative rods (e.g., Escherichia coli, Proteus spp., Pseudomonas aeruginosa),
and anaerobes (e.g., Bacteroides fragilis, Clostridium spp.).

Clinical Presentation: infected ulcers may present with increased erythema, warmth,
pain, purulent discharge, and foul odour. The wound may also appear larger and

deeper with necrotic tissue.
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4. Osteomyelitis

o Description: Osteomyelitis is a severe bOne infection that can develop in chronic
diabetic ulcers, particularly in the feet.
o Common Pathogens:
o Staphylococcus aureus (including MRSA) is the most common pathogen.
Other organisms may include Gram-negative bacteria such as Pseudomonas
aeruginosa, Escherichia coli, and anaerobes.
o Clinical Presentation: Patients may present with pain, swelling, and erythema over
the affected bOne, often with an associated wound or ulcer. There may be systemic
signs of infection such as fever and malaise. Chronic osteomyelitis may present with

draining sinuses.

5. Necrotizing Fasciitis

o Description: Necrotizing fasciitis is a rapidly progressing, life-threatening infection
that involves the fascia and subcutaneous tissues, leading to extensive tissue necrosis.
o Common Pathogens:

o Type | (Polymicrobial): involves a mix of anaerobes (e.g., Bacteroides,
Clostridium) and facultative anaerobes (e.g., Enterobacteriaceae,
Streptococcus, Staphylococcus aureus).

o Type Il (Monomicrobial): often caused by Streptococcus pyogenes (Group A
Streptococcus) or Staphylococcus aureus (including MRSA).

o Clinical Presentation: Patients may initially present with pain out of proportion to
physical findings, erythema, swelling, and fever. The condition progresses rapidly,

leading to skin discoloration, bullae, crepitus, and septic shock.

6. Gangrene

o Description: Gangrene is the death of body tissue due to either a lack of blood flow
or a severe bacterial infection.
o Types:
o Dry Gangrene: often results from chronic ischemia in diabetic patients.
o Wet Gangrene: associated with bacterial infection, typically more aggressive

and prone to spreading.
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o Common Pathogens:

o Wet gangrene is often polymicrobial, involving Gram-positive bacteria
(Staphylococcus aureus, Streptococcus spp.), Gram-negative bacteria
(Pseudomonas aeruginosa, Proteus spp.), and anaerobes (Clostridium
perfringens).

o Clinical Presentation: The affected area appears swollen, discoloured (ranging from
red to black), and emits a foul odour. Wet gangrene is associated with systemic signs

of infection and requires urgent medical intervention.
7. Fungal Superinfection

o Description: While not bacterial, fungal infections can complicate diabetic wounds,
particularly in immunocompromised patients or those on long-term antibiotics.

831 aspergillus spp., and other opportunistic

o Common Pathogens: Candida spp.
fungi.
o Clinical Presentation: Fungal superinfections may present with signs of chronic,

non-healing wounds, with areas of white, cheesy discharge, and macerated tissue.
8. Erysipelas

o Description: Erysipelas is a superficial form of cellulitis involving the upper dermis,
usually with a well-defined border.

o Common Pathogens: Streptococcus pyogenes (Group A Streptococcus).

o Clinical Presentation: Patients typically present with bright red, raised, well-
demarcated, and painful areas of skin. It may be accompanied by fever and

lymphangitis.
9. Soft Tissue Abscesses

o Description: Localized collections of pus in the soft tissue can occur in association
with diabetic foot ulcers.

o Common Pathogens: often polymicrobial, including Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and anaerobes.

o Clinical Presentation: A fluctuant mass with erythema, warmth, and tenderness is

often present, sometimes accompanied by systemic signs of infection.
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10. Pseudomonas infections

Description: Pseudomonas aeruginosa is particularly known for causing infections in
diabetic wounds due to its ability to thrive in moist environments.

Common Pathogens: Pseudomonas aeruginosa.

Clinical Presentation: infections are often characterized by greenish-blue exudate

with a fruity odour, and they may involve chronic wounds, leading to delayed healing.

11. Methicillin-Resistant Staphylococcus aureus (MRSA) infections

Description: MRSA is a type of staphylococcus bacteria that is resistant to many
antibiotics and is a common cause of serious infections in diabetic wounds.

Common Pathogens: Staphylococcus aureus (MRSA).

Clinical Presentation: MRSA infections often present similarly to other

staphylococcal infections but are more difficult to treat due to antibiotic resistance.

Management Considerations

o

Broad-Spectrum Antibiotics: Due to the polymicrobial nature of many diabetic
wound infections, initial empirical therapy often involves broad-spectrum antibiotics.
Surgical intervention: in cases of severe infections like necrotizing fasciitis or
osteomyelitis, surgical debridement or even amputation may be necessary.

Wound Care: Proper wound care, including debridement, dressing changes, and
management of blood glucose levels, is crucial for preventing and managing

infections in diabetic wounds.

Early detection and aggressive management are key to preventing complications and

promoting healing in diabetic wounds.

1.5.7 Long-term Complications associated with Diabetes

Diabetes, particularly when poorly controlled, can lead to a variety of long-term

complications. These complications arise primarily due to chronic hyperglycemia and its

detrimental effects on various organs and systems in the body. Long-term complications can

be broadly categorized into microvascular and macrovascular complications, along with other

significant health issues.
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1.5.7.1 Microvascular Complications

Microvascular complications result from damage to small blood vessels and include:
Diabetic Retinopathy

o Pathophysiology: Chronic hyperglycemia leads to damage of the retinal blood
vessels, causing them to leak fluid or bleed. This can result in macular edema and
neovascularization ", which can cause vision loss.

o Stages:

o Non-proliferative  Retinopathy: Early stage characterized by
microaneurysms, retinal haemorrhages, and exudates.

o Proliferative Retinopathy: Advanced stage marked by neovascularization
and the risk of retinal detachment 141,

o Prevention and Management: Regular eye exams, good glycemic control, and
treatments like laser therapy or intravitreal injections can help manage and prevent

progression.
1.5.7.2 Macrovascular Complications
Macrovascular complications involve damage to large blood vessels and include:

Cardiovascular Disease

o Pathophysiology: Diabetes accelerates the process of atherosclerosis, leading to the
narrowing and hardening of large arteries, increasing the risk of heart disease and
stroke.

o Manifestations:

o Coronary Artery Disease (CAD): increased risk of heart attacks and angina.

o Cerebrovascular Disease: increased risk of stroke and transient ischemic
attacks (Tlas).

o Peripheral Artery Disease (PAD): Reduced blood flow to the extremities,
leading to pain, ulcers, and risk of amputation.

o Prevention and Management: Lifestyle modifications (diet, exercise), smoking
cessation, glycemic and blood pressure control, lipid management (statins), and

medications like antiplatelet agents.
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1.5.7.3 Other Significant Complications

Diabetic Foot Complications

Pathophysiology: A combination of neuropathy, poor circulation (PAD), and
immune dysfunction increases the risk of foot ulcers, infections, and amputations.
Prevention and Management: Regular foot exams, proper foot hygiene, wearing

appropriate footwear, and prompt treatment of any injuries or infections.

