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                                             ABSTRACT 

  

 At present, diabetes affects over 425 million people worldwide. Foot ulcer is 

a wound that occurs approximately 15% patient with diabetes and commonly 

located on the bottom of the foot. Wound healing remains a critical medical 

challenge, necessitating the development of innovative therapies. In this project, 

my aim is to develop an herbal based healing Nano gel for this foot ulcer. Ocimum 

Sanctum and Carica Papaya responsible for anti-bacterial and anti- oxidant 

activity. Synthesis of silver nanoparticles was carried out using the both extracts. 

Reduction of Ag+ ions in solution were monitored using UV– visible absorption 

spectroscopy, and the corresponding surface plasmon resonance of AgNPs at 

460 nm. The solution changed color from green to reddish-brown upon bio 

reduction of silver nitrate in Ocimum Sanctum and Carica Papaya extract.  The 

Nano gel product was characterized by UV-vis spectroscopy, X-ray diffraction, 

and transmission Electron Microscopy, Invitro scratch assay techniques. This 

study aimed to formulate and evaluate an herbal-based Nano gel for its efficacy 

in promoting wound healing. The results showed that the plant has strong 

antibacterial action against Escherichia coli, Staphylococcus aureus 13, 

Staphylococcus aureus 23.  Finally, Ocimum Sanctum (Tulsi) and Carica Papaya 

(Papaya) showed that extract can be used to efficiently, quickly, and simply create 

silver nanoparticles with strong antibacterial qualities. the XRD pattern that the 

crystalline quality of the silver nanoparticles produced by Combination 1:4 extract 

and TEM micrographs shows clear  particle size of AgNPs is 10 nm. At the 

maximum treatment concentration of Combination 1:4 extract, the percentage 

vitality of (3T3-L1) cells was observed to be 98.70% and the minimum treatment 

concentration was observed to be 56.40% in the invitro scratch assay. The Nano 

gel was prepared using a combination of potent medicinal herbs known for their 

wound healing properties.  

 

  Keywords: Anti-bacterial; Anti- oxidant and Wound healing 
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CHAPTER-1 

 

INTRODUCTION 

1.1 DIABETES MELLITUS 

 

           Diabetes mellitus is a condition that impairs the body's capacity to produce 

or utilize insulin. The hormone insulin, which is generated by the pancreas, aids in 

the movement of blood sugar, or glucose, from the circulation into the cells where it 

may be broken down and utilized as energy. Insulin is essential to human survival. 

A person with diabetes has abnormal blood glucose levels. Serious short- and long-

term effects, such as heart disease, amputations, and brain damage (American 

Diabetes Association, 2007). 

         Globally, diabetes mellitus affects over 422 million people and is thought to be 

the cause of 2 million deaths annually (GBD 2019 Diabetes in the 

AmericasCollaborators,2022). Insulin secretion may be reduced, insulin activity may 

be impaired, or both may be the cause of the hyperglycaemic condition that 

characterizes diabetes, a metabolic syndrome. Globally, diabetes affected at least 

171 million people in 2000, according to the World Health Organization, and 

because the disease is becoming more and more common, it is predicted that by 

2030, the number will have doubled. The current global diabetes mellitus rate is 382 

million, which accounts for 8.9% of the total population (International Diabetes 

Federation ,2013). 

         In poor countries as opposed to industrialized ones, diabetes prevalence is 

higher. About 61.2 million Indians suffer from diabetes, and by 2030, that number is 

predicted to rise to 101.2 million (Whiting et al.,2011). Diabetes patients' 

dysregulated metabolism is associated with secondary pathophysiological effects 

on multiple organ systems, which places a significant strain on the healthcare 

system. Diabetic problems are linked to numerous complex issues (International 

Diabetes Federation, 2012). These include retinopathy, neuropathy, 

atherosclerosis, nephropathy and foot ulcers (Grunfeld ,1991). 
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     Fig 1.1: Diabetes mellitus complications 

 
1.2 DIABETIC FOOT ULCER 

                      One of the most frequent side effects of uncontrolled diabetes mellitus 

is diabetic foot ulcers (DFU). It frequently results from peripheral vascular disease, 

inadequate foot care, underlying neuropathy, or poor glycaemic management. It is 

also a frequent cause of lower limb amputations and foot osteomyelitis. These ulcers 

typically occur in foot regions that experience pressure and repetitive damage 

(Singer et al.,2018). 20% to 40% of health care resources are used to treat diabetic 

foot infections, indicating that complications from foot ulcers are the primary cause 

of hospitalization and amputation in individuals with diabetes. They also result in 

large health care expenses. What the World Health Organization refers to as 

"ulceration of the foot associated with the neuropathy and different grades of 

ischemia and infection" is diabetic foot infection (Tuttolomondo et al.,2015). Foot 

conditions include ulcers, infections, and illnesses that result in hospitalization for 

patients with diabetes mellitus.  
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                    At some point throughout their diabetic treatment, 15 to 20 percent of 

the 16 million Americans who are projected to have diabetes mellitus will require 

hospitalization due to foot syndrome. Unfortunately, a significant number of these 

individuals may need to have their feet and ankles amputated due to peripheral 

ischemia or serious infections. One of the risk factors for ulcers and amputations is 

neuropathy. Millions of dollars are spent on direct medical costs due to diabetic foot 

problems, which also result in extended hospital stays and periods of disability. The 

ulceration, damage, and deformity of the diabetic foot are the most typical lesions 

(Frykberg, 2012). 

 

 

                                               Fig 1.2: Diabetic foot ulcer 
 
1.3 USE OF MEDICINAL HERBS IN TRADITIONAL MEDICINE FOR DIABETIC 

FOOT ULCERS 

                  Traditionally, medical plants have been used to treat inflammation, 

burns, ulcers, and surgical wounds for over 5,000 years. This includes the Egyptians 

and indigenous peoples of Africa, Asia, the Americas, and Rome. Numerous 

naturally occurring bioactive substances found in them aid in accelerating the 

healing process of wounds and promote tissue regeneration at the wound site. By 

supplying various essential elements (vitamins, proteins, and minerals) needed at 

different phases of wound regeneration and proliferation, the herbs also speed up 

tissue repair. 
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          It has also been discovered that herbal remedies are more affordable and 

safer than allopathic ones. The potential use of herbs and their mechanisms provide 

alternative treatment for DFUs (Radhakrishna et al.,2014). 

1.3.1 Ocimum Sanctum (Tulsi) 

       Ocimum tenuiflorum, commonly known as Ocimum sanctum, Tulsi, or Holy 

Basil, has been referred to as the "Queen of plants" and the "mother medicine of 

nature." Tulsi aqueous extracts are used to cure a variety of illnesses, including as 

heart disease, inflammation, stomachaches, headaches, malaria, and common 

colds. It has been suggested that Tulsi oil, which is extracted from the leaves and 

inflorescence, has many beneficial qualities. These include anti-inflammatory and 

stress-relieving effects; anti-asthmatic, hypoglycemic, hepatoprotective, 

hypotensive, hypolipidemic, and immunomodulatory effects (Pattanayak et 

al.,2010). 

I. Antimicrobial activity 

        Tulsi contains antibacterial properties that work against a variety of infections. 

It can be used as a mouthwash, to treat wounds, and to preserve food. Mosquitoes 

can be killed using tulsi, which also has antibacterial, antiviral, antifungal, 

antiprotozoal, and antimalarial properties  

        In addition to having antioxidants, it also functions as an anti-inflammatory, 

anti-cataract, and radiation protector. It also benefits the liver, nerves, and heart, 

acts as an anti-cancer agent, fortifies the immune system, central nervous system, 

and memory, and treats thyroid and asthma. It also resolves problems related to 

infertility (Yamani et al.,2016). 

ii.Benefits  

• Tulsi's combination of antiviral, antifungal, antibacterial, and antifungal 

qualities have led to its usage in treating wounds and infections. 

•  Additionally, it contains anti-inflammatory qualities that aid in lowering 

swelling and hastening the healing of wounds. 
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• Tulsi helps hasten the healing of wounds and strengthen the tissue that 

breaks them. Tulsi has also been demonstrated to have anti-ulcer and ulcer-

healing properties. 

iii.Application 

          Tulsi is utilized in animal husbandry, wound healing, food preservation, the 

preservation of herbal raw materials, mouthwash, water purification, and traveler 

health. 

1.3.2 Carica papaya (papaya) 

         Carica papaya is known by several distinct names, including tapaya, paw paw, 

and kepaya. It has the digestive enzyme papain, which is also used to heal ulcers 

and certain microbial illnesses. At greater dosages, papain is particularly efficient 

against gram-negative bacteria. Benzyl isothiocyanate, a compound with 

bactericidal, bacteriostatic, and fungicidal activities, is present in papaya fruit 

extract. Numerous scientific investigations have been conducted to identify and 

evaluate the bioactive components found in papaya leaves. It may have 

antibacterial, antiviral, hypoglycemic, and anticancer effects since they include 

alkaloids, saponin, tannin and glycosides, according to the photochemical analysis 

(Nugroho et al.,2017). 

