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Wound healing is a complex and dynamic biological process involving hemostasis, 

inflammation, proliferation, and remodeling phases that work together to restore tissue 

integrity following injury. Delayed wound healing and chronic wounds remain 

significant healthcare concerns due to factors such as microbial infection, oxidative 

stress, diabetes, and impaired vascularization. In recent years, medicinal plants have 

gained considerable attention as alternative therapeutic agents because of their safety, 

affordability, and diverse pharmacological activities. Among these, Lagenaria siceraria 

(Molina) Standley and Raphanus sativus L. have emerged as promising candidates for 

wound management owing to their rich phytochemical composition and therapeutic 

potential. The present review highlights the phytochemical profile, antioxidant, 

antimicrobial, anti-inflammatory, and wound-healing activities of Lagenaria siceraria 

and Raphanus sativus, with a particular focus on their incorporation into topical herbal 

gel formulations. Literature reports indicate that both plants contain bioactive 

constituents such as flavonoids, phenolic compounds, tannins, alkaloids, glycosides, 

terpenoids, glucosinolates, and sulfur-containing compounds. These phytochemicals 

play an important role in scavenging free radicals, inhibiting microbial growth, reducing 

inflammation, promoting fibroblast proliferation, enhancing collagen synthesis, and 

stimulating angiogenesis, all of which are essential for effective wound repair. Published 

studies have demonstrated significant antioxidant activity and broad-spectrum 

antimicrobial effects of both plants against wound-associated pathogens including 

Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa. Furthermore, 

evidence suggests that combining Lagenaria siceraria and Raphanus sativus in a 

polyherbal formulation may result in synergistic therapeutic effects, leading to improved 

wound contraction and faster tissue regeneration. The incorporation of these extracts 

into Carbopol-based topical gels offers additional pharmaceutical advantages such as  
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ease of application, enhanced skin retention, controlled 

release of active constituents, and improved patient 

compliance. Overall, the available scientific evidence 

supports the potential of Lagenaria siceraria and Raphanus 

sativus as effective natural agents for wound healing. 

However, further studies involving standardization, safety 

evaluation, mechanistic investigations, and clinical trials are 

required to establish their therapeutic efficacy and facilitate 

their translation into modern wound care products. 

INTRODUCTION 

The skin is the largest organ of the human body 

and serves as the primary barrier protecting 

internal tissues from physical, chemical, 

microbial, and environmental insults. Any 

disruption in the integrity of the skin initiates a 

complex biological repair process known as 

wound healing. The restoration of damaged tissue 

requires precise coordination among inflammatory 

cells, fibroblasts, endothelial cells, keratinocytes, 

extracellular matrix proteins, cytokines, and 

growth factors. Although acute wounds generally 

heal within a predictable timeframe, chronic 

wounds remain a major healthcare burden 

affecting millions of patients worldwide. Chronic 

wounds are frequently associated with diabetes 

mellitus, vascular insufficiency, infection, aging, 

malnutrition, and immunological disorders. These 

conditions often lead to prolonged hospitalization, 

increased healthcare expenditure, and reduced 

quality of life. 

Conventional wound management strategies 

include antiseptics, antibiotics, corticosteroids, 

growth factors, wound dressings, and surgical 

interventions. While these approaches have 

improved clinical outcomes, several limitations 

persist, including antimicrobial resistance, adverse 

effects, delayed tissue regeneration, and high 

treatment costs. Consequently, there has been 

growing interest in the utilization of medicinal 

plants and herbal formulations as alternative 

therapeutic approaches for wound care. Herbal 

medicines have been used for centuries in 

traditional systems of medicine and continue to 

serve as an important source of bioactive 

compounds for pharmaceutical development. 

Medicinal plants possess a wide variety of 

phytochemicals capable of influencing multiple 

stages of the wound-healing cascade. Flavonoids, 

phenolic compounds, tannins, terpenoids, 

alkaloids, and glycosides have demonstrated 

antioxidant, anti-inflammatory, antimicrobial, 

angiogenic, and collagen-promoting activities. 

These pharmacological properties make herbal 

preparations particularly suitable for wound 

management, where multiple pathological 

processes occur simultaneously. 

Among the medicinal plants investigated for 

wound-healing applications, Lagenaria siceraria 

and Raphanus sativus have emerged as promising 

candidates. Lagenaria siceraria, commonly 

known as bottle gourd, belongs to the family 

Cucurbitaceae and has been extensively utilized in 

traditional medicine for the treatment of 

inflammation, pain, ulcers, fever, liver disorders, 

and cardiovascular diseases. Modern 

phytochemical investigations have identified 

numerous bioactive compounds including 

flavonoids, triterpenoids, sterols, saponins, and 

phenolic acids, many of which possess potent 

antioxidant and anti-inflammatory activities. 

Similarly, Raphanus sativus (radish), a member of 

the Brassicaceae family, is widely recognized for 

its nutritional and medicinal value. Various parts 

of the plant, including roots, seeds, and leaves, 

contain glucosinolates, isothiocyanates, 

flavonoids, anthocyanins, phenolic acids, 

vitamins, and sulfur-containing compounds. These 

phytochemicals contribute to antimicrobial, 

antioxidant, anti-inflammatory, hepatoprotective, 

and anticancer activities reported in numerous 

studies. 
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Recent scientific investigations have focused on 

combining medicinal plant extracts to develop 

polyherbal formulations capable of producing 

synergistic therapeutic effects. Polyherbal 

approaches are based on the principle that multiple 

phytoconstituents acting through different 

biological pathways may provide superior efficacy 

compared to individual plant extracts. Such 

combinations may enhance antioxidant defenses, 

suppress microbial proliferation, regulate 

inflammatory responses, stimulate collagen 

deposition, and accelerate tissue remodeling. 

Topical drug delivery systems have become 

increasingly important in herbal wound 

management. Among these, gels represent one of 

the most preferred dosage forms due to their non-

greasy nature, ease of application, improved drug 

release characteristics, and patient acceptability. 

Carbopol-based gels are particularly advantageous 

because they provide excellent viscosity, stability, 

spreadability, and bioadhesive properties. The 

incorporation of herbal extracts into gel 

formulations allows localized delivery of active 

constituents directly to the wound site while 

minimizing systemic exposure. 

The present review aims to critically evaluate and 

synthesize the available scientific evidence 

regarding the phytochemistry, pharmacological 

activities, and wound-healing potential of 

Lagenaria siceraria and Raphanus sativus. 

Special emphasis is placed on antioxidant and 

antimicrobial activities, topical gel drug delivery 

systems, comparative wound-healing studies, and 

future research directions relevant to 

pharmaceutical development. 

1. Overview of Wound Healing 

Wound healing is a dynamic and highly regulated 

biological process designed to restore tissue 

integrity following injury. The process involves a 

complex interaction among cells, growth factors, 

cytokines, extracellular matrix components, and 

signaling pathways. Successful wound healing 

requires the coordinated progression through four 

overlapping phases: hemostasis, inflammation, 

proliferation, and remodeling. Disruption of any 

phase may result in delayed healing, excessive scar 

formation, or chronic wound development. 

Modern research indicates that wound healing is 

not merely a local tissue response but rather a 

systemic physiological phenomenon involving 

immune regulation, vascular responses, cellular 

communication, and extracellular matrix 

remodeling. Numerous factors including age, 

nutrition, infection, oxygen availability, diabetes, 

smoking, and medication use can influence the 

healing process. 

2. Hemostasis Phase 

Hemostasis represents the earliest stage of wound 

healing and begins immediately after tissue injury. 

The primary objective of this phase is to prevent 

excessive blood loss and establish a temporary 

matrix for subsequent cellular activities. 

Following injury, damaged blood vessels undergo 

rapid vasoconstriction, reducing blood flow to the 

affected area. Simultaneously, circulating platelets 

adhere to exposed collagen fibers within the 

damaged tissue. Platelet activation triggers 

aggregation and the release of numerous bioactive 

mediators, including platelet-derived growth 

factor (PDGF), transforming growth factor-beta 

(TGF-β), serotonin, and thromboxane A2. These 
mediators initiate coagulation and recruit 

inflammatory cells to the wound site. 

Activation of the coagulation cascade results in the 

conversion of fibrinogen into fibrin, forming a 

stable blood clot. This fibrin matrix not only 

provides hemostatic control but also serves as a 
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provisional scaffold for the migration of 

inflammatory cells, fibroblasts, and endothelial 

cells during later stages of repair. 

3. Inflammatory Phase 

The inflammatory phase generally begins within 

hours after injury and may persist for several days 

depending on wound severity. This phase plays a 

crucial role in protecting the wound from 

microbial invasion and preparing the tissue for 

regeneration. 

Neutrophils are the first inflammatory cells to 

infiltrate the wound site. Their primary functions 

include phagocytosis of bacteria, removal of 

necrotic debris, and secretion of proteolytic 

enzymes. Subsequently, macrophages become the 

dominant inflammatory cells and serve as key 

regulators of tissue repair. Macrophages release 

numerous cytokines and growth factors including 

tumor necrosis factor-alpha (TNF-α), interleukin-

1 (IL-1), vascular endothelial growth factor 

(VEGF), fibroblast growth factor (FGF), and TGF-

β. These mediators orchestrate cellular 
recruitment, angiogenesis, and extracellular 

matrix synthesis.  

While inflammation is essential for healing, 

prolonged or excessive inflammation can impair 

tissue regeneration and contribute to chronic 

wound formation. Therefore, controlling oxidative 

stress and inflammatory mediator production 

represents a major therapeutic target in wound 

management. Many plant-derived flavonoids and 

phenolic compounds have demonstrated the ability 

to modulate inflammatory signaling pathways, 

thereby promoting optimal healing conditions. 