Diabetic Dermopathy

Pathophysiology: High blood glucose levels can cause changes in the small blood
vessels and skin, leading to various skin conditions.
Types:

o Diabetic Dermopathy: Brown, scaly patches on the skin, often on the shins.

o Necrobiosis Lipoidica Diabeticorum (NLD): Red or brown raised areas that

can become shiny and scarred.

o Acanthosis Nigricans: Dark, thickened patches of skin, usually in body folds.

Prevention and Management: Good blood glucose control, proper skin care, and

treatment of skin infections.

Diabetic Gastroparesis

Pathophysiology: Autonomic neuropathy can affect the nerves that control stomach
muscles, leading to delayed gastric emptying.

Symptoms: Nausea, vomiting, bloating, and unpredictable blood glucose levels.
Prevention and Management: Dietary modifications (small, frequent meals),

medications to stimulate gastric motility, and good glycemic control.

Erectile Dysfunction

o

Pathophysiology: Diabetic neuropathy and poor blood flow can affect penile nerves
and blood vessels, leading to erectile dysfunction.

Prevention and Management: Good blood glucose control, lifestyle changes,
medications (PDE-5 inhibitors), and addressing other contributing factors

(hypertension, smoking).
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Psychological Impact: Depression and Anxiety

o Pathophysiology: The chronic nature of diabetes and the burden of its management
can contribute to psychological distress, leading to higher rates of depression and
anxiety among diabetic patients.

o Prevention and Management: Regular mental health screening, psychological

support, counselling, and appropriate treatment for mental health conditions.
1.6 Types of Diabetic Wounds and their risk factors

1. Diabetic Foot Ulcers
o Definition: Open sores or wounds that typically develop on the feet of
individuals with diabetes P,
o Causes: Primarily caused by diabetic neuropathy, which reduces sensation in
the feet, along with poor circulation that impairs healing.
o Locations: Commonly found on pressure points such as the plantar surface,
toes, and heels.
o Signs: May present as red, swollen, or discolored areas, often with drainage or
infection signs.
2. Diabetic Blisters
o Definition: Fluid-filled sacs that can develop spontaneously or due to minor
trauma on the skin.
o Characteristics: Usually painless when intact; if ruptured, they can lead to
open wounds.
3. Calluses
o Definition: Thickened areas of skin that develop in response to chronic
pressure or friction.
o Risk: Calluses can crack and become ulcerated, leading to deeper wounds.
4. Diabetic Foot infections
o Definition: Bacterial ¥ or fungal infections ' that can develop in diabetic
wounds or blisters.
o Symptoms: increased redness, swelling, pus [}, and systemic symptoms like
fever in severe cases.

5. Diabetic Ulcerations
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o Definition: Open sores that can develop in various body areas due to pressure,
neuropathy, and vascular issues.
o Management: Requires careful monitoring and management to promote

healing and prevent infection.

1.7 Overview of Health care

The synergy between traditional and modern healthcare practices can create a more holistic
and effective approach to health and well-being. Here are some ways in which these two

systems can complement each other:

1. Integrative Medicine: Combining the strengths of both traditional and modern
medicine can lead to integrative treatment plans that address the physical, emotional,
and spiritual aspects of health. This approach recognizes the value of both evidence-
based practices and holistic methodologies.

2. Chronic Disease Management: Traditional practices, such as Ayurveda and
Traditional Chinese Medicine (TCM), often focus on the root causes of chronic
conditions, while modern medicine excels in acute care and advanced diagnostics. By
integrating both approaches, patients can receive comprehensive care that addresses
their specific needs.

3. Preventive Care: Traditional healthcare systems emphasize prevention and lifestyle
management. By incorporating these principles into modern healthcare, practitiOners
can promote healthier lifestyles and reduce the incidence of preventable diseases.

4. Patient-Centered Care: Both traditional and modern healthcare can benefit from a
patient-centered approach that respects individual preferences and values. This can
enhance patient engagement, satisfaction, and adherence to treatment plans.

5. Research and Evidence-Based Practices: Traditional practices can be studied
through modern scientific methods to validate their efficacy and safety. This can lead
to the integration of effective traditional therapies into mainstream healthcare,
supported by empirical evidence.

6. Mental Health and Well-Being: Traditional practices often include mindfulness,
meditation, and other techniques that promote mental well-being. integrating these
practices into modern mental health care can enhance treatment outcomes for

conditions like anxiety and depression.
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7. Holistic assessments: Modern healthcare typically focuses on specific symptoms or
conditions, while traditional practices may assess the whole person. Combining these
assessment methods can provide a more comprehensive understanding of a patient’s
health.

8. Education and Training: Healthcare professionals can benefit from training in both
traditional and modern practices, allowing them to offer a broader range of treatments
and support to their patients.

9. Cultural Competence: incorporating traditional healthcare practices can improve
cultural competence and responsiveness in modern healthcare settings, making care
more accessible and acceptable to diverse populations.

10. Collaboration Between PractitiOners: Encouraging collaboration between
traditional and modern healthcare practitiOners can foster mutual respect and

understanding, leading to improved patient care and health outcomes.

By leveraging the strengths of both traditional and modern healthcare systems, patients can

experience a more comprehensive and effective approach to their health and well-being.
1.7.1 Allopathic drugs approach
Conventional treatment

Allopathic medicine ! focuses on the use of pharmacologically active agents to treat
diseases and their symptoms. in the context of diabetic wound healing, allopathic treatment
approaches aim to control blood glucose levels, manage infection, reduce inflammation, and
promote tissue repair. Some commonly used allopathic drugs for diabetic wound healing

include:

a. Antibiotics: To prevent or treat wound infections, antibiotics ®* such as penicillin,
cephalosporins, fluoroquinolOnes, and tetracyclines are commonly prescribed. The choice of
antibiotic depends on the type and severity of infection, as well as the patient's medical

history.

b. Antimicrobial dressings: These dressings, which contain antimicrobial agents “* such as
silver, iodine, or honey, can help reduce the bacterial load on the wound surface and promote

healing.
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c. Topical growth factors: Recombinant human platelet-derived growth factor (rhPDGF) and
other growth factors have been used to stimulate cell proliferation and tissue repair in diabetic

wounds.

d. Anti-inflammatory drugs: Nonsteroidal anti-inflammatory drugs (NSAIDs) and
corticosteroids may be prescribed to reduce inflammation and pain associated with diabetic

wounds.

e. Vasodilators: in some cases, vasodilators like prostaglandin analogs may be used to

improve blood flow to the wound site and enhance the healing process.