 

I. Antimicrobial activity 

        Gram-positive and gram-negative organism growth is inhibited by the 

antibacterial activity found in carica papaya fruit. The behavior that was seen was 

unaffected by the fruit's mature state. Proteolytic enzymes of papaya, papain and 

chymopapain are helpful decrease in the inflammation. The antibacterial 

properties of carica papaya may be helpful in the treatment of chronic skin ulcers, 

aiding in their healing process. Strong therapeutic qualities including antibacterial, 

antiviral, anticancer, hypoglycemic, and anti-inflammatory action are present in 

papaya leaf extract (Singh et al.,2020). 
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ii.Benefits  

 

• Plant-based antioxidants and beneficial enzymes abound in papaya. These 

ingredients have the ability to cleanse the skin's surface of impurities such as 

tissues, dead and damaged cells, and debris. 

• Papaya has been used as a natural remedy for scars, burns, and other 

skin disorders. Papaya enzymes exfoliate dead skin cells and remove 

pollutants from the skin.  

• Direct application of papaya pulp to the affected skin region can help you 

to treat skin conditions such as eczema and psoriasis. It can also help to 

alleviate itching and redness. 

 

iii.Application 

             The papaya tree is a fruit tree with significant economic value and a wealth 

of different nutrients and antioxidants that are good for human health. Papaya is a 

strong source of enzymes like papain and chymopapain and contains vitamins A 

and C. These two enzymes are employed in the food and pharmaceutical industries. 

1.4 SILVER NANOPARTICLE (AGNPS) 

                      Since metal nanoparticles are thought to be able to bridge the gap 

between bulk and atomic dimensions, they are of tremendous scientific interest. 

High reactivity to nanoparticles is provided by their high surface area, adjustable 

particle size, and shape. The noble metal nanoparticles Ag, Au, Pd, and Pt have 

been examined the most in the literature that is currently available. Silver is one of 

the reported noble metal nanoparticles that has been studied in great detail and is 

of particular interest to the biological and medical sciences. Because of their non-

toxicity to humans, silver nanoparticles are a preferred choice for their antibacterial, 

antiviral, anticancer, antifungal, and anti-inflammatory properties due to their 

chemical stability and catalytic impact. Research on silver nanoparticles has been 

conducted in many different areas, including metallic inks, catalysis, sensing, and 

medicine (Chen X et al, 2010). 
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The most common four oxidation states of silver are Ag0, Ag1+, Ag2+, and Ag3+. 

Among these, Ag3+ exhibits instability in aquatic settings.  The acute toxicity of silver 

in the environment is contingent upon the presence of free silver ions. According to 

research (WHO, 2002), the amounts of Ag+ ions are insufficient to be harmful. Many 

consumer goods, including food containers, cosmetics, medical equipment, textiles, 

and cosmetics, integrate silver nanoparticles into their composition (Risks, 2002). 

Ag nanoparticles can be produced by a variety of techniques, such as chemical, 

physical, and biological ones. The chemical synthesis approach, which uses a range 

of organic and inorganic reducing agents, is one of the most well-reported ways. 

The use of ecologically friendly green measures to prevent dangerous and harmful 

items from entering the environment is becoming more and more popular (Reidy et 

al.,2013). 

 

1.4.1 Benefits 

• Localized and systemic inflammation are both suppressed by silver 

nanoparticles. Wound healing involves the inflammatory response in a 

significant way. Different inflammatory mediators are released to modify the 

wound-healing process. 

• AgNPs has antibacterial and anti-inflammatory qualities that aid in the healing 

of chronic wounds, AgNPs can also be utilized as an intrinsic therapeutic 

strategy. 

 

1.4.2 Advantages  

 

Silver nanoparticles have been proven to exhibit  

 

• excellent electrical conductivity,  

• chemical stability,  

• catalytic and  

• antimicrobial properties, as well as  

• cytotoxic effects on cancer cells. 
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1.43 Application  

            

                       Silver nanoparticles' antibacterial properties have been utilized to 

limit the growth of bacteria in a range of settings, such as dentistry, surgery, the 

treatment of burns and wounds, and biomedical equipment. It is commonly known 

that bacteria are extremely poisonous to silver ions and compounds based on silver. 

 

1.5 GEL FORMATION 

 

• Gel is a significant advancement in treatment for diabetic neuropathic foot 

ulcers that have a sufficient blood supply. Studies using randomized 

controlled trials have demonstrated its efficacy in speeding up the healing 

process.  

• Materials for dressing wounds serve as a barrier to keep infections out 

while the wound heals. These substances need to be biocompatible. 
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CHAPTER-2 

                          REVIEW OF LITERATURE 

2.1 DIABETIC FOOT ULCER  

                  Evaluating the frequency of diabetic foot ulcers and risk variables among 

individuals with diabetes. 198 patients with diabetes participated in a quantitative 

cross-sectional study that took place at Tikur Anbessa Specialized Hospital between 

April 1 and May 1, 2017. The selection of respondents was done by ordinary random 

sampling. In the research area, diabetes patients had a prevalence of DFU of 

20.7%. Factors that were substantially linked with DFU were occupation (AOR = 

8.16; 95% CI: 1.2–9.5) and place of residence (AOR = 5.97; 95% CI: 1.47–24.3). 

This study's DFU prevalence among diabetes individuals was 20.7%. The 

occupation and residential location were linked to DFU. Patient education regarding 

foot hygiene could lower the frequency of DFU (Yimam et al.,2021). 

              About 15% of people with diabetes may eventually get DFU, and between 

14% and 24% of them will need to have their ulcerated foot amputated because of 

problems connected to bone infections or other ulcer-related issues. The three 

pathologic mechanisms that underlie DFU are neuropathy, vascular insufficiency, 

and subsequent infection brought on by foot trauma. Reducing morbidity, 

amputations, and death from DFU is made possible by a combination of cutting-

edge techniques such as stem cell treatment and conventional local and invasive 

care. The pathogenesis, preventative measures, and final management of DFU are 

the main topics of our review of the recent research in this work (Raja et al.,2023). 

 

2.1.1 Risk factors of DFU 

Risk factors for foot ulcers in patients with diabetes include: 

 • Amputation 

 • History of a foot ulcer 

 • Foot deformity 

 • Peripheral vascular disease 
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2.1.2 Sign & Symptoms  

• Swelling, discoloration, and warmth on every side of the wound  

• Pain and firmness 

 • Callused or thickened skin around the ulcer  

• Fever and chills in stages of foot ulcers 

2.1.3 Causes  

• Poor circulation of blood 

 • High blood sugar level 

 • Nerve damage 

 • Irritated or wounded feet  

 

2.2 FACTORS AFFECTING WOUND HEALING 

 

                 After a physical, chemical, thermal, microbial, or immunological insult, a 

wound results in a disruption of the cellular, anatomical, and functional integrity of 

the skin. This is followed by a disruption of the structure and function of the normal 

tissue beneath the wound. The fundamental reaction to wound healing is a 

connective tissue restoration process that is comprised of four overlapping phases: 

hemostasis, inflammation, proliferation, and remodelling. To facilitate the repair 

process, various cells, growth factors, and cytokines must be coordinated. 

 

              The process of wound healing involves the interplay of numerous cellular 

and biochemical processes that work together to restore the structural and 

functional integrity of wounded tissues while also enhancing their strength. 

Factors that affect wound healing are discussed below- 
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I. Location of wound  

 

• wound infections frequently result in poor wound healing, the location of the 

wound plays a significant role in the healing process.  

• A number of bacteria, including Staphylococcus aureus and Pseudomonas 

aeruginosa, can cause wound infections. Studies have indicated that S. 

aureus is the primary pathogen linked to diabetic foot infections. 

ii. Immune state 

• Patients with diabetes experience several immune system dysfunctions. 

Polymorphonuclear leukocyte activity has been shown to be diminished, 

especially in the presence of acidosis.  

• Leukocyte adherence, chemotaxis, and phagocytosis may all be adversely 

affected in diabetic states, which may lead to a delay in wound healing. 

• Diabetes patients' wounds are more prone to infection because their 

antioxidant systems, which are involved in bactericidal activity, may be 

compromised. 

iii.Age 

• The process of wound healing appears to be correlated with an individual's 

age. Age appears to be a factor in the healing of wounds.  