4. Proliferative Phase 

The proliferative phase generally begins between 

the third and fifth day after injury and may 

continue for several weeks. This stage is 

characterized by tissue reconstruction and the 

formation of new extracellular matrix. 

One of the most important events during this phase 

is fibroblast proliferation. Fibroblasts migrate into 

the wound bed and synthesize collagen, elastin, 

fibronectin, and proteoglycans, which collectively 

form granulation tissue. Granulation tissue serves 

as the structural foundation for tissue regeneration 

and provides mechanical support for newly formed 

cells.  

Angiogenesis is another critical component of the 

proliferative phase. Endothelial cells proliferate 

and form new capillary networks, ensuring 

adequate oxygen and nutrient supply to the healing 

tissue. Growth factors such as VEGF and FGF 

play central roles in this process. Simultaneously, 

keratinocytes migrate across the wound surface 

and initiate re-epithelialization, restoring the 

epidermal barrier. 

The proliferative phase is highly dependent on 

adequate oxygenation, nutritional support, and 

cellular signaling. Antioxidant-rich medicinal 

plants may facilitate this stage by reducing 

oxidative stress and enhancing cellular 

proliferation. 

5. Remodeling Phase 

The remodeling or maturation phase represents the 

final stage of wound healing and may continue for 

several months or even years after injury. During 

this period, granulation tissue is gradually replaced 

by mature scar tissue. 

Collagen type III deposited during the proliferative 

phase is progressively degraded and replaced by 

stronger collagen type I fibers. Matrix 

metalloproteinases (MMPs) and their inhibitors 

regulate extracellular matrix turnover and tissue 



Anjali Rajput, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 3159-3190 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3163 | P a g e  

organization. As collagen fibers become 

increasingly aligned along lines of mechanical 

stress, tensile strength improves significantly. 

However, healed tissue rarely regains more than 

80% of the strength of uninjured skin.  

Myofibroblasts play a major role in wound 

contraction during this phase, reducing wound size 

and facilitating closure. Simultaneously, 

unnecessary blood vessels undergo regression, 

resulting in decreased vascularity and scar 

maturation. The balance between collagen 

synthesis and degradation ultimately determines 

scar quality and functional recovery. 

6. Factors Affecting Wound Healing 

Numerous local and systemic factors influence the 

wound-healing process. 

Local Factors 

• Microbial infection 

• Tissue ischemia 

• Foreign bodies 

• Excessive wound exudate 

• Mechanical stress 

Systemic Factors 

• Age 

• Diabetes mellitus 

• Malnutrition 

• Smoking 

• Alcohol consumption 

• Immunosuppression 

• Vascular diseases 

• Obesity 

Among these factors, infection and oxidative 

stress are particularly important because they can 

prolong inflammation and delay progression to 

subsequent healing stages. Consequently, 

therapeutic agents possessing both antioxidant and 

antimicrobial activities are considered highly 

desirable for wound management. 

Here is a dissertation-style Chapter 5 suitable for 

an M.Pharm review paper. 

2. Phytochemistry of Lagenaria siceraria 

2.1 Introduction 

Lagenaria siceraria (Molina) Standley, 

commonly known as Bottle Gourd, Calabash, 

White Flowered Gourd, or Lauki, belongs to the 

family Cucurbitaceae. The plant has been 

cultivated for centuries in Asia, Africa, and 

tropical regions of the world as both a food crop 

and a medicinal plant. Traditional systems of 

medicine including Ayurveda, Unani, and 

Traditional Chinese Medicine have utilized 

various parts of the plant for the treatment of fever, 

inflammation, hypertension, liver disorders, 

gastrointestinal disturbances, skin diseases, and 

cardiovascular ailments. 

In recent decades, scientific investigations have 

demonstrated that the therapeutic properties of 

Lagenaria siceraria are closely associated with its 

diverse phytochemical composition. Numerous 

studies have identified bioactive compounds 

including flavonoids, phenolic acids, triterpenoids, 

sterols, saponins, alkaloids, glycosides, 

polysaccharides, and essential micronutrients. 

These phytoconstituents contribute significantly to 

the antioxidant, anti-inflammatory, antimicrobial, 

hepatoprotective, cardioprotective, antidiabetic, 
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and wound-healing activities reported for the 

plant. 

The increasing interest in natural wound-healing 

agents has led researchers to explore the 

phytochemical profile of Lagenaria siceraria in 

greater detail. Understanding the chemical 

constituents responsible for its pharmacological 

activities is essential for the development of 

standardized herbal formulations and evidence-

based therapeutic applications. 

2.2 Botanical Classification 

Table 2.1 Taxonomical Classification of Lagenaria 

siceraria 

Taxonomic Rank Classification 

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Cucurbitales 

Family Cucurbitaceae 

Genus Lagenaria 

Species Lagenaria siceraria 

2.3 Nutritional and Phytochemical 

Composition 

Various parts of the plant including fruits, leaves, 

seeds, roots, and stems contain a wide spectrum of 

phytochemicals. The concentration and 

distribution of these constituents vary depending 

on plant part, geographical location, cultivation 

conditions, maturity stage, and extraction method. 

The major phytochemical groups identified in 

Lagenaria siceraria include: 

• Flavonoids 

• Phenolic compounds 

• Triterpenoids 

• Sterols 

• Saponins 

• Alkaloids 

• Glycosides 

• Tannins 

• Polysaccharides 

• Proteins and amino acids 

• Vitamins and minerals 

These constituents are believed to act 

synergistically, contributing to the plant's 

medicinal properties. 

2.4 Flavonoids 

Flavonoids are among the most extensively 

studied phytochemicals present in Lagenaria 

siceraria. They are polyphenolic compounds 

characterized by a C6-C3-C6 skeleton and are 

recognized for their potent antioxidant and anti-

inflammatory activities. 

Several flavonoids reported in Lagenaria siceraria 

include: 

• Quercetin 

• Kaempferol 

• Apigenin 

• Luteolin 

• Rutin 

These compounds exert their biological activities 

through multiple mechanisms, including: 

• Scavenging reactive oxygen species (ROS) 

• Chelation of transition metals 

• Inhibition of lipid peroxidation 
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• Regulation of inflammatory mediators 

• Protection against oxidative tissue damage 

In wound healing, flavonoids promote fibroblast 

proliferation, collagen synthesis, angiogenesis, 

and epithelial regeneration. Their antioxidant 

properties help reduce oxidative stress within the 

wound microenvironment, thereby accelerating 

tissue repair. 

2.5 Phenolic Compounds 

Phenolic compounds represent another major class 

of bioactive constituents in Lagenaria siceraria. 

These compounds contain one or more hydroxyl 

groups attached to aromatic rings and contribute 

substantially to the plant's antioxidant capacity. 

Major Phenolic Compounds 

• Gallic acid 

• Caffeic acid 

• Ferulic acid 

• Chlorogenic acid 

• p-Coumaric acid 

• Vanillic acid 

Phenolic compounds protect cells against 

oxidative damage by donating hydrogen atoms or 

electrons to free radicals. Their therapeutic 

significance extends beyond antioxidant activity 

and includes: 

• Anti-inflammatory effects 

• Antimicrobial action 

• Modulation of cellular signaling pathways 

• Prevention of tissue degeneration 

Several studies have demonstrated a positive 

correlation between total phenolic content and 

antioxidant activity of Lagenaria siceraria 

extracts. 

2.6 Triterpenoids 

Triterpenoids constitute an important group of 

secondary metabolites in the Cucurbitaceae 

family. These compounds are synthesized through 

the mevalonate pathway and possess a wide range 

of pharmacological properties. 

Important Triterpenoids Reported 

• Cucurbitacin B 

• Cucurbitacin D 

• Cucurbitacin E 

• Oleanolic acid derivatives 

• Ursolic acid derivatives 

Cucurbitacins are highly oxygenated tetracyclic 

triterpenes characteristic of many cucurbitaceous 

plants. 

Pharmacological activities include: 

• Anti-inflammatory activity 

• Anticancer activity 

• Antimicrobial effects 

• Immunomodulatory effects 

• Wound-healing support 

Studies suggest that triterpenoids facilitate wound 

repair through stimulation of fibroblast migration 

and collagen deposition. 

2.7 Sterols 
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Plant sterols are important constituents identified 

in Lagenaria siceraria. These compounds 

structurally resemble cholesterol and play 

significant roles in membrane stabilization and 

cellular signaling. 

Major Sterols Identified 

• β-Sitosterol 

• Stigmasterol 

• Campesterol 

These phytosterols possess: 

• Anti-inflammatory properties 

• Antioxidant effects 

• Immunomodulatory activity 

• Tissue regenerative potential 

β-Sitosterol has been particularly associated with 

enhanced wound contraction and accelerated 

epithelialization in experimental studies. 

2.8 Saponins 

Saponins are glycosidic compounds characterized 

by their soap-like foaming properties in aqueous 

solutions. 

Biological Activities of Saponins 

• Antioxidant activity 

• Antimicrobial activity 

• Anti-inflammatory effects 

• Immunostimulatory activity 

• Tissue repair enhancement 

Saponins may contribute to wound healing by 

stimulating fibroblast proliferation and enhancing 

collagen production. Furthermore, their 

antimicrobial activity helps reduce microbial 

contamination of wounds. 

2.9 Alkaloids 

Alkaloids are nitrogen-containing secondary 

metabolites commonly associated with diverse 

pharmacological activities. 

Although present in relatively lower 

concentrations compared to flavonoids and 

phenolics, alkaloids identified in Lagenaria 

siceraria contribute to: 

• Antimicrobial activity 

• Anti-inflammatory effects 

• Analgesic action 

• Antioxidant protection 

These compounds may play supportive roles in 

wound management by reducing pain and 

inflammation while preventing microbial 

infection. 