Limitations and side effects

Despite the availability of various allopathic drugs for diabetic wound healing, several

limitations and side effects are associated with their use:

a. inadequate healing: Conventional treatment approaches may not always result in

complete wound closure, leading to chronic non-healing ulcers.

b. Development of antibiotic resistance: The widespread use of antibiotics has
contributed to the emergence of antibiotic-resistant bacteria, making it increasingly

difficult to treat wound infections effectively.

c. Side effects of drugs: Many allopathic drugs used for diabetic wound healing can
cause side effects, such as gastrointestinal disturbances, renal toxicity, or allergic

reactions.

d. Cost and accessibility: Advanced wound care products, such as growth factors and
bioengineered skin substitutes, can be expensive and may not be readily available in

all healthcare settings, particularly in low-resource environments.

e. Drug interactions: The use of multiple drugs to manage diabetic wounds can
increase the risk of drug interactions and adverse effects, especially in patients with

other comorbidities.
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Given these limitations and side effects, there is a need to explore alternative and
complementary therapies, such as Ayurveda-based therapeutics, to improve diabetic wound

healing outcomes.

1.7.2 Nanotechnology approach
Nanoparticles and their application in wound healing

Nanotechnology [**) has emerged as a promising tool for enhancing the therapeutic potential
of various agents used in wound healing. Nanoparticles, which are particles with dimensions
in the nanometer range (1-100 nm), can be engineered from a variety of materials, such as
lipids, polymers, metals, and inorganic compounds. The unique physicochemical properties
of nanoparticles, including their small size, large surface area-to-volume ratio, and tunable

surface chemistry, make them ideal for applications in wound healing:

a. Antimicrobial activity: Nanoparticles made of metals like silver or copper exhibit
antimicrobial properties that can help prevent and treat wound infections 1!,

b. Anti-inflammatory effects: Certain nanoparticles, such as those made from gold or lipids,

can modulate the inflammatory response and promote wound healing %!,

c. Enhanced drug delivery: Nanoparticles can improve the delivery of therapeutic agents to
the wound site, increasing their bioavailability, stability, and controlled release ..

d. Tissue engineering: Nanoparticles can be used as scaffolds for tissue engineering,

supporting cell growth and tissue regeneration at the wound site [*.

Nanotechnology-based drug delivery systems

Nanotechnology offers a variety of drug delivery systems % that can be tailored for wound

healing applications, including:

a. Nanofibers: Electrospun nanofibers [49] can be used as wound dressings, providing a
porous structure that supports cell growth, controls moisture levels, and allows for the

incorporation of therapeutic agents.
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b. Hydrogels: Nanoparticle-loaded hydrogels ! can deliver drugs in a controlled and

sustained manner, maintaining their therapeutic concentration at the wound site over time.

c. Liposomes: Liposomes %] are lipid-based vesicles that can encapsulate both hydrophilic
and lipophilic drugs, improving their stability, bioavailability, and controlled release.

d. Polymeric nanoparticles: These nanoparticles, made from biodegradable polymers like
poly (lactic-co-glycolic acid) PLGA ¥ or chitosan ! can encapsulate therapeutic agents and

release them in a controlled manner at the wound site.
1.7.3 Ayurvedic approach

Ayurveda, the traditional system of medicine from India, plays a significant role in holistic
health and disease management through its comprehensive approach that emphasizes balance

in the body, mind, and spirit. Here are some key aspects of Ayurveda's role:

1. Holistic Approach: Ayurveda considers the individual as a whole, focusing on the
interconnectedness of physical health, mental well-being, and spiritual harmony.
Treatment plans are tailored to each person's unique constitution (Prakriti) [67] and
imbalances (Vikriti).

2. Prevention: Ayurvedic practices emphasize preventive care through lifestyle
modifications, dietary guidelines, and regular detoxification (Panchakarma). This
helps maintain health and prevent the onset of diseases.

3. Herbal Medicine: Ayurveda uses a variety of herbs and natural substances to
promote healing and restore balance. These remedies can address a wide range of
health issues, from digestive disorders to chronic diseases.

4. Diet and Nutrition: Ayurvedic principles stress the importance of diet in maintaining
health. Food is viewed not only as nourishment but also as medicine, and dietary
recommendations are based on an individual’s constitution and current health status.

5. Mind-Body Connection: Ayurveda recognizes the impact of mental and emotional
health on physical well-being. Practices like meditation, yoga, and breath control
(Pranayama) are integral to Ayurvedic health management, promoting mental clarity

and emotional stability.
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6. Lifestyle Practices: Ayurvedic guidelines include daily routines (Dinacharya) and
seasonal routines (Ritucharya) to optimize health. These practices help align
individuals with natural rhythms and enhance overall well-being.

7. Personalized Treatment: Ayurvedic practitiOners assess individuals through
detailed consultations, considering their unique characteristics and health issues. This
personalized approach can lead to more effective and sustainable outcomes.

8. Chronic Disease Management: Ayurveda has been found effective in managing
chronic conditions such as diabetes, arthritis, and cardiovascular diseases by focusing
on root causes and promoting overall balance.

9. Stress Management: Ayurveda offers various techniques to manage stress, including
meditation, yoga, and herbal supplements, which can be beneficial for both physical

and mental health.

Overall, Ayurveda's holistic approach, which combines lifestyle, diet, and natural remedies,
provides a comprehensive framework for promoting health and managing diseases, making it

a valuable complementary system in modern healthcare.
1.7.3.1 Ayurveda and wound healing

Ayurveda, an ancient system of medicine originating in India, offers a holistic approach to
healthcare and has been used for thousands of years to treat various ailments, including
wounds. Ayurveda's wound management strategies involve the use of herbal formulations,
minerals, and other natural resources to promote healing and prevent infections. These
formulations Y have demonstrated significant potential in treating diabetic wounds due to

their anti-inflammatory, antioxidant, antimicrobial, and wound healing properties.

Several Ayurvedic plants, such as Aloe vera % Curcuma longa ®, Azadirachta indica ",
and Centella asiatica ®®, have shown promise in improving wound healing in diabetic
patients. Moreover, recent advances in nanotechnology have provided opportunities to
enhance the efficacy 1% of these traditional therapies by improving their bioavailability,
targeting, and controlled release. As a result, there is growing interest in integrating
Ayurveda-based therapeutics with allopathic drugs and nanotechnology to develop novel
approaches to diabetic wound healing.
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1.7.3.2 Formulations for diabetic wound healing

Ayurveda offers a wealth of knowledge on the use of herbs and natural formulations for

wound healing.
Mechanisms of action

Ayurvedic formulations exhibit their wound healing effects through various mechanisms,

such as:

a. Antimicrobial activity: Many Ayurvedic plants possess antimicrobial properties

(1051 that help prevent and treat wound infections.

b. Anti-inflammatory effects: Ayurvedic formulations can modulate the
inflammatory response, reducing excessive inflammation %! that can impair wound

healing.