• This may be because older individuals have less fibroblast activity and 

growth, while older individuals who have been damaged also have decreased 

collagen synthesis and wound contraction. 

iv.State of disease  

• In the early stages of diabetic foot infections, S. aureus and beta-hemolytic 

streptococci are treated as pathogens.  

• According to these findings, diabetic women get bacterial infections more 

frequently than non-diabetic women.  

• Patients with diabetes appear to be more vulnerable to wound infections. 

According to this analysis, diabetic patients had a greater incidence of wound 

infection (11%) than did patients in general. 
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v. Reactive oxygen species (ROS) 

              A high ROS concentration may cause significant tissue damage, which 

may then result in neoplastic transformation and impede the healing process by 

damaging cells, DNA, proteins, and lipids (Oluwafemi & Oguntibeju, 2019). 

2.3 OCIMUM SANCTUM (TULSI) 

• Family & location 

              Ocimum sanctum L., a member of the Labiatae family, is an herb 

that is mainly native to tropical and subtropical Asia. It is frequently referred 

to as "holy basil" in English and Tulsi in nearly all Indian languages. It is 

currently grown and naturalized in various tropical regions  

• Special name 

             Tulsi, or Ocimum sanctum L., is well known as the "Queen of herbs" 

and the "Elixir of life." 

• Active Components 

           Major constituents include cineol, anethol, estragol, thymol, citral, 

camphor, linolen, ocimene, pinene, methyl chavicol, and eugenol (Srivastava 

et al, 2023) 

• Morphology 

         The erect, heavily branched sub-shrub Ocimum sanctum L., also 

known as Tulsi, grows to a height of 30 to 60 cm. It has hairy stems and 

simple, opposite, intensely scented green or purple leaves. Petioles are 

present on oval, up to 5 cm long leaves that are typically somewhat serrated. 

Purple flowers grow in tight whorls of elongated racemes. 

• Therapeutic potential Activities 

         Antistress, Antiviral, Antifertility, Antihelminthic, Immunomodulatory, 

Anti-inflammatory, Antioxidative, Antimicrobial, Anticancerous, and 

Antidiabetic. 

• Wound healing activity 

        By improving the production of connective tissue and antioxidant status 

while lowering blood glucose, free radicals, and myeloperoxidase, ocimum 

sanctum appears to aid in wound healing. 
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2.3.1 Ocimum Sanctum extract 

             The effects of a 50% ethanol extract of Ocimum sanctum (OSE) on wound 

healing examined in diabetic rats that have concomitant wound ulcers that have 

been induced with streptozotocin (45 mg/kg).  They came to the conclusion that 

studying dead space wounds in diabetic patients and observing various histological, 

physiologic, and metabolic data demonstrated the ability of Ocimum Sanctum's 50% 

ethanol to promote wound healing. Reduced blood sugar, tissue damage caused by 

free radicals, encouraging effects on antioxidant status, quicker collagen deposition, 

and other formations appeared to be the cause of the healing effects (Manish Kumar 

Gautam & Raj Kumar Goel, 2013). 

           A green synthesis of titanium dioxide (TiO2) nanoparticles (NPs) mediated 

developed by Ocimum sanctum leaf extract, which they then incorporated into a 2% 

chitosan (CS) gel for the purpose of healing diabetic wounds. The TiO2 NPs 

containing CS gel demonstrated the desired thixotropic properties with 

pseudoplastic behaviour. TiO2 NPs with CS gel showed remarkable wound-healing 

efficacy in diabetic rats as evidenced by in vivo wound healing tests and histological 

analyses of treated wounds. Ocimum sanctum aqueous leaf extract was found to 

be important in the creation of NPs by FTIR analysis (Ahmad et al., 2022). 

          Medicinal potential of alcoholic basil extract in the healing of diabetic rabbit 

wounds. The injured control group of animals received povidone iodine treatment, 

while the test group received basil extract. As a result, alcoholic extract of O. 

sanctum is found to be superior to povidone iodine in preventing infections 

suggested by regular wound swab culture and clinical examination. Augmented 

wound healing is seen in the O. sanctum extract treated wounds evidenced by tissue 

architecture studies showing increased regular and compact collagen production 

with favourable collagen I to collagen III ratio (Francis et al.,2017). 

           Potential of aqueous and alcoholic extracts evaluated in the healing of 

wounds in Wistar albino rats. Five groups of six rats each were created from the 

divided rodents. The other four groups received treatments consisting of two 

different dosages of both the alcoholic and aqueous extract of O. sanctum, while 

Group 1 received typical injured control. (Shetty et al.,2008). 
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         The effects of Ocimum sanctum leaf hydro-alcoholic extract evaluated on 

wound healing, oxidative stress, and renal epithelial cell damage. Calcium oxalate 

monohydrate crystals were used to harm renal epithelial cells (Vero cells), and the 

injured cells were subsequently treated with Ocimum Sanctum extract. They 

conclude that Ocimum sanctum leaf hydro-alcoholic extract has substantial 

cytoprotective, antioxidant, and wound-healing properties and may be useful in 

kidney stone prevention and therapy (Faujdar & Priyadarshini, 2021). 

 

2.4 CARICA PAPAYA (PAPAYA) 

• Family & location 

               The Carica papaya, also referred to as pawpaw, is an herbaceous 

succulent plant in the Caricaceae family. Although it originated in the 

American tropics, it is currently widely grown in various tropical regions of the 

world for its year-round edible melon-like fruit. 

• Special name  

             Papye, pawpaw, lapaya, tapayas, and kapaya  

• Morphology 

            With a single, unbranched trunk, it typically grows for five to ten years. 

Up to 75 cm in diameter, the palmately lobed leaves are supported by long, 

hollow petioles.  

The blades include five to nine primary segments, and the yellowish ribs and 

veins are quite noticeable. On inflorescences that emerge in the leaf axils, 

flowers are born. The fruit is typically round or long, shaped like a melon, and 

can have up to 1000 seeds. When ripe, the smooth, green skin turns yellow 

or orange. 

• Active Components 

         The compounds that may be responsible for therapeutic activity include 

flavonoids, alkaloids, glycosides, tannins, saponins, and glycosides (Hamed 

et al, 2022) 

• Therapeutic potential Activities 

        Antibacterial, Antiviral, Antitumor, Antidiabetic, Anti-inflammatory and 

management of neurodegeneration 
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• Wound healing activity 

       Papain, a proteolytic enzyme derived from the fruit of Carica papaya, is 

a potent digestant of nonviable protein matter. At the same time, it is harmless 

to viable tissue. It is effective in removing dead cells, preventing burn wound 

infection, defibrinating wounds. 

2.4.1 Carica papaya extract 

                 They included were all 94 patients with diabetic foot ulcers. First, the 

patient’s hyperglycemia was managed with surgical debridement, antibiotics, and 

wound care with grated papaya dressings. Every 24 hours, the dressings in this trial 

were replaced. Four patients (4.0%) required amputations, while six patients (7%) 

required additional surgical debridement. The healing process took 17 to 28 days.  

                The average recovery time was 21.56 days. Grated papaya dressings 

applied topically offer effective enzymatic wound debridement. It is less expensive, 

takes less time to heal, requires fewer surgical debridements, and lowers the risk of 

amputation (Rajaram et al.,2015). 

             Papaya dressings can be used to treat persistent ulcers in terms of cost, 

healing time, and need for additional surgery. There was no need for additional 

surgery for 120 (88.89%) patients following the initial surgical procedure and 

dressing. For additional debridement, surgery was performed on fifteen patients 

(11.11%). They concluded that Topical papaya dressing shortens healing times and 

reduces the need for surgery, giving patients with chronic ulcers a good and cost-

effective outcome (Rabari Yash et al.,2016). 

               Effectiveness of papaya and hydrogel dressings for diabetic foot ulcers. 

There were 114 patients in the general surgery department of the Mayo Hospital in 

Lahore. Patients were randomly assigned to one of two groups: group P got papaya 

dressings; group H received hydrogel dressing. In contrast, Group H consisted of 

28 (49.1%) female patients and 29 (50.9%) male patients.  
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                We compared the effectiveness of these two treatment plans using the 

Wound Assessment Tool (PWAT). According to the final “PWAT” score, hydrogel 

dressing is superior to papaya dressing in terms of effectiveness for healing diabetic 

wounds. In treating diabetic wounds, hydrogel dressing is found to be more 

beneficial than papaya dressing (Rizwan et al., 2023). 

               Enzymatic debridement using papaya and wet to dry standard saline 

dressing, which is what they use on a daily basis in their facility. The mean reduction 

in saline dressing was 13.156, with a standard deviation of 3.4558. Concluded that 

enzymatic debridement with papaya dressing plays a key role in the management 

of chronic non-healing ulcers due to its favourable and considerable ulcer healing 

rate, improvement, and reduction in clinical severity (Vasuki et al.,2017) 

               Biodegradable films with gelatin and Carica papaya extract to aid in rat 

wound healing. The methanol aqueous technique (20% methanol: 80% water) was 

used to gather and extract Carica Papaya leaves. There were notable variations 

(p<0.05) in the extract release values. In conclusion, it is advised to employ the films 

with high Carica papaya extract concentrations for wound healing applications 

because they produced encouraging in vitro findings (Elgadir & Aishah, 2013). 