2.10 Glycosides 

Glycosides consist of sugar moieties linked to 

biologically active aglycones. Several glycosidic 

compounds have been reported in different parts of 

Lagenaria siceraria. 

The therapeutic importance of glycosides 

includes: 

• Antioxidant activity 

• Cytoprotective effects 

• Cardioprotective properties 
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• Anti-inflammatory actions 

Certain glycosides may influence cellular 

proliferation and extracellular matrix remodeling 

during wound healing. 

2.11 Tannins 

Tannins are polyphenolic compounds capable of 

precipitating proteins and forming protective 

complexes over damaged tissues. 

Pharmacological Significance 

• Antioxidant activity 

• Astringent properties 

• Antimicrobial effects 

• Anti-inflammatory activity 

The astringent nature of tannins contributes to 

wound contraction and reduction of wound 

exudation. Their antimicrobial action further 

supports tissue healing by preventing infection. 

2.12 Polysaccharides 

Polysaccharides isolated from Lagenaria siceraria 

have attracted attention due to their 

immunomodulatory and antioxidant properties. 

Reported biological activities include: 

• Stimulation of macrophage function 

• Enhancement of tissue regeneration 

• Promotion of cellular proliferation 

• Modulation of immune responses 

These compounds may contribute to the overall 

wound-healing potential of the plant through 

regulation of inflammatory and regenerative 

pathways. 

2.13 Vitamins and Minerals 

In addition to secondary metabolites, Lagenaria 

siceraria contains several essential micronutrients. 

Vitamins 

• Vitamin C 

• Vitamin A precursors 

• B-complex vitamins 

Minerals 

• Potassium 

• Calcium 

• Magnesium 

• Iron 

• Zinc 

Vitamin C plays a critical role in collagen 

synthesis and extracellular matrix formation. Zinc 

functions as a cofactor for numerous enzymes 

involved in tissue repair and immune regulation. 

2.14 Phytochemicals Responsible for Wound 

Healing Activity 

The wound-healing activity of Lagenaria 

siceraria is attributed to the combined action of 

multiple phytoconstituents. 

Table 2.2 Major Phytochemicals and Their Wound-Healing Roles 

Phytochemical Class Major Compounds Wound-Healing Functions 

Flavonoids Quercetin, Kaempferol Antioxidant, anti-inflammatory, collagen synthesis 

Phenolics Gallic acid, Ferulic acid Free radical scavenging, tissue protection 
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Triterpenoids Cucurbitacins Fibroblast stimulation, tissue remodeling 

Sterols β-Sitosterol Epithelialization, anti-inflammatory action 

Saponins Various glycosides Collagen formation, antimicrobial activity 

Tannins Polyphenolic tannins Wound contraction, antimicrobial action 

Polysaccharides Bioactive polysaccharides Immune modulation, tissue regeneration 

2.15 Comparative Analysis of Published 

Studies 

Numerous investigations have demonstrated that 

extracts of Lagenaria siceraria exhibit significant 

antioxidant activity through DPPH, ABTS, and 

FRAP assays. High phenolic and flavonoid 

contents have consistently correlated with 

enhanced free-radical scavenging capacity. 

Antimicrobial studies have reported inhibitory 

activity against wound-associated pathogens 

including: 

• Staphylococcus aureus 

• Escherichia coli 

• Pseudomonas aeruginosa 

• Bacillus subtilis 

Animal studies have further demonstrated 

accelerated wound contraction, enhanced collagen 

deposition, increased hydroxyproline content, and 

improved epithelialization following treatment 

with extracts rich in flavonoids and phenolic 

compounds. 

Collectively, these findings support the therapeutic 

relevance of Lagenaria siceraria as a promising 

source of natural wound-healing agents. 

2.16 Summary 

Lagenaria siceraria is a phytochemically rich 

medicinal plant containing flavonoids, phenolic 

compounds, triterpenoids, sterols, saponins, 

alkaloids, glycosides, tannins, and 

polysaccharides. These bioactive constituents 

contribute to multiple pharmacological activities 

including antioxidant, antimicrobial, anti-

inflammatory, and wound-healing effects. The 

synergistic interaction among these 

phytochemicals appears to be responsible for the 

plant's therapeutic efficacy. Available evidence 

indicates that Lagenaria siceraria possesses 

considerable potential for incorporation into 

herbal wound-healing formulations, particularly 

topical gel systems. Further studies involving 

standardization, isolation of active compounds, 

molecular mechanisms, and clinical validation are 

necessary to establish its full pharmaceutical 

potential. 

3. Phytochemistry of Raphanus sativus 

3.1 Introduction 

Raphanus sativus L., commonly known as radish, 

is an annual or biennial herbaceous plant 

belonging to the family Brassicaceae (Cruciferae). 

It is one of the oldest cultivated vegetable crops 

and is widely distributed throughout Asia, Europe, 

Africa, and the Americas. Besides its nutritional 

value, Raphanus sativus has been extensively 

utilized in traditional medicine for the treatment of 

digestive disorders, respiratory diseases, liver 

dysfunction, urinary ailments, inflammation, and 

skin disorders. 

In recent years, increasing scientific attention has 

focused on the phytochemical composition and 

pharmacological properties of Raphanus sativus. 

Various studies have demonstrated that different 
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plant parts including roots, seeds, leaves, sprouts, 

and pods contain numerous bioactive constituents 

such as glucosinolates, isothiocyanates, phenolic 

compounds, flavonoids, anthocyanins, alkaloids, 

saponins, sulfur-containing compounds, vitamins, 

minerals, and polysaccharides. These 

phytochemicals exhibit diverse biological 

activities including antioxidant, antimicrobial, 

anti-inflammatory, hepatoprotective, antidiabetic, 

anticancer, and wound-healing effects. 

Among medicinal plants investigated for tissue 

regeneration, Raphanus sativus has emerged as a 

promising candidate due to its ability to combat 

oxidative stress, suppress microbial growth, 

modulate inflammatory responses, and promote 

cellular repair mechanisms. Understanding its 

phytochemical profile is therefore essential for the 

development of evidence-based herbal 

formulations intended for wound management and 

topical drug delivery systems. 

3.2 Botanical Classification 

Table 3.1 Taxonomical Classification of Raphanus 

sativus 

Taxonomic Rank Classification 

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Brassicales 

Family Brassicaceae 

Genus Raphanus 

Species Raphanus sativus L. 

3.3 Nutritional and Phytochemical Profile 

The medicinal importance of Raphanus sativus is 

closely linked to its rich phytochemical 

composition. Different plant parts contain varying 

concentrations of bioactive constituents depending 

on cultivar, environmental conditions, maturity 

stage, and extraction techniques. 

Major phytochemical groups reported in 

Raphanus sativus include: 

• Glucosinolates 

• Isothiocyanates 

• Flavonoids 

• Phenolic acids 

• Anthocyanins 

• Alkaloids 

• Saponins 

• Tannins 

• Sulfur-containing compounds 

• Sterols 

• Polysaccharides 

• Vitamins and minerals 

The synergistic interaction among these 

phytochemicals contributes significantly to the 

plant's therapeutic efficacy. 

3.4 Glucosinolates 

Glucosinolates are sulfur-containing secondary 

metabolites characteristic of the Brassicaceae 

family and represent one of the most important 

phytochemical groups in Raphanus sativus. 

These compounds remain biologically inactive 

until plant tissues are damaged. Upon tissue 

disruption, the enzyme myrosinase hydrolyzes 

glucosinolates to produce biologically active 

compounds including isothiocyanates, nitriles, and 

thiocyanates. 

Major Glucosinolates Identified 
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• Glucoraphasatin 

• Glucoraphenin 

• Glucobrassicin 

• Glucoerucin 

• Glucoraphanin 

Glucosinolates exhibit numerous biological 

activities: 

• Antioxidant activity 

• Antimicrobial activity 

• Anti-inflammatory effects 

• Detoxification enhancement 

• Chemopreventive activity 

Recent investigations suggest that glucosinolate-

derived metabolites may facilitate wound healing 

by reducing oxidative stress and modulating 

inflammatory pathways. 

3.5 Isothiocyanates 

Isothiocyanates are hydrolysis products of 

glucosinolates and represent some of the most 

biologically active constituents of Raphanus 

sativus. 

Important Isothiocyanates 

• Sulforaphene 

• Sulforaphane 

• Raphasatin 

• Erucin 

These compounds possess remarkable 

pharmacological activities: 

• Potent antioxidant effects 

• Antibacterial activity 

• Anti-inflammatory activity 

• Cytoprotective properties 

• Tissue regenerative effects 

Sulforaphene, one of the principal isothiocyanates 

in radish, has been reported to activate the Nrf2 

signaling pathway, leading to enhanced production 

of endogenous antioxidant enzymes such as: 

• Superoxide dismutase (SOD) 

• Catalase 

• Glutathione peroxidase 

This mechanism may contribute significantly to 

wound healing by protecting tissues against 

oxidative damage. 

3.6 Flavonoids 

Flavonoids constitute another major class of 

phytochemicals present in Raphanus sativus. 

These polyphenolic compounds play crucial roles 

in plant defense and exhibit numerous 

pharmacological properties. 

Major Flavonoids Reported 

• Quercetin 

• Kaempferol 

• Luteolin 

• Apigenin 

• Rutin 
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The therapeutic importance of flavonoids 

includes: 

• Free radical scavenging 

• Inhibition of lipid peroxidation 

• Anti-inflammatory effects 

• Antimicrobial activity 

• Promotion of collagen synthesis 

Flavonoids contribute substantially to wound 

healing by stimulating fibroblast proliferation, 

angiogenesis, and extracellular matrix formation. 