c. Antioxidant activity: By neutralizing free radicals and reducing oxidative stress
(291 Ayurvedic plants can protect cells and tissues from damage and promote the

healing process.

d. Collagen synthesis: Certain Ayurvedic plants stimulate collagen synthesis, which

is essential for the formation of granulation tissue and wound closure 2.

e. Angiogenesis: Some Ayurvedic formulations promote angiogenesis B, the
formation of new blood vessels, thus improving blood flow and nutrient delivery to

the wound site.
1.7.3.3 Clinical trials and evidence

Numerous preclinical and clinical ! studies have demonstrated the efficacy of Ayurvedic
formulations in promoting diabetic wound healing. However, many of these studies suffer
from limitations, such as small sample sizes, lack of control groups, and inconsistent
methodologies. More rigorous, well-designed clinical trials are needed to establish the safety
and efficacy of these formulations and to provide evidence-based ["” recommendations for

their use in diabetic wound management.
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1.8 Concept of phytochemicals

Phytochemicals ") are a diverse group of bioactive compounds found in plants that possess a
broad range of therapeutic properties. The study of phytochemicals has gained significant
attention in recent years due to their potential as a source of novel therapeutic agents. This
review article aims to provide a comprehensive overview of the different classes of
phytochemicals, their synergistic interactions, and their applications in medicinal biology.
Furthermore, we discuss the challenges and future directions in the field of phytochemical

research.

Phytochemicals, also known as secondary metabolites %!, are naturally occurring bioactive
compounds found in plants. They play essential roles in plant defense, growth, and
reproduction. These compounds exhibit a wide range of biological activities, including
antioxidant, anti-inflammatory, antimicrobial, anticancer, and immunomodulatory properties
(131 among others. Over the past few decades, the interest in phytochemicals has grown
exponentially, as they are considered a rich source of novel therapeutic agents that can be

used to treat various diseases and improve human health.

Traditional medicine systems, such as Ayurveda, Traditional Chinese Medicine ™, and
Unani ), have long recognized the therapeutic potential of plant-based remedies. However,
only recently has modern scientific research begun to unravel the mechanisms behind the
efficacy of these natural compounds. The identification, isolation, and characterization of
phytochemicals have paved the way for their incorporation into modern medicine and the

development of new drugs.
1.8.1 Classes of Phytochemicals
1.8.1.1 Alkaloids

Alkaloids are a diverse group of nitrogen-containing organic compounds with a wide range of
biological activities. They are derived primarily from plant sources, although some can also
be found in animal and microbial species. Alkaloids are known for their pharmacological
properties, including analgesic, anti-inflammatory, antimicrobial, and anticancer activities.

Examples of well-known alkaloids include morphine, quinine, atropine, and vincristine %,
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1.8.1.2 Flavonoids

Flavonoids are a large class of polyphenolic compounds widely distributed in plants. They
are responsible for the pigmentation of flowers, fruits, and leaves, and play vital roles in plant
defence against pathogens and UV radiation. Flavonoids exhibit various biological activities,
such as antioxidant, anti-inflammatory, and anticancer properties. Some common flavonoids

are quercetin, catechins, and anthocyanins %!,

1.8.1.3 Terpenoids

Terpenoids, also known as isoprenoids, are a diverse group of naturally occurring organic
compounds derived from the isoprene unit. They are widely distributed in plants, where they
play roles in defense and communication. Terpenoids possess various biological activities,
including antimicrobial, anti-inflammatory, and anticancer effects. Examples of terpenoids

include limOnene, menthol, and carotenoids %,

1.8.1.4 Phenolic acids

Phenolic acids are a class of aromatic organic compounds characterized by the presence of a
phenolic ring and a carboxylic acid group. They are found in various plant tissues,
particularly in fruits, vegetables, and seeds. Phenolic acids exhibit antioxidant, anti-
inflammatory, and anticancer properties. Some well-known phenolic acids include gallic

acid, ferulic acid, and caffeic acid 2.
1.8.1.5 Glycosides

Glycosides are a group of compounds in which a sugar molecule is bonded to a non-sugar
moiety, typically through an O-glycosidic or N-glycosidic bond. They are found in various
plant tissues and possess a wide range of biological activities, such as antimicrobial,
antioxidant, and anticancer effects. Examples of glycosides include cardiac glycosides like

digoxin and saponins like ginsenosides %,
1.8.1.6 Saponins

Saponins are a class of amphiphilic glycosides characterized by their ability to form stable

foam in aqueous solutions. They are widely distributed in plants and are known for their
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diverse pharmacological properties, including antimicrobial, anti-inflammatory, and
anticancer activities (2. Some common saponins are soyasaponins, ginsenosides, and

diosgenin.
1.8.2 Other Phytochemicals

Apart from the major classes mentiOned above, there are numerous other phytochemicals

with therapeutic potential. Some examples include:

1.8.2.1 Lignans
A group of phenolic compounds found in various plant tissues, especially in seeds and bran.
They exhibit antioxidant, anti-inflammatory, and anticancer activities. Examples include

secoisolariciresinol and pinoresinol.

1.8.2.2 Coumarins:
A group of aromatic organic compounds derived from phenylpropanoids. They possess
anticoagulant, antimicrobial, and anticancer properties. Examples include coumarin,

umbelliferOne, and esculetin.

1.8.2.3 Tannins:

A class of polyphenolic compounds found in various plant tissues, particularly in bark ©
seeds, and leaves. They exhibit antioxidant, antimicrobial, and anti-inflammatory activities.
Examples include gallotannins and ellagitannins. This is not an exhaustive list, as new
phytochemicals continue to be discovered and studied. The vast diversity of plant-derived
compounds presents a wealth of opportunities for identifying novel therapeutic agents and

understanding their mechanisms of action.

1.8.2.4 Quinones:

A group of aromatic compounds with a fully conjugated cyclic dione structure. They are
found in various plant species and exhibit a wide range of biological activities, including
antimicrobial, anti-inflammatory, and anticancer properties. Examples of quinOnes 1%

include anthraquinOnes, naphthoquinOnes, and benzoquinOnes.
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1.8.2.5 Polysaccharides:

Complex carbohydrates composed of long chains of monosaccharide units linked by
glycosidic bonds. They are found in various plant tissues and exhibit diverse biological
activities, including immunomodulatory, antiviral, and anticancer effects. Examples of plant-

derived polysaccharides include beta-glucans, pectins, and arabinogalactans.

1.8.2.6 Proteins and peptides:
Some plants produce bioactive proteins and peptides with various therapeutic properties,
including antimicrobial, antiviral, and anticancer activities. Examples include plant defensins,

ribosome-inactivating proteins, and cyclotides %!,

1.8.2.7 Essential oils:
Volatile, aromatic compounds derived from various plant tissues, particularly from flowers,
leaves, and bark. They are known for their antimicrobial, anti-inflammatory, and antioxidant

properties. Examples of essential oils & include eucalyptus oil, lavender oil, and tea tree oil.