 

2.5 SILVER NANOPARTICLES (AGNPS) 

                

                Assessing the capacity of microfabricated silver nanoparticles (AgNPs) to 

cure wounds was the primary objective of our investigation. Our attention has been 

directed towards creating silver nanogel for the purpose of treating wounds in albino 

Wistar rats. In the incision, excision, and burn wound-healing model, the prepared 

silver nanogel showed outstanding wound-healing activity. 

 

                 A concentration of 0.5 mg g−1 of silver nanogel demonstrated superior 

wound-healing in the incision wound-healing model; in contrast, concentrations of 

0.1 and 1 mg g−1 of silver nanogel demonstrated enhanced wound-healing in the 

excision and burn wound-healing models, respectively (Gaikwad et al.,2022). 
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                  These mechanisms are thoroughly investigated to create new 

treatments that maximize recovery while minimizing scarring. The healing 

processes are closely regulated by a number of growth hormones and cytokines 

released at the site of lesions. Topical therapies have been the standard approach 

to wound management. Because metal nanoparticles, such as those of silver, gold, 

and zinc, have positive effects on healing and can be used to cure and prevent 

secondary bacterial infections, their use in dermatology is on the rise. The present 

analysis begins with a quick overview of the typical wound healing approach before 

concentrating on the possible benefits of therapeutic wound dressing techniques 

enhanced by the use of silver nanoparticles (Singh et al.,2022). 

 

2.5.1 Ocimum Sanctum extract along with Nanoparticles (NPs) 

 

             AgNPs ranging in size from 3 to 25 nm were produced by combining 

aqueous leaf extracts from Ocimum basilicum and Ocimum sanctum This suggests 

a higher reaction rate and lower conversion energy required for the typical synthesis. 

When tested against the Bacillus stearothermophilus α-glucosidase enzyme model, 

the AGNPs derived from O. sanctum and O. basilicum showed an inhibitory effect 

at 89.31 ± 5.32% and 79.74 ± 9.51%, respectively. This suggests that their 

respective crude extracts and the control had a lower biocatalytic potential (Ramdas 

et al.,2017). 

          Tulsi leaf extract (Ocimum sanctum) was used in the production of stable 

silver nanoparticles. Within eight minutes of the reaction time, it was found that O. 

sanctum leaf extract could convert silver ions into silver nanoparticles. Based on this 

investigation, it is possible to use O. sanctum leaf extract effectively to bio reduce 

AgNO3 into silver nanoparticles with an average diameter of 14.31 ± 2.5 nm.  

                The proteins that may have served as a capping agent kept the produced 

silver nanoparticles stable, but more investigation is required to identify the potential 

biomolecule that drives the bio reduction process. Crystalline in nature, these 

nanoparticles have antibacterial properties (Singhal et al.,2011) 
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          The effects of antibacterial activity done with aqueous extract of Ocimum 

sanctum (O. sanctum)-based silver nanoparticles (AgNPs). The smooth-surfaced, 

nearly spherical to oval or rod-shaped nanoparticles have a mean particle size of 

around 55 nm and a zeta potential of -2.7 mV. AgNPs from O. sanctum was found 

to be effective in suppressing the growth of Acinetobacter baumannii (A. baumannii), 

with a zone of inhibition of 15 mm, when tested for antibacterial activity against 

clinically isolated A. baumannii (Gautam et al.,2023). 

 

2.5.2 Carica papaya extract along with Nanoparticles (NPs) 

               

                   Zinc oxide nanoparticles (ZnO NPs) synthesized using Carica 

papaya leaf extract. With different ZnO NP concentrations, the ZnO NPs were 

evaluated using the 2,2′-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) 

and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays. The results indicated scavenging 

activity with half maximum inhibitory concentrations (IC50) = 130.1 and 104.9 

µg/mLTM, respectively.  The application of ZnO NPs resulted in the greatest root 

and plant growth, as well as seed germination, as compared to the control. 

Treatment with ZnO NPs boosted the activities of catalase and superoxide 

dismutase. This implies that during seed germination, ZnO NPs may dramatically 

change antioxidant metabolism (Dulta et al., 2021). 

 

              Silver nanoparticles (AgNPs) synthesized by utilizing di-methyl 

flubendazole, a physiologically active compound that was extracted from the extract 

of Carica papaya leaves and verified by GC–MS, 1H NMR, and 13C NMR analysis. 

Against both Gram-positive and Gram-negative bacteria, AgNPs demonstrated 

strong antibacterial activity. Biosynthesized AgNPs treatment of HepG2 cells 

resulted in a G0/G1 phase (52–53.37%) blockage. Finally, it shows that the 

utilization of di-methyl flubendazole-based silver nanoparticles demonstrated a new 

and economical natural antibacterial and anticancer agent (Devanesan et al.,2021). 
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                 ZnO nanoparticles (NPs) Synthesized from fresh leaf and fresh stem bark 

aqueous extracts of Carica papaya were studied for their antibacterial activity 

against Escherichia coli, Acinetobacter baumanni, Exiguobacterium aquaticum and 

Klebsielia pneumonia. Compared to fresh leaf extracts, the average ZnO NPs from 

Carica papaya fresh stem bark extract with greater concentrations (100-1000 ppm) 

showed a stronger antibacterial action. ZnO NPs from fresh leaf extracts at lower 

concentrations (25–50 ppm), on the other hand, produced more appropriate results 

than fresh stem bark. ZnO NPs generally shown a strong antibacterial effect on the 

chosen microorganisms. This demonstrates that ZnO NP that has been produced 

can replace chemical processes (Kwaben et al.,2019). 

 

               Silver nanoparticles (AgNPs) from fresh leaf and fresh stem bark aqueous 

extracts of Carica papaya as the result of outcomes were obtained from AgNPs 

synthesized from callus when tested against the growth of fungus (Fusarium 

oxysporum and Aspergillus niger) and bacteria (Xanthomonas campestris, Erwinia 

carotovera, and Bacillus subtilis.With the greatest inhibitory zone of 19 mm against 

the bacterium Xanthomonas campestris and up to 14 mm against the fungus 

Aspergillus niger, the silver nanoparticles made from callus extract were the 

smallest and showed the most antimicrobial abilityAs a result, the best substrate for 

reducing silver nitrate solution in a 1:20 ratio to create the finest silver nanoparticles 

in a biogenic manner is callus extract (Jahangir et al.,2023). 
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CHAPTER-3 

                            AIM AND OBJECTIVE 

AIM  

           To formulate and develop herbal based Nano gel against diabetic foot 

ulcer. 

OBJECTIVE 

• Collection and extraction compounds from the plant extracts. 

• AgNPs synthesized and characterization from Ocimum Sanctum (Tulsi) and 

Carica Papaya (Papaya). 

• Antimicrobial Assay to confirm their potential. 

• Formulate the gel composition, standardize it and evaluate its physical-

chemical properties.  

• In-vitro studies to determine the efficacy of the Nano gel. 

• Nano gel is characterized by using XRD, TEM, FTIR Analysis. 
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CHAPTER-4 

                                  METHODOLOGY 

4.1 COLLECTION OF PLANT AND FRUIT MATERIAL 

              Fresh leaves of Ocimum Sanctum (Tulsi) and Fresh fruit of Carica Papaya 

(papaya) are collected from available market near Porur, Chennai, Tamil Nadu were 

used for this experiment. 

 

4.2 PREPARATION OF PLANT AND FRUIT EXTRACTS  

           The collected plant and fruit material were cleaned with running tap water 

and rinsed in distilled water. The plant and fruit were cut into fine pieces, shade dried 

for 4 -6 days and grinded into fine powder by using mechanical method. 

4.2.1Extraction process: 

• 1g of Ocimum Sanctum (Tulsi) dried powder added along with 100 ml of 

aqueous solution and kept in water bath for 60C for 15-20 mins after that 

filter the sample using Filtration method. 

• 1g of Carica Papaya (papaya) dried powder added along with 100 ml of 

aqueous solution and kept in water bath for 60C for 15-20 mins after that filter 

the sample using Filtration method. 

• Combination of 1g of Ocimum Sanctum (Tulsi) extracts and 1g of Carica 

Papaya (papaya) dried powder added along with 100 ml of aqueous solvent 

and kept in water bath for 60 C for 15-20 mins after that filter the sample 

using Filtration method. 