3.7 Phenolic Acids 

Phenolic acids are widely distributed in various 

parts of Raphanus sativus and contribute 

significantly to its antioxidant capacity. 

Major Phenolic Acids 

• Gallic acid 

• Ferulic acid 

• Caffeic acid 

• Chlorogenic acid 

• p-Coumaric acid 

• Sinapic acid 

These compounds exert biological effects through: 

• Hydrogen donation 

• Metal ion chelation 

• Suppression of oxidative stress 

• Modulation of inflammatory mediators 

Studies have demonstrated strong correlations 

between total phenolic content and antioxidant 

potential of radish extracts. 

3.8 Anthocyanins 

Anthocyanins are water-soluble pigments 

responsible for the red, purple, and black 

coloration observed in certain radish cultivars. 

Major Anthocyanins 

• Cyanidin derivatives 

• Pelargonidin derivatives 

• Malvidin derivatives 

Anthocyanins possess: 

• Potent antioxidant activity 

• Anti-inflammatory effects 

• Vascular protective properties 

• Cytoprotective activity 

These compounds may support wound repair 

through enhancement of microcirculation and 

reduction of oxidative tissue injury. 

3.9 Sulfur-Containing Compounds 

Sulfur-containing compounds represent a 

distinctive feature of Brassicaceae plants. 

Important Sulfur Compounds 

• Methyl mercaptan derivatives 

• Thiols 

• Sulfoxides 

• Sulfides 
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These compounds are responsible for the 

characteristic pungent aroma of radish and exhibit: 

• Antimicrobial activity 

• Antioxidant properties 

• Detoxification support 

• Anti-inflammatory effects 

Sulfur-containing metabolites may contribute to 

wound healing by controlling microbial 

contamination and regulating inflammatory 

responses. 

3.10 Alkaloids 

Although present in relatively lower 

concentrations compared to glucosinolates and 

flavonoids, alkaloids contribute to the 

pharmacological profile of Raphanus sativus. 

Reported activities include: 

• Antimicrobial effects 

• Anti-inflammatory activity 

• Antioxidant protection 

• Analgesic action 

These compounds may play supportive roles in 

wound management through modulation of pain 

and infection. 

3.11 Saponins 

Saponins are glycosidic compounds found in seeds 

and other plant parts. 

Biological Activities 

• Antioxidant activity 

• Immunomodulatory effects 

• Antimicrobial properties 

• Anti-inflammatory action 

Saponins have been shown to stimulate collagen 

production and fibroblast proliferation, making 

them important contributors to tissue regeneration. 

3.12 Tannins 

Tannins are polyphenolic compounds capable of 

forming complexes with proteins and other 

biomolecules. 

Pharmacological Significance 

• Astringent activity 

• Antioxidant effects 

• Antimicrobial activity 

• Wound contraction enhancement 

The astringent nature of tannins promotes tissue 

tightening and supports wound closure. 

3.13 Sterols 

Several phytosterols have been identified in 

Raphanus sativus. 

Major Sterols 

• β-Sitosterol 

• Campesterol 

• Stigmasterol 

These compounds exhibit: 

• Anti-inflammatory activity 

• Antioxidant effects 
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• Immunomodulatory properties 

• Tissue regenerative activity 

β-Sitosterol has been associated with accelerated 

epithelialization and improved wound contraction. 

3.14 Polysaccharides 

Polysaccharides isolated from radish roots and 

seeds have demonstrated important biological 

activities. 

Therapeutic Roles 

• Immune stimulation 

• Tissue regeneration 

• Antioxidant activity 

• Cellular proliferation 

These compounds may support wound healing by 

regulating macrophage activity and enhancing 

tissue repair processes. 

3.15 Vitamins and Minerals 

Raphanus sativus contains numerous essential 

micronutrients involved in tissue repair and 

cellular metabolism. 

Vitamins 

• Vitamin C 

• Vitamin A precursors 

• Vitamin E 

• Folate 

• B-complex vitamins 

Minerals 

• Potassium 

• Calcium 

• Magnesium 

• Iron 

• Zinc 

• Phosphorus 

Vitamin C plays a vital role in collagen synthesis, 

while zinc participates in enzyme systems 

responsible for DNA synthesis, immune function, 

and wound repair. 

3.16 Phytochemicals Responsible for Wound 

Healing Activity 

The wound-healing potential of Raphanus sativus 

is attributed to the combined action of multiple 

phytoconstituents. 

Table 3.2 Major Phytochemicals and Their 

Wound-Healing Roles 

Phytochemical 
Class 

Major 
Constituents 

Wound-
Healing 

Functions 

Glucosinolates Glucoraphenin, 
Glucoraphasatin 

Anti-
inflammatory, 

antioxidant 
Isothiocyanates Sulforaphene, 

Raphasatin 

Antimicrobial, 
cytoprotective 

Flavonoids Quercetin, 
Kaempferol 

Collagen 
synthesis, 

antioxidant 
activity 

Phenolic Acids Gallic acid, 
Ferulic acid 

Free radical 
scavenging 

Anthocyanins Cyanidin 
derivatives 

Microcirculation 
enhancement 

Saponins Various 
glycosides 

Fibroblast 
stimulation 

Tannins Polyphenolic 
tannins 

Wound 
contraction 

Sterols β-Sitosterol Epithelialization 
and tissue 

regeneration 
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3.17 Comparative Analysis of Published 

Studies 

Numerous studies have demonstrated significant 

antioxidant activity of Raphanus sativus extracts 

using DPPH, ABTS, FRAP, and reducing power 

assays. The observed activity has consistently 

been linked to high levels of phenolics, flavonoids, 

glucosinolates, and anthocyanins. 

Antimicrobial investigations have reported 

inhibitory effects against: 

• Staphylococcus aureus 

• Escherichia coli 

• Pseudomonas aeruginosa 

• Salmonella typhi 

• Bacillus subtilis 

Several experimental studies have also 

demonstrated anti-inflammatory and tissue-

protective activities that support wound repair. 

The activation of antioxidant defense systems, 

suppression of pro-inflammatory cytokines, and 

enhancement of collagen deposition appear to be 

important mechanisms underlying these effects. 

Furthermore, seed extracts have shown higher 

concentrations of bioactive compounds compared 

to some other plant parts, making them particularly 

attractive for pharmaceutical applications. 

3.18 Relevance of Raphanus sativus in 

Polyherbal Wound-Healing Formulations 

Polyherbal formulations combine multiple 

medicinal plants to achieve synergistic therapeutic 

effects. In wound-healing applications, Raphanus 

sativus offers several advantages: 

1. Strong antioxidant activity reducing oxidative 

damage. 

2. Broad-spectrum antimicrobial effects against 

wound pathogens. 

3. Anti-inflammatory activity facilitating 

progression through healing phases. 

4. Enhancement of fibroblast proliferation and 

collagen synthesis. 

5. Promotion of tissue remodeling and 

epithelialization. 

When combined with Lagenaria siceraria, 

complementary phytochemical interactions may 

enhance overall therapeutic efficacy, supporting 

the rationale for developing polyherbal topical gel 

formulations. 

3.19 Summary 

Raphanus sativus is a phytochemically rich 

medicinal plant containing glucosinolates, 

isothiocyanates, flavonoids, phenolic acids, 

anthocyanins, sulfur-containing compounds, 

saponins, tannins, sterols, and polysaccharides. 

These bioactive constituents collectively 

contribute to antioxidant, antimicrobial, anti-

inflammatory, and wound-healing activities. 

Available evidence suggests that the plant 

possesses considerable therapeutic potential for 

incorporation into topical wound-healing 

formulations. Further research focusing on 

phytochemical standardization, molecular 

mechanisms, formulation development, and 

clinical evaluation is warranted to fully exploit its 

pharmaceutical value. 

4. Literature Search Methodology 

This review was conducted following the 

principles of the Preferred Reporting Items for 
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Systematic Reviews and Meta-Analyses 

(PRISMA 2020) guidelines to ensure a transparent 

and systematic approach for identification, 

screening, and selection of relevant literature.  

4.1 Data Sources 

A comprehensive literature search was performed 

using the following electronic databases: 

• PubMed 

• Google Scholar 

• Scopus 

• ScienceDirect 

• SpringerLink 

• Wiley Online Library 

Relevant articles published between 2000 and 

2025 were considered for inclusion. 

4.2 Search Strategy 

The literature search was conducted using 

combinations of keywords and Boolean operators 

(AND, OR) related to wound healing, herbal 

formulations, and the selected medicinal plants. 

The following search terms were used: 

• "Lagenaria siceraria" AND wound healing 

• "Raphanus sativus" AND wound healing 

• "Lagenaria siceraria" AND antioxidant 

activity 

• "Raphanus sativus" AND antimicrobial 

activity 

• "Herbal gel" AND wound healing 

• "Polyherbal formulation" AND topical drug 

delivery 

• "Medicinal plants" AND wound repair 

• "Antioxidant activity" AND wound healing 

Additional studies were identified through manual 

screening of reference lists from relevant review 

articles and research papers. 

4.3 Inclusion Criteria 

Studies were included if they met the following 

criteria: 

• Published in peer-reviewed journals. 

• Written in English. 

• Reported phytochemical, antioxidant, 

antimicrobial, or wound-healing activities of 

Lagenaria siceraria or Raphanus sativus. 

• Investigated herbal gel formulations or topical 

drug delivery systems. 

• Included in vitro, in vivo, clinical, or review 

studies relevant to wound healing. 