The diverse range of phytochemicals and their corresponding biological activities underscore
the potential of plant-derived compounds as a rich source of novel therapeutic agents.
ongoing research in this field will continue to expand our understanding of the
pharmacological properties of these compounds and their potential applications in the

prevention and treatment of various diseases.
1.9 Concept of Synergism

Synergistic interactions among phytochemicals

Synergism ®® refers to the phenomenon where the combined action of two or more
compounds produces a greater effect than the sum of their individual effects. in the context of
phytochemicals, synergistic interactions can occur between different phytochemicals or
between phytochemicals and conventional drugs. These interactions can enhance the
therapeutic potential of the compounds involved, leading to improved efficacy and reduced
side effects. Synergism among phytochemicals is thought to be one of the reasons for the
efficacy of traditional herbal remedies, which often contain complex mixtures of bioactive

compounds .
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Effects on Bioavailability

One aspect of synergism among phytochemicals is the modulation of bioavailability 2%,

Some phytochemicals can enhance the absorption, distribution, metabolism, and excretion of
other compounds, thereby increasing their bioavailability and therapeutic potential. for
example, piperine, an alkaloid found in black pepper, is known to enhance the bioavailability
of various drugs and phytochemicals, such as curcumin, by inhibiting drug-metabolizing

enzymes and increasing the permeability of the intestinal wall.

Enhancing Therapeutic Efficacy

Synergistic interactions among phytochemicals can lead to enhanced therapeutic efficacy *

by targeting multiple pathways and mechanisms involved in disease development and
progression. By acting on different targets simultaneously, the combination of
phytochemicals can produce more robust and sustained therapeutic effects than individual
compounds. for example, in cancer therapy, a combination of phytochemicals with different
mechanisms of action, such as apoptosis induction, cell cycle arrest, and angiogenesis

inhibition, can produce a more potent anticancer effect than each compound alone.
Reducing Side Effects

Another advantage of synergistic interactions among phytochemicals is the potential to
reduce side effects *? and toxicity associated with conventional drugs. By enhancing the
therapeutic efficacy of drugs or by targeting complementary pathways, the combined use of
phytochemicals and conventional drugs can allow for lower doses of the drugs, thereby
reducing the risk of side effects and improving patient compliance. Additionally, some
phytochemicals can protect normal cells from the toxic effects of drugs by selectively

modulating signalling pathways and cellular processes in cancer cells.

Overall, the study of synergism among phytochemicals is crucial for understanding the full
therapeutic potential of plant-derived compounds and for the development of more effective
and safer therapies for various diseases. Further research is needed to identify synergistic
combinations of phytochemicals and to elucidate the underlying mechanisms of their

interactions.

Atmiya University, Rajkot, Gujarat, india Page 44 of 270



A Study on Polyherbal Formulation for Diabetic Wound Healing

1.10 Challenges in Phytochemical Research
Standardization and Quality Control

One major challenge in phytochemical research is the standardization and quality control of
plant-derived compounds. The composition and concentration of bioactive compounds in
plants can vary significantly due to factors such as genetic variation, environmental
conditions, and harvesting and processing methods. This variability can affect the
reproducibility and reliability of experimental results and clinical outcomes. Developing

standardized methods [Y

for the extraction, purification, and quantification of
phytochemicals is essential for ensuring the quality and consistency of plant-derived

therapeutics.
Bioavailability and Metabolism

Another challenge in phytochemical research is addressing the often-limited bioavailability of
plant-derived compounds. Many phytochemicals exhibit poor solubility, stability, and
absorption in the gastrointestinal tract, leading to low systemic bioavailability. Additionally,
phytochemicals can be extensively metabolized *¥ in the liver and intestines, potentially
altering their pharmacological activity and therapeutic potential. Strategies to improve the
bioavailability of phytochemicals, such as the use of nanoparticles &7, liposomes B, and
prodrugs, are being explored to overcome these limitations.

Toxicity and Safety Concerns

While many phytochemicals have shown promising therapeutic effects, concerns regarding
their toxicity and safety remain ). Some phytochemicals can exhibit dose-dependent
toxicity, while others can interact with conventional drugs, leading to adverse effects or
reduced efficacy. Determining the safety profiles and establishing appropriate dosing
regimens for phytochemicals are essential for their successful clinical application. Rigorous
preclinical and clinical studies are needed to evaluate the safety and efficacy of
phytochemicals and their formulations.
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Regulatory Challenges

The regulatory framework for phytochemicals and plant-derived therapeutics varies between
countries and can be complex and challenging ™ to navigate. in many jurisdictions, plant-
derived compounds can be classified as dietary supplements, traditional medicines, or drugs,
depending on their intended use, dosage form, and claims. This classification can impact the
level of evidence required for market authorization and the ability to make specific health
claims. Aligning regulatory requirements and establishing harmonized guidelines for the
evaluation and approval of phytochemicals and plant-derived therapeutics are essential for

their successful integration into modern medicine.

Additionally, further research should focus on elucidating the molecular mechanisms
underlying the wound healing properties of Ayurvedic formulations, as well as optimizing
their delivery and bioavailability through the incorporation of advanced drug delivery

systems, such as nanotechnology-based carriers 2.
1.11 Nanotechnology-enhanced Ayurvedic formulations

The incorporation of nanotechnology into Ayurvedic formulations ' can enhance their

therapeutic potential for diabetic wound healing:

a. Improved bioavailability: Nanoparticles can increase the solubility and absorption of

poorly soluble Ayurvedic compounds, improving their bioavailability.

b. Targeted delivery: Surface modification of nanoparticles can enable targeted delivery of

Ayurvedic agents to specific cells or tissues involved in the wound healing process.

c. Controlled release: Encapsulation of Ayurvedic agents within nanoparticles can allow for
their controlled and sustained release at the wound site, maintaining therapeutic

concentrations over time.

d. Enhanced efficacy: The combination of Ayurvedic formulations with nanotechnology can
result in synergistic effects, enhancing their antimicrobial, anti-inflammatory, and wound

healing properties.
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Recent studies have demonstrated the potential of nanotechnology-enhanced Ayurvedic
formulations, such as curcumin-loaded nanoparticles and Aloe vera nanofibers, in promoting
diabetic wound healing. However, further research is needed to optimize these formulations,

establish their safety and efficacy, and translate them into clinical practice.