 

4.2.2 Dilution of Process: 

Preparation for 10:10 Dilution:   

Individual:  10 ml of Ocimum Sanctum (tulsi) extract added along with 10 ml of 

aqueous solvent.10 ml of Carica Papaya (papaya) extract added along with 10 ml 

of aqueous solvent. 

21 



 

 

Combination: 10 ml of Combined extracts added along with 10 ml of aqueous 

solvent. 

Preparation for 1:9 Dilution:   

Individual:  1 ml of Ocimum Sanctum (tulsi) extract added along with 9 ml of 

aqueous solvent.1 ml of Carica Papaya (papaya) extract added along with 9 ml of 

aqueous solvent. 

Combination: 1 ml of Combined extracts added along with 9 ml of aqueous solvent. 

 

4.3 SYNTHESIS OF SILVER NANOPARTICLES WITH PLANT AND FRUIT 

EXTRACTS 

• Individual: Crude extracts of individual (Ocimum Sanctum (tulsi) or Carica 

Papaya (papaya) are added along with AgNO3 solution in the ratios are 1:4, 

2:3,2.5:2,3:2,5:1 and kept in water bath until the colour changes from green 

to brown colour for Synthesis of Silver Nanoparticles. After changes of 

solution, analysed with UV-VIS Spectroscopy for indication of Silver 

Nanoparticles. 

• Combination: Crude extracts of Combined (Ocimum Sanctum (tulsi) and 

Carica Papaya (papaya) are added along with AgNO3 solution in the ratios 

are 1:4, 2:3,2.5:2,3:2,5:1 and kept in water bath until the colour changes from 

green to brown colour for Synthesis of Silver Nanoparticles. After changes of 

solution, analysed with UV-VIS Spectroscopy for indication of Silver 

Nanoparticles. 

 

4.4 QUALITATIVE ANALYSIS 

• Test for Flavonoids: 2ml of 2.0% NAOH mixture added along with 1ml of 

aqueous crude extract. concentrated yellow colour was produced, which 

became colourless when we added 2 drops of diluted acid to mixture. This 

result showed the presence of flavonoids. 
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• Test for Tannin:0.5ml of 5% Ferric chloride added along with 1ml of aqueous 

crude extract and finally green colour precipitate can be obtained. 

 

• Test for Glycosides: 2 ml of H2SO4 concentrated added along with 1ml of 

aqueous plant crude extract. A reddish-brown colour formed which indicated 

the presence of steroidal aglycone part of the glycoside. 

 

• Test for Steroids: 2 ml of chloroform and concentrated H2SO4 were added 

with the 1ml aqueous plant crude extract. In the lower chloroform layer red 

colour appeared that indicated the presence of steroids. 

 

• Test for Alkaloid:1ml of Dragendroff solution added along with 1ml aqueous 

plant crude extract. An orange colour formed which indicated the presence 

of Alkaloids. 

 

• Test for Saponins:10 ml of distilled water was mixed with1ml of aqueous 

crude plant extract in a test tube and it was mixed vigorously. The frothing 

was mixed vigorously and the foam appearance showed the presence of 

saponins (Gul et al.,2017). 

 

4.5 ANTIBACTERIAL ACTIVIY 

 

Purpose: Antibacterial activity by using agar well diffusion method. The agar 

diffusion assay is one method for quantifying the ability of antibiotics to inhibit 

bacterial growth. 

 

Procedure:  

• Disk-diffusion method; the agar plate surface is inoculated by spreading a 

volume of the microbial inoculum over the entire agar surface.  
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• Then, a hole with a diameter of 5-6 mm is punched aseptically with a sterile 

cork borer or a tip, and a volume (20–100 µL) of the antimicrobial agent or 

extract solution at desired concentration is introduced into the well. 

• Then, agar plates are incubated under suitable conditions depending upon 

the test microorganism.  

• The antimicrobial agent diffuses in the agar medium and inhibits the growth 

of the microbial strain tested. 

Microorganism used:  

• Escherichia coli,  

• Staphylococcus aureus 13,  

• Staphylococcus aureus 23,  

• Enterococcus faecalis, 

• Acinetobacter baumannii. 

 

4.6 GEL FORMATION  

 

4.6.1 GUAR GUM 

• Guar gum is a gel-forming fiber from the seed of the guar plant (Cyamopsis 

tetragonal). It's used to thicken foods and is also used as a dietary 

supplement.  

• Guar gum acts as thickening agent and it also act against biofilm formation.  

4.6.2 PREPARATION OF GUAR GUM 

• Add 0.75 g of guar gum along with 50ml of synthesis of nanoparticle to form 

gel formation. 

• After Nano gel formation is characterized by using XRD, TEM, FTIR 

Analysis. 
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4.7 INVITRO SCRATCH ASSAY 

Purpose: The in-vitro scratch assay is a useful method in wound healing research 

to assess cell migration. In this assay, a scratch is created in a confluent cell layer 

by mechanically removing cells through manual scraping with a sharp-edged tool. 

Procedure:  

• HDF cells (4,000 cells/well) and HaCaT cells (10,000 cells/well) were seeded 

in 96-well plates (Corning, USA) in complete media and incubated at 37 °C 

and 5% CO2 for 48 h. Scratches by wounding tool: The wounding tool and 

guide were sterilised with 70% ethanol and placed in the biosafety cabinet 

(BSC). 

•  The cover of the 96-well plate was replaced by the guide and the wounding 

tool was inserted into the slit of the guide, pushed down, and slid along the 

slit to create a scratch on the cell surface.  The motion was repeated for wells 

scratched by wounding tool.  

• Scratches by pipette tip: The cover of the 96-well plate was used as a 

straight-edged guide.  

• Cells were then fixed with 2% paraformaldehyde (Thermo Fisher Scientific, 

USA) and stained with 0.25% Safranin O (EMD Millipore Corp, USA).  

• The plate was then mounted onto the imaging template and placed on the 

stage of an Olympus IX71 inverted microscope. 4 × phase-contrast and 

brightfield images were taken which were then analysed using Image J (Chen 

et al.,2023). 

 

4. 8 CHARACTERIZATION OF NANO GEL FORMATION 

4.8.1 UV-VIS SPECTROSCOPY 

 

                 UV-Vis spectral analysis of synthesized silver nanoparticles was 

measured by using UV-visible spectrophotometer (UV-2450, Shimadzu, Japan) with 

a resolution of 1 nm to investigate the reduction of Ag+ to Ag0 by callus and leaf 

extracts.  
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                 The spectra were taken between 200 and 800 nm after 24 Hrs incubation 

of the mixtures of AGNO3 solution and callus and leaf extracts. (Jemal et al.,2017). 

 

4.8.2 XRD ANALYSIS 

              The synthesized silver nanoparticles were centrifuged at 10,000 rpm for 15 

minutes and the pellets were redispersed in sterile double distilled and centrifuged 

at 10,000 rpm for 10 minutes. The purified pellets were dried at 50°C in an oven and 

analysed by X-ray Diffraction Unit (XRD) (Pan Analytical, X-pert pro, 

Netherland).  X-ray diffraction (XRD) measurements of film of the biologically 

synthesized silver nanoparticles solution cast onto glass slides were done on an 

eMMA diffractometer operating at a voltage of 40 kV and current of 20 mA with Cu 

K(a) radiation of 1.54187 nm wavelength. The scanning as done in the region of 2h 

from 20 to 80 at 0.02 /min and the time constant was 2 s (Jemal et al,2017) 

 

4.8.3 TEM ANALYSIS  

           Transmission electron microscopy (TEM) technique was used to visualize 

the morphology of the Ag NPs. The 200 kV ultra-high-resolution transmission 

electron microscope (JEOL, Model No. JEM 2100 HR with EELS). TEM grids were 

prepared by placing a 5 μL of the AgNPs solutions on carbon-coated copper grids 

and drying under lamp. Additionally, addition presence of metals in the sample was 

analyzed by energy-dispersive spectroscopy (EDS) using INCA Energy TEM 200 

with analysis software (JEOL) was used (Banerjee et al.,2014). 

 

4.8.4 FTIR ANALYSIS 

          FTIR spectrometer was used to study the chemical composition of the 

synthesized silver nanoparticles. The solutions containing silver nanoparticles were 

centrifuged at 10,000 rpm for 15 min. The supernatants were discarded and the 

pellets were redispersed in sterile double distilled water and centrifuged at 

10,000 rpm for 10 minutes. The purified pellets were dried at 60°C and the dried 

powders were subjected to FTIR spectroscopy measurement in the range 4000–

400 cm−1 using KBr pellet method (Jemal et al.,2017). 
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CHAPTER-5 

                                   RESULTS&DISCUSSION 

 

5.1 COLLECTION OF PLANT AND FRUIT MATERIAL 

              Fresh leaves of Ocimum Sanctum (tulsi) and Fresh fruit of Carica Papaya 

(papaya) are collected below the fig 5.1 

 
Fig 5.1: A) Fresh leaves of Ocimum Sanctum (tulsi) and B) Fresh fruit of 

Carica Papaya (papaya) 
 

 

5.2 PREPARATION OF PLANT AND FRUIT EXTRACTS  

             The plant and fruit were cut into fine pieces, shade, dried and grinded into 

fine powder by using mechanical method below the fig 5.2. 