4.4 Exclusion Criteria 

The following studies were excluded: 

• Duplicate publications. 

• Conference abstracts without full-text 

availability. 

• Non-English publications. 

• Studies unrelated to wound healing or topical 

formulations. 

• Articles lacking sufficient scientific data. 
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4.5 Study Selection Process 

The identified articles were screened based on 

titles and abstracts. Potentially relevant studies 

were subjected to full-text evaluation. Articles 

fulfilling the inclusion criteria were selected for 

qualitative synthesis and comparative analysis. 

4.6 Data Extraction and Analysis 

Relevant information was extracted from the 

selected studies, including: 

• Plant species investigated 

• Type of extract used 

• Major phytochemical constituents 

• Antioxidant activity 

• Antimicrobial activity 

• Wound-healing outcomes 

• Formulation characteristics 

The extracted data were summarized and 

compared to identify common findings, 

therapeutic trends, and research gaps. 

4.7 PRISMA Flow of Literature Selection 

A total of 156 records were initially identified 

through database searching and manual reference 

screening. After removal of duplicates and 

irrelevant articles, 72 full-text articles were 

assessed for eligibility. Finally, 48 studies meeting 

the predefined inclusion criteria were included in 

the review. 

PRISMA Flow Summary 

• Records identified through database searching 

(n = 156) 

• Duplicates removed (n = 28) 

• Records screened (n = 128) 

• Records excluded after title/abstract screening 

(n = 56) 

• Full-text articles assessed for eligibility (n = 

72) 

• Full-text articles excluded (n = 24) 

• Studies included in qualitative review (n = 48) 

This systematic search strategy ensured 

comprehensive coverage of the available literature 

regarding the phytochemistry, antioxidant activity, 

antimicrobial activity, herbal gel formulation, and 

wound-healing potential of Lagenaria siceraria 

and Raphanus sativus. 

5. Antioxidant Activities 

5.1 Comparative Analysis Across Published 

Studies 

Oxidative stress is recognized as one of the major 

factors responsible for delayed wound healing and 

tissue damage. During the wound-healing process, 

activated neutrophils, macrophages, and damaged 

tissues generate reactive oxygen species (ROS) 

such as superoxide radicals, hydroxyl radicals, 

hydrogen peroxide, and peroxynitrite. Although 

low concentrations of ROS are essential for 

cellular signaling and defense against pathogens, 

excessive ROS production can damage proteins, 

lipids, nucleic acids, and cellular membranes, 

ultimately impairing tissue repair. 

Antioxidants play a critical role in maintaining 

redox homeostasis by neutralizing free radicals 

and preventing oxidative injury. Medicinal plants 

are rich sources of natural antioxidants, 

particularly flavonoids, phenolic acids, tannins, 
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anthocyanins, carotenoids, and various sulfur-

containing compounds. These phytochemicals not 

only scavenge free radicals but also modulate 

antioxidant enzymes, reduce inflammation, 

stimulate fibroblast proliferation, and promote 

collagen synthesis. 

Among medicinal plants investigated for wound-

healing applications, Lagenaria siceraria and 

Raphanus sativus have demonstrated considerable 

antioxidant potential. Their antioxidant activity is 

largely attributed to high concentrations of 

phenolic compounds and flavonoids, which act 

through multiple mechanisms including free 

radical scavenging, metal chelation, inhibition of 

lipid peroxidation, and enhancement of 

endogenous antioxidant defenses.  

5.2 Role of Oxidative Stress in Wound Healing 

Reactive oxygen species are generated 

immediately following tissue injury and 

participate in host defense mechanisms. During 

the inflammatory phase, neutrophils and 

macrophages produce ROS to eliminate invading 

microorganisms and facilitate cellular signaling. 

However, excessive ROS production may lead to: 

• Lipid peroxidation 

• Protein oxidation 

• DNA damage 

• Fibroblast dysfunction 

• Impaired collagen synthesis 

• Delayed angiogenesis 

• Chronic inflammation 

Research has demonstrated that maintaining a 

balance between oxidants and antioxidants is 

essential for successful wound healing. 

Antioxidant therapies have therefore emerged as 

promising approaches for improving tissue 

regeneration and reducing chronic wound 

complications. 

5.3 Mechanisms of Antioxidant Action 

Plant-derived antioxidants exert their biological 

effects through several mechanisms: 

5.3.1 Free Radical Scavenging 

Phenolic compounds donate hydrogen atoms or 

electrons to unstable free radicals, thereby 

terminating oxidative chain reactions. 

5.3.2 Metal Chelation 

Certain flavonoids bind transition metals such as 

iron and copper, preventing metal-catalyzed 

generation of reactive oxygen species. 

5.3.3 Inhibition of Lipid Peroxidation 

Antioxidants protect cellular membranes by 

preventing oxidation of membrane lipids. 

5.3.4 Activation of Endogenous Antioxidant 

Systems 

Many phytochemicals stimulate expression of 

antioxidant enzymes including: 

• Superoxide dismutase (SOD) 

• Catalase (CAT) 

• Glutathione peroxidase (GPx) 

5.3.5 Regulation of Cellular Signaling Pathways 

Natural antioxidants modulate signaling pathways 

involved in tissue repair, including: 

• Nrf2/ARE pathway 



Anjali Rajput, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 3159-3190 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3178 | P a g e  

• NF-κB pathway 

• MAPK pathway 

• PI3K/Akt pathway 

These mechanisms collectively contribute to 

accelerated wound healing and tissue regeneration.  

5.4 Antioxidant Activity of Lagenaria siceraria 

Numerous investigations have demonstrated 

significant antioxidant activity in different parts of 

Lagenaria siceraria, including fruits, leaves, 

seeds, and aerial parts. 

The antioxidant activity is mainly attributed to: 

• Flavonoids 

• Phenolic acids 

• Triterpenoids 

• Tannins 

• Carotenoids 

Studies evaluating methanolic and ethanolic 

extracts have consistently reported strong DPPH 

radical scavenging activity, reducing power 

activity, nitric oxide scavenging activity, and 

inhibition of lipid peroxidation. The antioxidant 

capacity has been positively correlated with total 

phenolic and flavonoid content. 

A study investigating the methanolic extract of 

aerial parts reported concentration-dependent 

scavenging of: 

• DPPH radicals 

• Superoxide radicals 

• Hydrogen peroxide 

• Nitric oxide radicals 

The researchers concluded that the antioxidant 

effects were directly associated with high phenolic 

and flavonoid concentrations. 

Another investigation isolated phenolic glycosides 

from bottle gourd fruits and demonstrated 

substantial antioxidant activity through multiple in 

vitro assays, further supporting the role of phenolic 

constituents in free-radical neutralization. 

5.5 Antioxidant Activity of Raphanus sativus 

Raphanus sativus possesses a diverse range of 

antioxidant phytochemicals including: 

• Glucosinolates 

• Isothiocyanates 

• Flavonoids 

• Anthocyanins 

• Phenolic acids 

• Vitamin C 

Several studies have demonstrated significant 

antioxidant activity in roots, seeds, sprouts, and 

leaves of radish. 

One of the unique characteristics of Raphanus 

sativus is the presence of glucosinolate-derived 

isothiocyanates such as sulforaphene and 

raphasatin. These compounds activate the Nrf2 

signaling pathway, leading to increased expression 

of endogenous antioxidant enzymes and enhanced 

cellular protection against oxidative stress. 

Investigations involving pigmented radish 

cultivars have shown strong positive correlations 

between antioxidant activity and total phenolic and 

anthocyanin content. Dark-colored radish varieties 
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generally exhibit higher antioxidant capacities 

than white varieties due to elevated concentrations 

of anthocyanins and phenolic compounds. 

Several studies utilizing DPPH, ABTS, and FRAP 

assays have reported potent antioxidant activity, 

supporting the therapeutic value of Raphanus 

sativus in oxidative stress-related disorders and 

wound management. 

5.6 Common Methods Used for Antioxidant 

Evaluation 

Various analytical methods have been employed to 

evaluate antioxidant activity of medicinal plant 

extracts. 

Table 5.1 Common Antioxidant Assays 

Assay Principle Significance 

DPPH Assay Measures free radical scavenging 
activity 

Most commonly used assay 

ABTS Assay Evaluates electron donating 
ability 

Applicable to hydrophilic and 
lipophilic compounds 

FRAP Assay Measures reducing power Indicates antioxidant potential 
Nitric Oxide Scavenging 

Assay 

Measures inhibition of NO 
radicals 

Relevant to inflammation 

Hydrogen Peroxide 
Scavenging Assay 

Assesses peroxide neutralization Indicates protective activity 

Lipid Peroxidation Assay Measures membrane protection Important in wound healing 

These assays collectively provide a 

comprehensive assessment of antioxidant 

capacity. 

5.7 Comparative Analysis of Published 

Antioxidant Studies 

Table 5.2 Comparative Summary of Published Antioxidant Studies 

Plant Extract Type Major 

Phytochemicals 

Antioxidant 

Assays 

Key Findings 

Lagenaria 

siceraria 

Methanolic 

extract 

Flavonoids, 

phenolics 

DPPH, NO, H₂O₂ Significant dose-dependent 

scavenging activity 

Lagenaria 

siceraria 

Ethyl acetate 

extract 

Phenolic glycosides DPPH, reducing 

power 

High antioxidant capacity 

Lagenaria 

siceraria 

Fruit extract Flavonoids, tannins FRAP, DPPH Strong reducing power 

Raphanus 

sativus 

Root extract Phenolics, 

glucosinolates 

DPPH, ABTS Significant antioxidant 

activity 

Raphanus 

sativus 

Pigmented radish 

extract 

Anthocyanins, 

phenolics 

DPPH, FRAP Enhanced antioxidant 

capacity 

Raphanus 

sativus 

Seed extract Isothiocyanates, 

flavonoids 

DPPH, reducing 

power 

Potent free-radical 

scavenging activity 

Published evidence consistently demonstrates that 

antioxidant activity is closely associated with total 

phenolic and flavonoid content in both plants. 