1.12 integrating allopathic drugs, nanotechnology, and Ayurvedic formulations

Synergistic effects and enhanced efficacy

The integration of allopathic drugs, nanotechnology, and Ayurvedic formulations can lead to

synergistic effects and enhanced efficacy in diabetic wound healing:

a. Combining different therapeutic approaches: The combination of multiple therapeutic
agents with complementary mechanisms of action can result in improved wound healing

outcomes.

b. Targeted and controlled drug delivery: Nanotechnology-based drug delivery systems can
facilitate the targeted and controlled release of both allopathic and Ayurvedic agents,

maintaining their therapeutic concentrations at the wound site over time.

c. Reduction in side effects: By improving the bioavailability and targeted delivery of
therapeutic agents, nanotechnology can help reduce the side effects associated with their

systemic administration.

d. Overcoming antibiotic resistance: The use of Ayurvedic formulations with antimicrobial
properties can complement conventional antibiotics, potentially overcoming resistance issues

and improving infection control.

Polyherbal formulations, which involve the combination of multiple herbs, are used in
traditional medicine systems such as Ayurveda, Traditional Chinese Medicine (TCM), and
other herbal medicine practices. The synergistic effects of these formulations are believed to

enhance therapeutic efficacy, reduce toxicity, and address multiple aspects of a disease.
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1.13 Polyherbal formulations and their advantages

Polyherbal formulations 8 involve the combination of two or more medicinal plants to
achieve synergistic therapeutic effects. These formulations offer several advantages over
single-plant extracts, such as enhanced efficacy, reduced toxicity, and minimized side effects.
Polyherbal formulations can also provide a broader spectrum of bioactive compounds,
resulting in a more comprehensive pharmacological profile. Furthermore, they can potentially
address multiple therapeutic targets, making them effective in treating complex and chronic

conditions.
1.13.1 Previous studies on polyherbal formulations from the Saurashtra Region

Several studies have investigated the potential of polyherbal formulations developed using
indigenous medicinal plants from the Saurashtra Region. These studies have explored the
phytochemical composition, antioxidant, anti-inflammatory, antimicrobial, and antidiabetic
properties of various polyherbal formulations. The findings of these studies have contributed
to the understanding of the therapeutic potential of the indigenous medicinal plants and the
development of novel treatments for a range of ailments. However, further research is needed
to establish the efficacy and safety of these polyherbal formulations in preclinical and clinical

settings.

1.13.2 Key Concepts in Polyherbal formulations

1. Synergism: The combined effect of multiple herbs is greater than the sum of their
individual effects. This can occur through various mechanisms:
o Pharmacokinetic Synergism: One herb can enhance the absorption,
distribution, metabolism, or excretion of another.
o Pharmacodynamic Synergism: Herbs can target different pathways or
receptors, leading to a more comprehensive therapeutic effect.
o Safety and Toxicity: Combining herbs can sometimes reduce the toxicity of
individual compOnents, leading to a safer formulation.
2. Holistic Approach: Polyherbal formulations aim to treat the whole body ®% rather
than just symptoms. This is consistent with traditional medicine philosophies that

view health as a balance of physical, emotional, and spiritual well-being.
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3. Multi-Target Therapy: Diseases, especially chronic conditions like diabetes, often

involve multiple pathological pathways 7.

Polyherbal formulations can
simultaneously target several pathways, potentially leading to more effective

management of the disease.

1.13.3 Advantages and limitations

Advantages:

a. Enhanced wound healing outcomes: The integration of allopathic drugs,
nanotechnology, and Ayurvedic formulations can lead to better wound healing

outcomes by addressing multiple aspects of the healing process.

b. Personalized medicine: The combination of different therapeutic approaches can
be tailored to the individual needs of patients, improving treatment effectiveness and

patient satisfaction.

c. Reduced reliance on antibiotics: The use of Ayurvedic formulations with
antimicrobial properties can help reduce the reliance on antibiotics, mitigating the

development of antibiotic resistance.

Limitations:

a. Limited clinical evidence: The integration of allopathic drugs, nanotechnology,
and Ayurvedic formulations is a relatively new approach, and there is limited clinical

evidence to support its safety and efficacy.

b. Potential drug interactions: Combining multiple therapeutic agents can increase
the risk of drug interactions and adverse effects, particularly in patients with other

comorbidities.

1.13.4 Challenges in integration and standardization

a. Regulatory approval: The integration of allopathic drugs, nanotechnology, and Ayurvedic
formulations may face regulatory challenges, as different countries have varying regulations

governing the use of traditional medicine and nanotechnology.
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b. Quality control: Ensuring the quality, safety, and consistency of integrated formulations is
essential, but can be challenging due to the complexity of the formulations and the lack of

standardized manufacturing processes.

c. Research gaps: More research is needed to understand the pharmacokinetics,
pharmacodynamics, and potential interactions of integrated formulations, as well as to

optimize their delivery and bioavailability.

d. Intellectual property: The integration of allopathic drugs, nanotechnology, and Ayurvedic
formulations may raise intellectual property concerns, as traditional knowledge and modern

innovations must be balanced to ensure fair and equitable sharing of benefits.

in conclusion, the integration of allopathic drugs, nanotechnology, and Ayurvedic
formulations offers promising potential for improving diabetic wound healing outcomes.
However, significant challenges remain in terms of research, standardization, and regulatory
approval. Further studies and collaboration between researchers, clinicians, and regulatory
authorities are necessary to address these challenges and translate these innovative therapies

into clinical practice.
1.14 Plants of interest

Medicinal plants have been used for centuries in traditional medicine systems worldwide for
the treatment and prevention of various diseases. The Saurashtra Region, known for its rich
biodiversity, harbors numerous indigenous medicinal plants with significant therapeutic
potential. Among these, Securinega leucopyrus (wild) Muell, Vitex negundo, Acacia catechu,
and Azadirachta indica have been traditionally employed for their diverse medicinal
properties, ranging from anti-inflammatory, analgesic, and antimicrobial to antioxidant and
immunomodulatory effects. The development of polyherbal formulations B2 utilizing these
indigenous medicinal plants offers a promising approach for enhancing the therapeutic
efficacy ° and reducing the side effects associated with conventional drugs. This study aims
to contribute to the understanding of the phytochemical composition of these plants and the
developed polyherbal formulation, highlighting their potential applications in the field of

medicine.
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1.14.1 Phytochemical constituents and biological activities of selected plants
1.14.1.1 Securinega leucopyrus (wild) Muell

Securinega leucopyrus ™, also known as Flueggea leucopyrus, is a deciduous shrub used in
traditional medicine for treating various ailments. its phytochemical constituents include
alkaloids, flavonoids, tannins, and terpenoids. The plant has exhibited numerous
pharmacological properties, such as anti-inflammatory, analgesic, antipyretic, and wound

healing activities, making it a valuable resource for drug development.
1.14.1.2 Vitex negundo

Vitex negundo %, commonly known as the Five-leaved Chaste tree, is a medicinal plant used
traditionally for its anti-inflammatory, analgesic, and antimicrobial properties. The primary
phytochemical constituents of Vitex negundo include flavonoids, terpenoids, iridoids, and
essential oils. The plant has been reported to possess various biological activities, such as

antioxidant, anticonvulsant, and hepatoprotective effects.