 

Fig 5.2: A) Dried powder of Ocimum Sanctum (tulsi) and B) Dried powder of 
Carica Papaya (papaya) 
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5.2.1 Extraction process: 

                Dried powder (individual & combination) added along with 100 ml of 

aqueous solvent and kept in water bath for 60C for 15-20 mins after that filter the 

sample using Filtration method below the fig.5.3. 

 

Fig 5.3: A) Crude extract of Ocimum Sanctum and B) Crude extract of Carica 
Papaya C) Crude extract of Ocimum Sanctum) & Carica Papaya  

 

5.3 SYNTHESIS OF SILVER NANOPARTICLES WITH PLANT AND FRUIT 

EXTRACTS 

                Crude extracts (individual & combination) are added along with AgNO3 

solution in the ratios are 1:4, 2:3,2.5:2,3:2,5:1 and kept in water bath until the colour 

changes from green to brown colour for Synthesis of Silver Nanoparticles below the 

fig.5.4. 

 

Fig 5.4: Synthesis of Silver Nanoparticles 
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5.4 QUALITATIVE ANALYSIS 

• Ocimum Sanctum: 

 

Fig 5.5: Phytochemical screening of Ocimum Sanctum (tulsi) 

                 Phytochemical screening for aqueous extract of Ocimum Sanctum (tulsi) 

whereas C indicates control of Ocimum Sanctum (tulsi). 1)Absence of yellow colour 

indicates absence of flavonoids. 2) A Green colour precipitate formed indicates 

presence of tannin. 3) A reddish-brown colour formed indicates the presence of 

steroidal aglycone part of the glycoside.4) In the lower chloroform layer red colour 

formed indicates the absence of steroids.5) An orange colour formed which 

indicates the presence of Alkaloids. 6) A foam appearance shows the presence of 

saponins. 

• Carica Papaya: 

 

 
Fig 5.6: Phytochemical screening of Carica Papaya (papaya) 
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                   Phytochemical screening for aqueous extract of Carica Papaya 

(papaya)whereas C indicates control of Carica Papaya (papaya).1) Absence of 

yellow colour indicates absence of flavonoids. 2) A Green colour precipitate formed 

indicates presence of tannin. 3) A reddish-brown colour formed indicates the 

absence of steroidal aglycone part of the glycoside.4) In the lower chloroform layer 

red colour formed indicates the absence of steroids.5) An orange colour formed 

which indicates the presence of Alkaloids. 6) A foam appearance shows the 

presence of saponins. 

                    Table 5.1 refers to results for Phytochemical screeningOcimum 

Sanctum (Tul) 

S.no              Tests        Ocimum 
Sanctum (Tulsi)  

Carica Papaya 
(Papaya)  

   1    Flavonoid             --           -- 

   2    Tannin             +            + 

   3   Glycosides             +               + 

   4     Steroids             --            -- 

   5    Alkaloids             +            + 

   6    Saponin             +            + 

 

5.5  ANTIBACTERIAL ACTIVIY 

• 10:10 Dilution:   

               Based on the UV-VIS Spectroscopy results, Under Ocimum 

Sanctum (tulsi) are the ratios of 1:4,2:3,2.5:2,3:2,5:1; Carica Papaya 

(papaya) ratio of 2:3 and Combination are the ratios of 1:4. These are 

selected for Antibacterial activity. Antibacterial activity done using agar well 

diffusion method. Antibacterial activity done using the microorganisms are 

Escherichia coli, Staphylococcus aureus 23, Enterococcus faecalis, 

Acinetobacter baumannii. A zone of inhibition formed for 10:10 Dilution. 
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Fig 5.7: Antimicrobial activity assay of silver nanoparticles along with 

individual extract and Combination extract at 40 ul against different 

pathogens by the well diffusion method. (A) 1:4 ratio (tulsi & AgNPs) 

(B) 2:3 ratio (tulsi & AgNPs)  (C) 2:5:2 ratio (tulsi & AgNPs)  (D) 3:2 ratio 

(tulsi & AgNPs)  (E) 5:1 ratio (tulsi & AgNPs)  F) 2:3 ratio (papaya & 

AgNPs) G) 1:4 ratio (combination & AgNPs) H) Antibiotic rifampicin at 

concentration 100 μg mL−1 was used as a control for all tested bacteria 

while, rifampicin at concentration 30 ul was used as a control 

for different pathogens. 
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The Zone of Inhibition formed for 10:10 Dilution represents in below the Tabular 
form and graphical format. 

Table 5.2 refers to 10:10 Dilution of Zone of Inhibition 

 

• Graphical format form for 10:10 Dilution of Zone of Inhibition 

 

 

   

             From the graph, whereas A indicates (tulsi & AgNPs); B indicates (papaya 

& AgNPs and C indicates (combination & AgNPs). The minimum zone of inhibition 

shows Carica Papaya (papaya) ratio of 2:3. The maximum zone of inhibition shows 

Ocimum Sanctum (tulsi) are the ratios of 1:4,2:3,2.5:2,3:2,5:1 and Combination are 

the ratios of 1:4. 
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• 1:9 Dilution:   

                  Based on the UV-VIS Spectroscopy results, Under Ocimum Sanctum 

(tulsi) are the ratios of 1:4,2:3,2.5:2,3:2; Carica Papaya (papaya) ratio of 2.5:2,3:2 

and Combination are the ratios of 1:4,2:3,2.5:2. These are selected for Antibacterial 

activity. Antibacterial activity done using agar well diffusion method. Antibacterial 

activity done using the microorganisms are Escherichia coli, Staphylococcus aureus 

13, Staphylococcus aureus 23, Acinetobacter baumannii. A zone of inhibition 

formed for 1:9 Dilution. 

 

 

 

Fig 5.8: Antimicrobial activity assay of silver nanoparticles along with 

individual extract and Combination extract at 40 ul against different 

pathogens by the well diffusion method. (A) 1:4 ratio (tulsi & AgNPs) (B) 2:3 

ratio (tulsi & AgNPs) (C) 2:5:2 ratio (tulsi & AgNPs) (D) 3:2 ratio (tulsi & AgNPs) 

(E) 2.5:2 ratio (papaya & AgNPs) F) 3:2 ratio (papaya & AgNPs) G) 1:4 ratio 

(combination & AgNPs) H) 2:3(combination & AgNPs) I)2.5:2(combination & 

AgNPs) J) Antibiotic rifampicin at concentration 100 μg mL−1 was used as a 

control for all tested bacteria while, rifampicin at concentration 30 ul was used 

as a control for different pathogens. 
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The Zone of Inhibition formed for 10:10 Dilution represents in below the Tabular 

form and graphical format. 

                 Table 5.3 refers to 1:9 Dilution of Zone of Inhibition 

 

 

• Graphical format form for 10:10 Dilution of Zone of Inhibition 
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             From the graph, whereas A indicates (tulsi & AgNPs); B indicates (papaya 

& AgNPs and C indicates (combination & AgNPs). The minimum zone of inhibition 

shows Carica Papaya (papaya) ratio of 2.5:2,3:2. The maximum zone of inhibition 

shows Ocimum Sanctum (tulsi) are the ratios of 1:4,2:3,2.5:2,3:2 and Combination 

are the ratios of 1:4,2:3,2.5:2. Among the ratios, The ratio of 1:4 showed maximum 

zone of inhibition in Ocimum Sanctum (tulsi) and Combination.  

Antibacterial activity done for 1:4 ratio of both Combination and Ocimum Sanctum 

(tulsi). 

 

 

Fig 5.9: Antimicrobial activity assay of silver nanoparticles along with 

individual extract and Combination extract at 40 ul against different 

pathogens by the well diffusion method. (A) 1:4 ratio (tulsi & AgNPs) B) 1:4 

ratio (combination & AgNPs) C) Antibiotic rifampicin at concentration 100 μg 

mL−1 was used as a control for all tested bacteria while, rifampicin at 

concentration 30 ul was used as a control for different pathogens. 
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The Zone of Inhibition formed for the ratio of 1:4 both Ocimum Sanctum (tulsi) and 

Combination represents in below the Tabular form and graphical format. 