5.8 Comparative Evaluation with Other 

Wound-Healing Medicinal Plants 
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Several medicinal plants traditionally used in 

wound healing exhibit antioxidant activities 

comparable to those of Lagenaria siceraria and 

Raphanus sativus. 

Table 5.3 Comparison with Other Medicinal Plants 

Plant Major 
Antioxidants 

Reported Wound-
Healing 

Relevance 

Lagenaria 
siceraria 

Flavonoids, 
phenolics 

Antioxidant and 
tissue repair 

Raphanus 
sativus 

Isothiocyanates, 
anthocyanins 

Antioxidant and 
antimicrobial 

Curcuma 
longa 

Curcumin Anti-inflammatory 
and antioxidant 

Aloe vera Polyphenols, 
vitamins 

Tissue 
regeneration 

Centella 
asiatica 

Asiaticosides Collagen synthesis 

Moringa 
oleifera 

Phenolics, 
flavonoids 

Antioxidant and 
wound contraction 

Among these plants, Lagenaria siceraria and 

Raphanus sativus are unique because they 

combine strong antioxidant activity with 

substantial antimicrobial potential, both of which 

are crucial for wound management. 

5.9 Antioxidants and Molecular Pathways of 

Wound Healing 

Recent studies have highlighted the role of 

flavonoids and phenolic compounds in regulating 

molecular pathways involved in wound repair. 

These compounds influence: 

• Nrf2/ARE pathway 

• NF-κB signaling pathway 

• MAPK signaling pathway 

• PI3K/Akt pathway 

• TGF-β signaling pathway 

Activation of these pathways results in: 

• Reduced oxidative stress 

• Enhanced collagen synthesis 

• Increased fibroblast proliferation 

• Improved angiogenesis 

• Accelerated epithelialization 

Such molecular effects provide mechanistic 

support for the wound-healing activities observed 

in plant extracts rich in flavonoids and phenolic 

compounds. 

5.10 Antioxidant Synergy in Polyherbal 

Formulations 

Polyherbal formulations combine phytochemicals 

from multiple medicinal plants, potentially 

producing synergistic antioxidant effects. 

The combination of Lagenaria siceraria and 

Raphanus sativus may provide: 

• Enhanced free-radical scavenging activity 

• Broader spectrum antioxidant protection 

• Improved antimicrobial activity 

• Better modulation of inflammatory responses 

• Accelerated wound contraction 

Experimental findings from polyherbal 

formulations frequently demonstrate higher 

antioxidant activity compared to individual 

extracts, supporting the concept of phytochemical 

synergy. 

5.11 Relevance of Antioxidant Activity in 

Herbal Gel Formulations 

The incorporation of antioxidant-rich extracts into 

topical gels offers several therapeutic advantages: 
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• Localized delivery of antioxidants 

• Protection against oxidative tissue damage 

• Improved moisture retention 

• Enhanced patient compliance 

• Sustained release of bioactive compounds 

Carbopol-based herbal gels containing antioxidant 

phytochemicals may therefore provide an effective 

platform for wound management by maintaining a 

favorable microenvironment for tissue repair. 

5.12 Summary 

Oxidative stress is a major contributor to delayed 

wound healing and tissue damage. Natural 

antioxidants play a critical role in restoring redox 

balance, reducing inflammation, and promoting 

tissue regeneration. Published studies consistently 

demonstrate significant antioxidant activity in 

both Lagenaria siceraria and Raphanus sativus, 

largely due to their high content of flavonoids, 

phenolic compounds, glucosinolates, 

isothiocyanates, and anthocyanins. Comparative 

analyses indicate that antioxidant capacity 

strongly correlates with phytochemical 

composition and contributes substantially to the 

wound-healing potential of these plants. 

Furthermore, polyherbal combinations may 

provide synergistic antioxidant effects that 

enhance therapeutic efficacy. These findings 

support the continued investigation of antioxidant-

rich herbal formulations for advanced wound care 

applications. 

6. Antimicrobial Activities – Comparative 

Analysis Across Published Studies 

6.1 Introduction 

Microbial infection is one of the major factors 

responsible for delayed wound healing and chronic 

wound formation. Open wounds provide a 

favorable environment for the growth of 

pathogenic microorganisms, resulting in 

prolonged inflammation, tissue destruction, 

delayed epithelialization, and increased risk of 

systemic infection. Common wound pathogens 

include Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, 

and Bacillus species. The increasing prevalence of 

antimicrobial resistance has further emphasized 

the need for alternative therapeutic agents, 

particularly those derived from medicinal plants. 

Natural products have gained considerable 

attention due to their broad-spectrum 

antimicrobial activity and lower incidence of 

adverse effects. Among these, Lagenaria siceraria 

and Raphanus sativus have demonstrated 

promising antimicrobial properties attributed to 

their rich phytochemical composition, including 

flavonoids, phenolic compounds, tannins, 

saponins, glucosinolates, and isothiocyanates. 

6.2 Antimicrobial Activity of Lagenaria 

siceraria 

Several studies have reported significant 

antimicrobial activity of Lagenaria siceraria 

extracts against both Gram-positive and Gram-

negative bacteria. The antimicrobial effect is 

mainly associated with the presence of flavonoids, 

phenolic acids, tannins, terpenoids, and saponins. 

Methanolic and ethanolic extracts of Lagenaria 

siceraria have shown inhibitory activity against 

pathogens such as: 

• Staphylococcus aureus 

• Escherichia coli 

• Pseudomonas aeruginosa 
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• Bacillus subtilis 

The proposed mechanisms of action include 

disruption of microbial cell membranes, inhibition 

of essential enzymes, interference with protein 

synthesis, and prevention of biofilm formation. 

Phenolic compounds and flavonoids are 

particularly important because they can alter 

bacterial membrane permeability, leading to 

leakage of intracellular contents and microbial cell 

death. 

6.3 Antimicrobial Activity of Raphanus sativus 

Raphanus sativus possesses a distinctive 

antimicrobial profile due to the presence of 

glucosinolates and their hydrolysis products, 

particularly isothiocyanates. These sulfur-

containing compounds exhibit potent antibacterial 

activity against a wide range of microorganisms. 

Research has demonstrated inhibitory effects of 

radish extracts against: 

• Staphylococcus aureus 

• Escherichia coli 

• Pseudomonas aeruginosa 

• Salmonella typhi 

• Klebsiella pneumoniae 

Isothiocyanates such as sulforaphene and 

raphasatin are capable of damaging bacterial cell 

walls, inhibiting enzymatic activity, and disrupting 

microbial metabolism. Additionally, the 

flavonoids and phenolic acids present in radish 

contribute to its overall antimicrobial effectiveness 

through antioxidant and membrane-stabilizing 

effects. 

6.4 Comparative Analysis of Published Studies 

Table 8.1 Comparative Summary of Antimicrobial Studies 

Plant Extract Type Major 

Phytochemicals 

Test Organisms Key Findings 

Lagenaria 

siceraria 

Ethanolic 

extract 

Flavonoids, 

phenolics 

S. aureus, E. coli Moderate to strong 

antibacterial activity 

Lagenaria 

siceraria 

Methanolic 

extract 

Tannins, saponins P. aeruginosa, B. 

subtilis 

Significant growth 

inhibition 

Raphanus sativus Root extract Glucosinolates, 

phenolics 

S. aureus, E. coli Broad-spectrum 

antibacterial activity 

Raphanus sativus Seed extract Isothiocyanates P. aeruginosa, K. 

pneumoniae 

Potent antimicrobial activity 

Polyherbal 

Combination 

Mixed 

extracts 

Multiple 

phytochemicals 

Various pathogens Enhanced antimicrobial 

efficacy due to synergism 

Comparative findings indicate that both plants 

possess substantial antimicrobial activity, 

although Raphanus sativus often demonstrates 

stronger antibacterial effects because of its 

isothiocyanate content. Studies evaluating 

polyherbal formulations suggest that combining 

both plants may enhance antimicrobial efficacy 

through synergistic interactions among their 

phytoconstituents. 

6.5 Relevance to Wound Healing 

Antimicrobial activity plays a crucial role in 

wound management by preventing microbial 

colonization and infection. Effective control of 
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wound pathogens reduces inflammation, 

minimizes tissue damage, and promotes faster 

healing. The antimicrobial properties of Lagenaria 

siceraria and Raphanus sativus complement their 

antioxidant and anti-inflammatory activities, 

making them suitable candidates for topical 

wound-healing formulations. 

In polyherbal gel systems, these extracts can 

provide localized antimicrobial action at the 

wound site while simultaneously supporting tissue 

regeneration. Such multifunctional activity is 

particularly valuable in chronic and infected 

wounds where oxidative stress and microbial 

burden coexist. 

6.6 Summary 

Published studies demonstrate that both Lagenaria 

siceraria and Raphanus sativus possess significant 

antimicrobial activity against common wound-

associated pathogens. The antibacterial effects are 

primarily attributed to flavonoids, phenolic 

compounds, tannins, glucosinolates, and 

isothiocyanates. Comparative analyses indicate 

that Raphanus sativus exhibits strong 

antimicrobial potency due to sulfur-containing 

bioactive compounds, while Lagenaria siceraria 

contributes additional antibacterial and anti-

inflammatory effects. The combination of these 

plants in polyherbal formulations may produce 

synergistic antimicrobial activity, supporting their 

potential application in topical wound-healing 

preparations. 