Vitex negundo is a rich source of various phytochemicals that contribute to its diverse
pharmacological properties. The major chemical constituents of Vitex negundo include
flavonoids, terpenoids, iridoids, alkaloids, and phenolic acids. The specific composition of
these compounds can vary depending on the plant part used (leaves, stem, roots, or seeds) and
the extraction method employed. Some of the most frequently identified and biologically

active compounds ¢ [B711881 e

o Flavonoids: casticin, vitexin, orientin, isovitexin, and apigenin
o Terpenoids: agnuside, aucubin, and negundoside

o Iridoids: 7-O-methylharpagide and 8-acetyl-harpagide

o Alkaloids: vitedoin, viteagnusin, and vitricine

o Phenolic acids: p-hydroxybenzoic acid, ferulic acid, and vanillic acid

The bioactive compounds present in Vitex negundo have been found to exhibit various
pharmacological activities, contributing to the plant's therapeutic potential. Some of the key

roles of these compounds are:
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o Flavonoids: These compounds have potent antioxidant and anti-inflammatory
properties, due to their ability to scavenge free radicals and modulate the expression
of pro-inflammatory cytokines. Additionally, flavonoids like casticin and vitexin have
been reported to exhibit antinociceptive, antimicrobial, and anticancer activities.

o Terpenoids: Terpenoids such as agnuside and negundoside are known to possess
anti-inflammatory and analgesic properties, which can be attributed to their capacity
to inhibit the production of inflammatory mediators like prostaglandins and
leukotrienes.

o Iridoids: Iridoid glycosides found in Vitex negundo, such as 7-O-methylharpagide
and 8-acetyl-harpagide, have been reported to exhibit anti-inflammatory, antioxidant,
and neuroprotective effects.

o Alkaloids: Alkaloids like vitedoin and viteagnusin have demonstrated antimicrobial,
antioxidant, and antispasmodic activities, contributing to the plant's overall
pharmacological profile.

o Phenolic acids: Phenolic acids, such as ferulic acid and vanillic acid, are known for
their antioxidant’®® and anti-inflammatory properties, as well as their potential to

protect against various chronic diseases, including cardiovascular diseases and cancer.

These bioactive compounds act synergistically to provide Vitex negundo with its remarkable
range of pharmacological properties, making it a promising candidate for further research and
potential therapeutic applications.

1.14.1.3 Acacia catechu

Acacia catechu ' also known as the Cutch tree or Khair, deciduous tree widely used in
traditional medicine for its diverse therapeutic properties. The major phytochemical
compOnents of Acacia catechu include tannins, flavonoids, alkaloids, and phenolic
compounds. The plant has demonstrated several pharmacological activities, such as
antioxidant | anti-inflammatory, antimicrobial ', and antidiabetic effects. Additionally,
Acacia catechu has been used in the treatment of skin disorders, gastrointestinal issues, and

respiratory ailments.
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1.14.1.4 Azadirachta indica

Azadirachta indica "), commonly known as Neem, is a well-known medicinal plant widely
used in traditional medicine systems for its extensive therapeutic properties. its
phytochemical constituents include terpenoids, flavonoids, alkaloids, and various other
secondary metabolites. Neem exhibits a broad spectrum of biological activities, including
antimicrobial ®7, antiviral ", anti-inflammatory ®”, immunomodulatory 2%, and anticancer

51 properties.

1.14.1.5 Sesamum indica

Sesamum indica %! commonly known as sesame, is an annual flowering plant belonging to
the Pedaliaceae family. It is one of the oldest cultivated plants, primarily grown for its seeds
and the oil extracted from them. Sesame seeds and oil have been widely used in culinary
practices worldwide, and the plant is known for its resilience, thriving in a variety of climatic

conditions.

The therapeutic potential of Sesamum indica oil can be attributed to the presence of various
phytoactive compounds. These bioactive components include fatty acids, lignans,
tocopherols, and tocotrienols, which possess a range of biological activities, such as
antioxidant, anti-inflammatory, and antimicrobial properties. Understanding the composition
and properties of these phytoactives is crucial for determining the oil's potential applications

and optimizing its use in both traditional and modern medicine.
Fatty acids:

Sesamum indica oil is predominantly composed of fatty acids, which contribute to its
various health benefits. The major fatty acids found in the oil are:

1. Oleic acid: Oleic acid is a monounsaturated omega-9 fatty acid, accounting for
approximately 35-50% of the total fatty acids in sesame oil. It has been associated
with improved cardiovascular health, as it may help reduce low-density lipoprotein
(LDL) cholesterol levels and increase high-density lipoprotein (HDL) cholesterol

levels.
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2. Linoleic acid: Linoleic acid is a polyunsaturated omega-6 fatty acid, comprising
around 35-50% of sesame oil's total fatty acids. This essential fatty acid plays a
crucial role in maintaining skin health and the integrity of cell membranes. It also
contributes to the oil's anti-inflammatory properties.

3. Palmitic acid: Palmitic acid, a saturated fatty acid, accounts for approximately 7-12%
of sesame oil's fatty acid content. While it is less abundant than oleic and linoleic
acids, it contributes to the overall stability and shelf life of the oil.

4. Stearic acid: Stearic acid is another saturated fatty acid found in sesame oil, making
up around 4-6% of its total fatty acid content. Like palmitic acid, stearic acid

contributes to the oil's stability and shelf life.

Lignans

Sesame oil contains unique lignan compounds with various biological activities:

1. Sesamin: Sesamin is one of the major lignans in sesame oil and has been shown to
possess antioxidant, anti-inflammatory, and neuroprotective properties. Research also
suggests that sesamin may have potential cholesterol-lowering effects and support
liver health.

2. Sesamolin: Sesamolin is another important lignan found in sesame oil. It exhibits
antioxidant and anti-inflammatory activities and may contribute to the oil's overall

therapeutic potential.

Tocopherols and Tocotrienols

Sesame oil is a rich source of tocopherols and tocotrienols, which are members of the vitamin
E family. These compounds display potent antioxidant activity, protecting the oil from
oxidation and contributing to its stability. Additionally, they offer potential health benefits,
including supporting cardiovascular and skin health.

Other minor compounds

Sesamum indica oil contains several other minor compounds, such as phytosterols, squalene,

and phenolic compounds, which may contribute to its therapeutic properties. These
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compounds are present in smaller quantities compared to the major constituents but may have

synergistic effects when combined with other components of the oil.
1.15 Concept of Tailum

In Ayurveda, Taila ! or medicated oil, is a crucial compOnent of Ayurvedic medicine,
which involves the combination of a base oil (carrier oil) and various herbs to create a potent
therapeutic formulation. The carrier oil is chosen based on its ability to absorb the bioactive
constituents of the herbs, ensuring effective delivery of these compounds to the target tissues.
Sesamum indica oil is one of the most commonly used carrier oils in Ayurvedic taila

preparations due to its unique properties and therapeutic benefits.
1.15.1 Sesamum indica as carrier oil properties:

Sesamum indica oil's effectiveness as a carrier oil in Ayurvedic taila formulations can be

attributed to the following properties:

1. Viscosity: The viscosity of Sesamum indica oil allows for optimal absorption and
penetration of bioactive compounds from the herbs into the skin or target tissues. its
balanced viscosity ensures that the oil is neither too thick nor too thin, enabling
efficient delivery of the therapeutic compounds.