Table 5.4 refers to the ratio of 1:4 of Zone of Inhibition 

 

Microorganisms Ocimum Sanctum (tulsi) 

A (1:4) 

Combination 

C (1:4) 

E. coli 16mm 20mm 

S. aureus 13 --- 12mm 

S. aureus 23 14mm 15mm 

A. baumanii ----- ---- 

 

• Graphical format form for 10:10 Dilution of Zone of Inhibition 
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                From the graph, whereas A indicates (tulsi & AgNPs) and C indicates 

(combination & AgNPs). The minimum zone of inhibition shows Ocimum Sanctum 

(tulsi) are the ratios of 1:4, The maximum zone of inhibition shows and Combination 

are the ratios of 1:4. Among the ratios, The ratio of 1:4 showed maximum zone of 

inhibition in Combination. Further, proceed with gel formation with the ratio of 1:4 

combination. 

 

5.6 GEL FORMATION  

• Add guar gum along with synthesis of nanoparticle to form gel formation 

below the fig 2.2. 

• After Nano gel formation is characterized by using XRD, TEM, FTIR Analysis. 

 

Fig 5.10: Nano gel formation 

5.7 CHARACTERIZATION  

5.7.1 UV-VIS SPECTROSCOPY 

• 10:10 Dilution and 1:9 dilution: 

Using UV–vis spectral analysis, the development and stability of AgNPs in an 

aqueous solution were examined. The solution turned brownish brown as the 

reaction continued, which has been linked to AgNPs' surface plasmon 

resonance being excited. Figure 2.2 shows UV absorption spectra from the 

reaction of the reduction of silver ions produced distributed nanoparticles with a 

broadening peak in the absorbance band at a wavelength between 200nm and 

800nm. The silver nitrate solution changed from translucent white to light yellow 

to brown after the Ocimum Sanctum (tulsi); Carica Papaya (papaya) extract and 

Combination was added. 
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Fig 5.11: UV-vis absorption spectra of reduction of silver ions to silver 

nanoparticles along with individual & combination extract for the dilution of 

10: 10. 

             The absorption spectrum of the incubated solution at different wavelengths 

ranging within 200–800 nm revealed whereas Ocimum Sanctum (tulsi) extract are 

the ratios of 1:4,2:3,2.5:2,3:2,5:1 is 460nm,450nm,420nm,400nm,430nm. No 

absorption peak was observed in UV–vis spectrum of Ag+ solution in the Carica 

Papaya (papaya) extract. But Carica Papaya (papaya) extract and Combination 

peak observed in the ratio of 2:3 & 1:4 are 410nm and 460nm. 
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Fig 5.12: UV-vis absorption spectra of reduction of silver ions to silver 

nanoparticles along with individual & combination extract for the dilution of 

1:9. 

             The absorption spectrum of the incubated solution at different wavelengths 

ranging within 200–800 nm revealed whereas Ocimum Sanctum (tulsi) extract are 

the ratios of 1:4,2:3,2.5:2,3:2 is 420nm,440nm,460nm,450nm. No absorption peak 

was observed in UV–vis spectrum of Ag+ solution in the Carica Papaya (papaya) 

extract. But Carica Papaya (papaya) extract peak observed in the ratio of 2.5:2 & 

3:2 is 430nm and 450nm. Combination peak observed in the ratio of 1:4, 2:3&2.5:2 

is 460nm, 440nm and 460nm. 
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5.7.2 XRD ANALYSIS 

            The XRD patterns for the silver nanoparticles made using Combination 1:4 

extract is displayed in Fig 5.13. With regard to the face-centered cubic structure of 

silver, all significant peaks are indexable. When characterizing nanoparticles, X-ray 

diffraction analysis can be quite helpful as it offers precise information about the 

crystalline size and structure of the particles. The organic content of the 

Combination 1:4 extract can be attributed to broad, minor peaks at lower 2θ theta 

values. Thus, it is evident from the XRD pattern that the crystalline quality of the 

silver nanoparticles produced by Combination 1:4 extract.  

 

Fig 5.13: XRD spectra of AgNPs synthesized using Ocimum Sanctum and 

Carica Papaya extract in the ratio of Combination 1:4 

Table 5.5 refers to results of XRD Analysis 

S.no 2theta [º] d [Å] 

1 18.91 4.6902 

2 32.40 2.7609 

3 38.31 2.3477 

4 46.28 1.9601 
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5.7.3 FTIR ANALYSIS 

               Numerous materials in bulk or thin films, liquids, solids, pastes, powders, 

fibres, and other forms can all be analysed using FTIR. When combined with 

appropriate standards, FTIR analysis can provide not only a qualitative 

(identification) study of materials but also a quantitative (quantity) analysis. The 

potential biomolecules responsible for encapsulating and effectively stabilizing the 

metal nanoparticles produced by Combination 1:4 extract was identified using FTIR 

studies. The kinds of functional groups engaged in the binding mechanisms are 

explained by shifts in peak intensity or wavenumber. The FTIR spectrum 

for Combination 1:4 extract at showed the intensity at 107.399, 105.665, 52.5718, 

71.7365, 88.8981, 91.9094, 89.4826 & 26.9465. The effect of the functional groups 

of the Ocimum Sanctum (Tulsi) and Carica Papaya (Papaya) extract in the ratio of 

Combination 1:4 as reducing and stabilizing agents to manufacture Ag-NPs is 

supported by all of the intensity alterations. 

 

 

 

Fig 5.14: FTIR spectra of AgNPs synthesized using Ocimum Sanctum and 

Carica Papaya  extract in the ratio of Combination 1:4 
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5.7.4 TEM ANALYSIS 

 

 

Fig 5.15 : TEM micrographs of silver nanoparticles are  different magnification 

using Ocimum Sanctum (Tulsi) and Carica Papaya (Papaya) extract in the ratio 

of Combination 1:4 
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                        The nanoparticles' shape was spherical in nature. When closely 

examined, it becomes clear that the silver nanoparticles are encircled by a thin, pale 

coating of other substances, which we assume to be the organic material from the 

Ocimum Sanctum (Tulsi) and Carica Papaya (Papaya) extract. The resulting 

nanoparticles range in size from 3 to 20 nm, including a small percentage of 

aggregated particles.  

                   Fig 5.15 shows TEM images of AgNPs at different magnifications using 

Ocimum Sanctum (Tulsi) and Carica Papaya (Papaya) extract in the ratio of 

Combination 1:4. Images reveal that the AgNPs are predominantly spherical in 

shape and are not in physical contact with each other. It is clear from the 

TEM micrographs that the particle size of AgNPs is 10 nm from fig.5.15-(a). 

 

5.7.5 INVITRO SCRATCH ASSAY 

 

                   The Mouse fibroblast (3T3-L1) cells is used to measure cell migration in 

wound healing. After being planted into a six-well plate, the cells are cultured in a 

CO2 incubator until a monolayer of cells forms. Using a sterile tip, make a wound in 

each well. Then, load the sample at the correct concentration and place it in a CO2 

incubator. After 24 hours, the incision is checked for movement using an inverted 

microscope, the distance between the incisions is calculated, and photographs are 

captured by using inverted Phase contrast Microscope. The wound appears to be 

closing since the distance between the separations appears to be smaller than when 

it was first made. When compared to control cells, the sample's cell migration is 

higher, indicating that it possesses wound-healing capabilities. 

 

               In the present studies, (3T3-L1) cells were treated with 40 μg/mL of 

combination 1:4 extract for 24hrs. Image J software was used to calculate the wound 

closure distance after cell migration was recorded at 24 hours. According to the 

findings, 5 μg/mL of combination 1:4 extract filled up the scratch's opening by 98.701 

percent in 24 hours. In the cells treated with combination 1:4 extract, 98.70% of the 

gap was filled in 24 hours. 
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• CYTOTOXICITY STUDIES OF COMBINATION 1:4 EXTRACT 

The % cell viability was calculated using the following formula: 

% Cell viability = A570 of treated cells/A570 of control cells × 100 

The (3T3-L1) cells is used to test the sample's cytotoxicity. The samples were 

serially diluted to achieve the desired concentrations are 5, 10, 20,40,80 & 100 and 

tested against the cells. The treatment and untreated cell absorbance is used to 

calculate the viability of the cells, which increases with decreasing concentration. 

The viability of the cells is approximately 80% at the highest concentration and 

continues to rise as the graph illustrates, indicating that the sample is not cytotoxic 

to the (3T3-L1) cells. 

 

        Table 5.6 refers to results for percentage of viability of the cells 

 

S.NO Concentration Viability of the cells (%) 

1 5 μg/mL 98.701 

2 10 μg/mL 91.836 

3 20 μg/mL 90.723 

4 40 μg/mL 87.755 

5 80 μg/mL 68.089 

6 100 μg/mL 56.400 

 

            At 0 and 24 hours, the test samples' cell migration was 0.3112. Applying the 

above calculation, it shows that the wound closure rates for the test sample and 

control sample were 98.701% and 1.03%, respectively.. According to the 

calculation, the cell line's healing process accelerated by 98.70%. at 5 μg/mL. 