7. Herbal Gel Drug Delivery Systems 

7.1 Introduction 

Topical drug delivery systems are widely used for 

the treatment of skin disorders and wound 

management because they deliver therapeutic 

agents directly to the site of action. Among various 

topical dosage forms, gels have gained 

considerable attention due to their non-greasy 

nature, ease of application, better patient 

compliance, and enhanced drug release 

characteristics. Herbal gels combine the 

therapeutic benefits of medicinal plant extracts 

with the advantages of modern pharmaceutical 

formulations, making them suitable for wound-

healing applications. 

7.2 Advantages of Herbal Gels 

Herbal gels offer several advantages over 

conventional ointments and creams: 

• Easy application and removal 

• Non-greasy and non-staining 

• Improved patient acceptability 

• Enhanced drug penetration 

• Localized therapeutic action 

• Reduced systemic side effects 

• Suitable for sustained release of 

phytoconstituents 

These properties make gels an ideal carrier for 

herbal extracts used in wound healing. 

7.3 Components of Herbal Gel Formulations 

A typical herbal gel formulation consists of: 

1. Active Ingredients 

Plant extracts containing bioactive 

phytochemicals responsible for therapeutic 

activity. 

2. Gelling Agents 
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Provide consistency and structure to the 

formulation. 

Common gelling agents include: 

• Carbopol 934 

• Carbopol 940 

• Hydroxypropyl Methylcellulose (HPMC) 

• Sodium alginate 

3. Humectants and Solvents 

Improve hydration and solubility of active 

compounds. 

Examples: 

• Propylene glycol 

• Glycerin 

4. Preservatives 

Prevent microbial contamination. 

Examples: 

• Methyl paraben 

• Propyl paraben 

5. Neutralizing Agents 

Used for pH adjustment and gel formation. 

Example: 

• Triethanolamine 

7.4 Carbopol-Based Herbal Gels 

Carbopol is one of the most commonly used 

polymers in topical gel formulations. It possesses 

excellent thickening, stabilizing, and bioadhesive 

properties. 

Advantages of Carbopol gels include: 

• Good spreadability 

• High viscosity at low concentration 

• Excellent stability 

• Skin compatibility 

• Controlled release of active constituents 

Because of these properties, Carbopol 934 is 

frequently employed in herbal wound-healing 

formulations. 

7.5 Evaluation Parameters of Herbal Gels 

The quality and performance of herbal gels are 

assessed using various physicochemical 

parameters: 

Physical Appearance 

Evaluation of color, consistency, homogeneity, 

and absence of grittiness. 

pH 

The pH should be compatible with skin physiology 

(approximately 5.5–7.0) to avoid irritation. 

Viscosity 

Determines the flow behavior and ease of 

application of the gel. 

Spreadability 

Measures the ease with which the formulation 

spreads on the skin surface. 

Extrudability 
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Indicates the ease of removal of gel from a 

collapsible tube. 

Stability Studies 

Assess changes in appearance, pH, viscosity, and 

overall performance during storage. 

7.6 Application of Herbal Gels in Wound 

Healing 

Herbal gels provide a moist environment that 

supports tissue repair and facilitates the delivery of 

bioactive compounds directly to the wound site. 

Plant-derived antioxidants, antimicrobials, and 

anti-inflammatory agents incorporated into gel 

formulations can accelerate wound contraction, 

promote collagen synthesis, enhance 

epithelialization, and reduce the risk of infection. 

Polyherbal gels containing Lagenaria siceraria 

and Raphanus sativus extracts may offer 

synergistic therapeutic effects due to the combined 

action of their phytochemical constituents. 

7.7 Summary 

Herbal gels are effective topical drug delivery 

systems that combine the advantages of medicinal 

plant extracts with modern pharmaceutical 

technology. Carbopol-based gels are particularly 

suitable for wound-healing applications due to 

their stability, spreadability, and patient 

acceptability. The incorporation of antioxidant and 

antimicrobial plant extracts into gel formulations 

provides localized therapeutic action, making 

herbal gels a promising approach for the 

management of wounds and skin disorders. 

8. Comparative Analysis of Published Wound-

Healing Studies 

8.1 Introduction 

Wound healing is a complex biological process 

involving inflammation, tissue proliferation, 

collagen synthesis, angiogenesis, and remodeling. 

Numerous medicinal plants have been investigated 

for their ability to accelerate wound repair due to 

their antioxidant, antimicrobial, and anti-

inflammatory properties. Among these, Lagenaria 

siceraria and Raphanus sativus have demonstrated 

promising wound-healing potential. This chapter 

summarizes and compares published studies 

evaluating their effectiveness in wound 

management. 

8.2 Wound-Healing Activity of Lagenaria 

siceraria 

Several experimental studies have reported that 

extracts of Lagenaria siceraria promote wound 

healing through antioxidant and anti-inflammatory 

mechanisms. The presence of flavonoids, phenolic 

compounds, tannins, and triterpenoids contributes 

to enhanced collagen formation, fibroblast 

proliferation, and tissue regeneration. 

Reported effects include: 

• Faster wound contraction 

• Reduced inflammation 

• Increased collagen deposition 

• Enhanced epithelialization 

These activities are primarily attributed to the 

plant’s ability to neutralize free radicals and 
protect damaged tissues from oxidative stress. 

8.3 Wound-Healing Activity of Raphanus 

sativus 

Studies on Raphanus sativus have demonstrated 

significant wound-healing effects associated with 
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its rich content of glucosinolates, isothiocyanates, 

flavonoids, and phenolic compounds. 

Reported pharmacological actions include: 

• Antioxidant protection 

• Antimicrobial activity 

• Promotion of fibroblast growth 

• Enhanced tissue regeneration 

• Improved collagen synthesis 

The antimicrobial activity of radish extracts is 

particularly beneficial in preventing wound 

infections and supporting normal healing 

progression. 

8.4 Comparative Analysis of Published Studies 

Table 10.1 Comparative Summary of Wound-Healing Studies 

Plant Major Active Constituents Reported Activities Wound-Healing Outcome 

Lagenaria 
siceraria 

Flavonoids, phenolics, 
tannins 

Antioxidant, anti-
inflammatory 

Faster wound contraction and 
epithelialization 

Raphanus 
sativus 

Glucosinolates, 
isothiocyanates, flavonoids 

Antioxidant, 
antimicrobial 

Enhanced tissue repair and 
collagen formation 

Aloe vera Polysaccharides, vitamins Moisturizing, anti-
inflammatory 

Improved wound closure 

Centella 
asiatica 

Asiaticosides Collagen stimulation Accelerated wound healing 

Curcuma longa Curcumin Antioxidant, anti-
inflammatory 

Reduced inflammation and 
improved repair 

Comparative findings suggest that both Lagenaria 

siceraria and Raphanus sativus exhibit wound-

healing activity comparable to other well-

established medicinal plants traditionally used for 

wound management. 

8.5 Polyherbal Approach in Wound Healing 

Recent studies indicate that combining medicinal 

plants can produce synergistic therapeutic effects. 

Polyherbal formulations containing Lagenaria 

siceraria and Raphanus sativus may provide 

multiple benefits, including: 

• Enhanced antioxidant activity 

• Improved antimicrobial protection 

• Better control of inflammation 

• Increased collagen synthesis 

• Faster wound contraction 

The combined action of phytochemicals from both 

plants may result in greater efficacy than 

individual extracts. 

8.6 Comparison with Standard Treatments 

Standard wound-healing agents such as Povidone-

Iodine, Nitrofurazone, and Framycetin are 

commonly used for infection control and tissue 

repair. Published studies indicate that herbal 

formulations rich in flavonoids and phenolic 

compounds can produce wound-healing effects 

comparable to standard treatments, particularly in 

terms of: 

• Wound contraction rate 

• Epithelialization period 

• Collagen formation 
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• Reduction of microbial load 

Although herbal formulations may not completely 

replace conventional therapies, they represent 

promising complementary or alternative treatment 

options. 

8.7 Summary 

Published evidence demonstrates that Lagenaria 

siceraria and Raphanus sativus possess significant 

wound-healing potential due to their antioxidant, 

antimicrobial, and anti-inflammatory activities. 

Comparative studies suggest that both plants 

promote wound contraction, collagen synthesis, 

and tissue regeneration. Furthermore, polyherbal 

formulations combining these extracts may offer 

synergistic benefits and provide an effective 

natural approach for wound management. 

Continued research, including clinical studies, is 

necessary to further validate their therapeutic 

potential. 

Research Gaps 

Despite considerable progress in understanding 

the pharmacological properties of Lagenaria 

siceraria and Raphanus sativus, several 

limitations remain that restrict their widespread 

therapeutic application in wound management. 

Lack of Standardization 

One of the major challenges is the absence of 

standardized extraction procedures and 

phytochemical profiling. Variations in 

geographical location, cultivation practices, 

harvesting conditions, and extraction methods can 

significantly influence the concentration of 

bioactive constituents, leading to inconsistent 

therapeutic outcomes. 

Limited Mechanistic Studies 

Although antioxidant, antimicrobial, and wound-

healing activities have been reported, the precise 

molecular mechanisms responsible for these 

effects are not fully understood. More studies are 

required to investigate the role of specific 

phytochemicals in regulating growth factors, 

cytokines, collagen synthesis, angiogenesis, and 

cellular signaling pathways involved in wound 

repair. 

Insufficient Toxicological Evaluation 

Most published studies focus primarily on 

efficacy, while comprehensive toxicity and safety 

assessments remain limited. Long-term toxicity 

studies, dermal irritation studies, and allergenicity 

evaluations are essential before clinical 

application. 