2. Stability: Sesame oil's high stability, attributed to its fatty acid composition, lignan
content, and presence of tocopherols and tocotrienols, contributes to a longer shelf life
for Ayurvedic taila formulations. This stability ensures that the therapeutic properties
of the herbs are preserved over time.

3. Absorption: The unique composition of Sesamum indica oil facilitates efficient
absorption of bioactive compounds from the herbs. The presence of oleic and linoleic
acids in the oil enhances the solubility of lipophilic constituents, aiding in the delivery
of these compounds to the target tissues.

1.15.2 Synergistic effects with other herbs

Sesamum indica oil not only serves as carrier oil but may also exhibit synergistic effects

when combined with other herbs in Ayurvedic taila formulations. This synergy can enhance
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the overall therapeutic efficacy of the formulation, providing additional benefits beyond those
offered by the individual compOnents.

o Anti-inflammatory properties

Sesamum indica oil exhibits anti-inflammatory properties, which can help alleviate pain and
inflammation associated with wounds. The presence of linoleic acid, sesamin, and sesamolin
contribute to these properties by modulating inflammatory pathways and reducing the
production of pro-inflammatory mediators. This can promote a more favorable environment

for wound healing and reduce discomfort.
o Analgesic effects

The analgesic effects of Sesamum indica oil can help relieve pain associated with wounds and
skin injuries. These effects may be attributed to the oil's fatty acid composition and lignan
content, which can interact with pain receptors and inhibit pain signaling pathways, providing

relief to the affected area.
o Promotion of wound healing
Sesamum indica oil can promote wound healing through various mechanisms:

o Collagen synthesis:

o The oil's fatty acid composition, particularly the presence of linoleic acid,
plays a critical role in collagen synthesis. Collagen is essential for the
formation of new skin tissue and strengthening the extracellular matrix in the
wound site. By enhancing collagen synthesis, Sesamum indica oil can
accelerate the wound healing process ["%),

o Angiogenesis

o The compOnents in sesame oil, such as sesamin and sesamolin, may promote
angiogenesis, or the formation of new blood vessels. This is a crucial aspect of
wound healing, as it ensures the delivery of essential nutrients and oxygen to
the wound site, promoting tissue regeneration and repair ™!,

o Antimicrobial activity
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o Sesamum indica oil exhibits antimicrobial activity, which can help protect
wounds from infection. The oil's lignans and other phenolic compounds have
been shown to inhibit the growth of various pathogenic microorganisms,
including bacteria and fungi "®. This antimicrobial action can prevent

infections and complications, allowing for more efficient wound healing.
1.15.3 Clinical studies on wound healing

While there are limited clinical studies on the wound healing properties of Sesamum indica
oil, existing research and traditional use suggest its potential in promoting wound healing.
Further clinical trials % and controlled studies are needed to establish the oil's effectiveness
in this regard and determine optimal formulations and methods of application for different

types of wounds.

1.15.4 Sesamum indica Qil: anti-oxidant properties

The antioxidant properties of Sesamum indica oil can be attributed to various mechanisms,

including:

1. Free radical scavenging
The oil's bioactive compounds, such as lignans and tocopherols, can neutralize free
radicals by donating electrons or hydrogen atoms, thus preventing oxidative damage

to cellular components, including proteins, lipids, and DNA.

2. Metal chelation
Sesamum indica oil's phenolic compounds can chelate transition metal ions, such as
iron and copper, which can generate reactive oxygen species and exacerbate oxidative
stress. By chelating these metal ions, the oil can reduce their potential to cause

oxidative damage.

3. inhibition of lipid peroxidation
The oil's fatty acid composition, particularly the presence of oleic and linoleic acids,
along with its lignans and tocopherols, can inhibit lipid peroxidation, a process that

contributes to cellular damage and the development of various diseases.

4. Role of lignans and tocopherols:
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Lignans, such as sesamin and sesamolin, and tocopherols found in Sesamum indica
oil are potent antioxidants that contribute to the oil's overall antioxidant capacity.
These compounds can scavenge free radicals, chelate metal ions, and inhibit lipid
peroxidation, protecting cellular compOnents from oxidative damage and helping

maintain cellular integrity.

5. Health benefits:
The antioxidant properties of Sesamum indica oil can offer several health benefits,

including

1. Cardiovascular health: By inhibiting lipid peroxidation and reducing oxidative stress,
sesame oil can help maintain healthy cholesterol levels, prevent the oxidation of LDL
cholesterol, and reduce the risk of atherosclerosis and other cardiovascular diseases.

2. Skin health: The antioxidant properties of sesame oil can protect the skin from
oxidative stress caused by environmental factors, such as UV radiation and pollution.
This can help maintain skin elasticity, reduce the appearance of wrinkles and age
spots, and promote overall skin health.

3. Neuroprotection: Sesame oil's antioxidant compounds, such as sesamin, may provide
neuroprotective effects by reducing oxidative stress in the brain, which has been
implicated in the development of neurodegenerative diseases, such as Alzheimer's and
Parkinson's disease.

1.15.5 Comparison with other antioxidant-rich oils

While Sesamum indica oil possesses notable antioxidant properties, other oils, such as olive
oil, grapeseed oil, and sunflower oil, also exhibit strong antioxidant capacities. The specific
antioxidant profile of each oil depends on its unique composition of fatty acids, phenolic
compounds, and other bioactive constituents. The choice of oil for a particular application
may depend on factors such as stability, viscosity, and the desired health benefits or

therapeutic effects.
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1.16 Objectives of the study undertaken:

1. To prepare the formulation of Securinega leucopyrus (Katupila), Azadiracta indica
(Limbdo), Senegalia catechu (Khadir) and Vitex negundo (Nirgundi)

- This step focuses on the development of a standardized polyherbal formulation by
combining extracts from these plants. The goal is to leverage the medicinal properties of

each herb to create a synergistic effect.

2. To perform phytochemical analysis of polyherbal formulation
- ldentify and quantify the bioactive compounds in the polyherbal formulation to establish

its chemical profile.

3. invitro efficacy studies of the polyherbal formulation

- Assess the biological activity of the polyherbal formulation in controlled laboratory

conditions.

4. Invivo efficacy studies of the polyherbal formulation
- Evaluate the therapeutic effects and safety of the polyherbal formulation in diabetic
patients

5. To prepare and characterize the ointment/ cream from polyherbal formulation

- Develop a topical product incorporating the polyherbal formulation and assess its
physical, chemical, and biological properties.
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