At the maximum treatment concentration of Combination 1:4 extract, the percentage 

vitality of (3T3-L1) cells was observed to be 98.70% and the minimum treatment 

concentration was observed to be 56.40%. The percentage of cell viability 

associated with the quantities of Combination 1:4 extract utilized for treatment were 

tabulated in table 5.6. 
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Fig 5.16 : The effect of combination 1:4 extract on (3T3-L1) cell line viability 

was determined by MTT assay method. Each bar graph represents % viability 

of (3T3-L1) cells against 98.70% to 5 μg/mL concentrations combination 1:4 of 

extract after 24 hrs exposure.  

 

 

 

Fig 5.17: Images of (3T3-L1) cell line in inverted inverted Phase contrast 

Microscopy after the exposure to combination 1:4 extract. Mouse fibroblast  

(3T3-L1) cells were injured and cell migration assay with and without 

treatment at 40 μg/mL was performed at 24 h. 
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DISCUSSION 

 

        For the purpose of creating AgNPs with strong antibacterial properties from 

plant extracts, such as leaf extract and fruit extract of Ocimum Sanctum (Tulsi) and 

Carica Papaya (Papaya). In the reactions with silver nitrate (AgNO3), a frequently 

utilized precursor in the manufacture of silver nanoparticles, phytocompounds in the 

plant and fruit extract function as reducing and/or capping agents in these studies. 

Liquifying metallic silver nitrate in distilled water can explain the initial mechanism 

that occurred during the green synthesis method's production of silver 

nanoparticles. Silver nitrate first transforms into silver ions. When Ocimum Sanctum 

(Tulsi) and Carica Papaya (Papaya) was applied to AgNO3, the reduction process 

took place, resulting in the conversion of silver ions into free metallic atoms (Ag). 

where the distinctive transverse plasmon, which was a spherical silver nanoparticle, 

was similar to the absorption peaks that emerged at 460 nm as a result of the 

stimulation of local plasmon and the fluctuations of the transmission electrons of 

gold and silver nanoparticles.  

        Nano gel formation using guar gum is characterized by using XRD, TEM, FTIR 

Analysis. The pure silver nanoparticles were indicated by the angle (2θ) peak at 

4.6902 as revealed by XRD analysis. Moreover, studies using X-ray diffraction 

demonstrated that these When Ocimum Sanctum (Tulsi) and Carica Papaya 

(Papaya) of the ratio combination 1:4-AgNPs (nanoparticles) were crystalline in 

nature. This TEM images of the combination 1:4-AgNPs (silver nanoparticles 

containing Ocimum Sanctum (Tulsi) and Carica Papaya (Papaya) revealed a 

spherical external structure and a homogeneous shape. Analysis of combination 

1:4-AgNPs chemically revealed the presence of silver and other elements with silver 

masses. The average size of combination 1:4-AgNPs between 10 to 200 nm, which 

is consistent with results studies that reported combination 1:4-AgNPs to be 10 nm 

in size.  
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       The absorption spectrum of the incubated solution at different wavelengths 

ranging within 200–800 nm revealed whereas Ocimum Sanctum (Tulsi) extract are 

the ratios of 1:4,2:3,2.5:2,3:2 is 420nm,440nm,460nm,450nm. No absorption peak 

was observed in UV–vis spectrum of Ag+ solution in the Carica Papaya (papaya) 

extract. 

           But Carica Papaya (papaya) extract peak observed in the ratio of 2.5:2 & 3:2 

is 430nm and 450nm. Combination peak observed in the ratio of 1:4, 2:3&2.5:2 is 

460nm, 440nm and 460nm.Antimicrobial activity assay of silver nanoparticles along 

with individual extract and Combination extract against Escherichia coli, 

Staphylococcus aureus 13, Staphylococcus aureus 23, Enterococcus faecalis, 

Acinetobacter baumannii by the well diffusion method. The minimum zone of 

inhibition shows Ocimum Sanctum (Tulsi) are the ratios of 1:4 is 16mm and 14mm 

against Escherichia coli and Staphylococcus aureus 23.  The maximum zone of 

inhibition shows and Combination are the ratios of 1:4 is 20nm, 12nm and 15mm 

against Escherichia coli, Staphylococcus aureus 13, Staphylococcus aureus 23. 

Among the ratios, the ratio of 1:4 showed maximum zone of inhibition in 

Combination.  

        Further, proceed with Nano gel formation with the ratio of 1:4 combination. The 

FTIR spectrum for Combination 1:4 extract at showed the intensity at 107.399, 

105.665, 52.5718, 71.7365, 88.8981, 91.9094, 89.4826 & 26.9465. The effect of the 

functional groups of the Ocimum Sanctum (Tulsi) and Carica Papaya (Papaya) 

extract in the ratio of Combination 1:4 as reducing and stabilizing agents to 

manufacture Ag-NPs is supported by all of the intensity alterations. At the maximum 

treatment concentration of Combination 1:4 extract, the percentage vitality of (3T3-

L1) cells was observed to be 98.70% and the minimum treatment concentration was 

observed to be 56.40% in the invitro scratch assay. The prepared gel appears to 

have a positive impact on the healing of wounds against diabetic foot ulcer. 
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CHAPTER-6 

SUMMARY& CONCLUSION 

 

SUMMARY  

 

Now days, the use of nanomaterials in wound care is expanding quickly. The 

current study has studied the mechanisms underlying the latest developments in 

nanomaterials that promote wound healing. Furthermore, light can be absorbed by 

AgNPs for wound healing and then converted into heat or reactive oxygen species 

(ROS), which kills the bacteria already present in the wounds. Moreover, AgNPs 

can be used to create a smart dressing for wounds infected by microorganisms, 

which can be used to cure these infections depending on endogenous triggers like 

pH, temperature, enzymes, and toxins released by the bacterium. In this study, 

using environmentally friendly method of producing silver nanoparticles by 

employing Ocimum Sanctum (tulsi) & Carica Papaya (papaya) extract for wound 

healing against diabetic foot ulcer. The reduction of silver nitrate with Ocimum 

Sanctum (tulsi) & Carica Papaya (papaya) extract is an easy, clean, effective, and 

room-temperature process for creating nanogels to cure diabetic foot ulcers. The 

extracts of Carica papaya (papaya) and Ocimum Sanctum (tulsi) have been utilized 

as reducing agents to create silver nanoparticles from silver nitrate. Green synthetic 

silver nanoparticles are verified by color shift, which was quantitatively observed at 

460 nm using UV-Vis’s spectroscopy. In Antibacterial activity shows that the 

Combination 1:4 against Escherichia coli, Staphylococcus aureus 13, 

Staphylococcus aureus 23, Enterococcus faecalis, Acinetobacter baumannii.. The 

structure, individual intensity of the produced nanoparticles, and bond stretch were 

all visible using FTIR. XRD shows broad, minor peaks at lower 2θ theta values. 

Thus, it is evident from the XRD pattern that the crystalline quality of the silver 

nanoparticles produced by Combination 1:4 extract and TEM micrographs shows 

clear  particle size of AgNPs is 10 nm. At the maximum treatment concentration of 

Combination 1:4 extract, the percentage vitality of (3T3-L1) cells was observed to 

be 98.70% and the minimum treatment concentration was observed to be 56.40% 

in the invitro scratch assay. 
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CONCLUSION 

 

 Extracellular AgNPs are produced by Ocimum Sanctum (Tulsi) & Carica 

Papaya (papaya) extract and have good stability power in the fluid. In order to 

combat E. Coli, which is known to be resistant to the majority of commercially 

available medications, the produced silver nanoparticles were used as an active 

substrate. With regard to bacteria that are resistant to many medications, this 

environmentally friendly manufacturing of silver nanoparticles may prove to be a 

rapid, inexpensive, and useful substitute for synthetic antibiotics. Ocimum Sanctum 

(Tulsi) and Carica Papaya (Papaya) was used in the green synthesis of silver 

nanoparticles, and the results showed that the plant has strong antibacterial action 

against Escherichia coli, Staphylococcus aureus 13, Staphylococcus aureus 23.  

The findings, in summary, Ocimum Sanctum (Tulsi) and Carica Papaya (Papaya) 

showed that extract can be used to efficiently, quickly, and simply create silver 

nanoparticles with strong antibacterial qualities. The prepared gel appears to have 

a positive impact on the healing of wounds against diabetic foot ulcer. In conclusion, 

the production of silver nanoparticles through biosynthesis has emerged as a highly 

promising option for medical applications where antibacterial action is crucial. 
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