Limited Clinical Evidence 

The majority of available data are derived from in 

vitro experiments and animal models. Well-

designed clinical trials involving human subjects 

are necessary to establish safety, efficacy, dosage 

regimens, and therapeutic outcomes under clinical 

conditions. 

Formulation Challenges 

Although herbal gels have shown promising 

results, further optimization is required to improve 

stability, bioavailability, drug release 

characteristics, and shelf life. Standardized 

formulation strategies are necessary to ensure 

reproducible therapeutic performance. 

Future Directions 

Future research should focus on: 

• Isolation and characterization of active 

phytoconstituents responsible for wound-

healing activity. 
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• Molecular studies investigating antioxidant, 

anti-inflammatory, and tissue-regenerative 

mechanisms. 

• Development of advanced topical delivery 

systems such as nanogels, hydrogel dressings, 

and controlled-release formulations. 

• Histopathological and biochemical studies to 

evaluate collagen deposition and tissue 

remodeling. 

• Long-term safety and toxicity assessments. 

• Large-scale randomized clinical trials to 

validate therapeutic efficacy in humans. 

• Standardization of extraction methods and 

quality control parameters. 

• Exploration of synergistic effects in 

polyherbal formulations. 

The integration of modern pharmaceutical 

technologies with traditional herbal medicine may 

lead to the development of effective, safe, and 

affordable wound-healing products. 

CONCLUSION 

Wound healing is a complex biological process 

that requires coordinated regulation of 

inflammation, oxidative stress, microbial control, 

tissue proliferation, and remodeling. Medicinal 

plants have gained considerable attention as 

alternative therapeutic agents due to their diverse 

pharmacological activities and favorable safety 

profiles. 

The present review highlights the phytochemical 

composition and therapeutic potential of 

Lagenaria siceraria and Raphanus sativus in 

wound management. Both plants are rich sources 

of bioactive compounds including flavonoids, 

phenolic compounds, tannins, saponins, 

glucosinolates, isothiocyanates, and other 

secondary metabolites that contribute significantly 

to antioxidant, antimicrobial, and anti-

inflammatory activities. 

Published studies demonstrate that these 

phytochemicals play important roles in reducing 

oxidative stress, preventing microbial infection, 

promoting collagen synthesis, enhancing 

fibroblast proliferation, and accelerating tissue 

regeneration. Comparative analyses further 

indicate that polyherbal combinations of 

Lagenaria siceraria and Raphanus sativus may 

provide synergistic therapeutic effects, resulting in 

improved wound-healing outcomes. 

The incorporation of these plant extracts into 

topical gel formulations offers several 

pharmaceutical advantages, including ease of 

application, improved patient compliance, 

localized drug delivery, and enhanced therapeutic 

efficacy. Carbopol-based herbal gels have shown 

promising physicochemical properties and wound-

healing potential. 

Overall, the available scientific evidence supports 

the potential use of Lagenaria siceraria and 

Raphanus sativus as valuable natural resources for 

the development of novel wound-healing 

formulations. However, further standardization, 

mechanistic studies, and clinical investigations are 

required to establish their full therapeutic potential 

and facilitate their translation into evidence-based 

pharmaceutical products. 

ACKNOWLEDGEMENT 

I express my sincere gratitude and deep sense of 

respect to my esteemed guide, Dr Deepesh Lall, 

Associate Professor, LCIT School of Pharmacy, 

Bilaspur, Chhattisgarh, for his valuable guidance, 

constant encouragement, scholarly suggestions, 



Anjali Rajput, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 3159-3190 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3189 | P a g e  

and continuous support throughout the completion 

of this research work. His inspiring supervision 

and motivation greatly contributed to the 

successful accomplishment of this study. I would 

also like to express my heartfelt thanks to the 

Principal, faculty members, and staff of LCIT 

School of Pharmacy for providing the necessary 

facilities, laboratory support, and academic 

environment required for carrying out this research 

work successfully. 

I am grateful to Chhattisgarh Swami Vivekanand 

Technical University for providing the opportunity 

to undertake this research work as a part of the 

Master of Pharmacy programme. 

I would like to acknowledge my friends and 

classmates for their encouragement, cooperation, 

and valuable support during the course of this 

work. Finally, I express my deepest gratitude to 

my parents and family members for their 

unconditional love, blessings, patience, and moral 

support, without which this work would not have 

been possible. 

Funding Statement 

The present research work was carried out without 

receiving any specific grant or financial assistance 

from any government agency, commercial 

organization, or funding body. The study was 

conducted using the facilities available at LCIT 

School of Pharmacy as a part of academic research 

work for the award of the degree of Master of 

Pharmacy. 

Conflict of Interest 

The author declares that there is no conflict of 

interest regarding the publication of this research 

work. The research was conducted purely for 

academic and scientific purposes without any 

commercial or financial relationships that could 

influence the outcomes of the study.  

REFERENCES 

1. Boateng J, Matthews KH, Stevens HN, 

Eccleston GM. Wound healing dressings 

and drug delivery systems: a review. J 

Pharm Sci. 2008;97(8):2892–2923. 

2. Guo S, Dipietro LA. Factors affecting 

wound healing. J Dent Res. 2010;89(3):219–
229. 

3. Rodrigues M, Kosaric N, Bonham CA, 

Gurtner GC. Wound healing: a cellular 

perspective. Physiol Rev. 2019;99(1):665–
706. 

4. Velnar T, Bailey T, Smrkolj V. The wound 

healing process: an overview of cellular and 

molecular mechanisms. J Int Med Res. 

2009;37(5):1528–1542. 

5. Martin P. Wound healing: aiming for perfect 

skin regeneration. Science. 

1997;276(5309):75–81. 

6. Eming SA, Martin P, Tomic-Canic M. 

Wound repair and regeneration. Sci Transl 

Med. 2014;6(265):265sr6. 

7. Nait Mohamed FA, Laraba-Djebari F. 

Oxidative stress and wound healing. Int J 

Mol Sci. 2021;22(15):8019. 

8. Sagar BP, Kumar M, Chaturvedi PK. 

Phytochemical and pharmacological review 

of Lagenaria siceraria. Int J Pharm Sci Rev 

Res. 2010;5(3):146–150. 

9. Milind P, Satbir K. Is bottle gourd a natural 

guard? Int Res J Pharm. 2011;2(6):13–17. 

10. Upaganlawar A, Balaraman R. 

Cardioprotective effects of Lagenaria 

siceraria. Indian J Exp Biol. 

2011;49(5):327–333. 

11. Deshpande JR, Choudhari AA, Mishra MR, 

Meghre VS, Wadodkar SG, Dorle AK. 

Beneficial effects of Lagenaria siceraria in 



Anjali Rajput, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 3159-3190 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3190 | P a g e  

cardiovascular disorders. Pharmacogn Rev. 

2008;2(4):307–311. 

12. Yadav JP, Kumar S. Antioxidant potential of 

Lagenaria siceraria extracts. Asian J Pharm 

Clin Res. 2012;5(4):102–106. 

13. Sharma A, Verma R. Phytochemical 

investigation of Lagenaria siceraria. Int J 

Pharm Pharm Sci. 2013;5(2):12–18. 

14. Beevi SS, Narasu ML, Gowda BB. 

Polyphenolics profile and antioxidant 

activity of bottle gourd. Food Chem. 

2010;123(4):1047–1052. 

15. Goyal BR, Patel MM, Patel LJ. 

Pharmacognostic evaluation of Lagenaria 

siceraria. Int J Pharm Sci Drug Res. 

2009;1(1):24–31. 

16. Banihani SA. Radish (Raphanus sativus) and 

health. Avicenna J Phytomed. 

2017;7(3):195–209. 

17. Beevi SS, Mangamoori LN, Gowda BB. 

Polyphenols and antioxidant properties of 

Raphanus sativus. Food Chem. 

2012;133(3):1202–1208. 

18. Lugasi A, Hóvári J. Antioxidant properties 

of radish extracts. Acta Aliment. 

2000;29(4):313–320. 

19. Kim SJ, Ishii G. Glucosinolates and 

antioxidant activity in radish cultivars. J 

Agric Food Chem. 2006;54(19):7263–7269. 

20. Sharma KD, Karki S, Thakur NS, Attri S. 

Chemical composition and medicinal 

importance of radish. J Food Sci Technol. 

2012;49(1):1–10. 

21. Priya K, Gnanamani A, Radhakrishnan N, 

Babu M. Wound healing properties of herbal 

formulations. J Ethnopharmacol. 

2002;83(3):193–199. 

22. Mukherjee PK. Quality Control of Herbal 

Drugs. 2nd ed. New Delhi: Business 

Horizons; 2007. 

23. Kokane DD, More RY, Kale MB, Nehete 

MN, Mehendale PC, Gadgoli CH. 

Evaluation of wound healing activity of 

herbal formulations. Fitoterapia. 

2009;80(3):148–153. 

24. Nayak BS, Pereira LP. Catharanthus roseus 

and wound healing. BMC Complement 

Altern Med. 2006;6:41. 

25. Agyare C, Asase A, Lechtenberg M, 

Niehues M, Deters A, Hensel A. Evaluation 

of wound healing activity of medicinal 

plants. J Ethnopharmacol. 2009;125(3):393–
403. 

 

HOW TO CITE: Anjali Rajput, Dr. Deepesh Lall, Dr. 

Ritesh Jain, Polyherbal Wound Healing Potential of 

Lagenaria siceraria and Raphanus sativus: 

Phytochemistry, Pharmacological Activities, and 

Topical Gel Drug Delivery Systems – A Comprehensive 

Review, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 3159-

3190. https://doi.org/10.5281/zenodo.20662040 


