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Abstract:  

Type 2 diabetes mellitus (T2DM) is a significant global health concern. Guava, scientifically known as Psidium guajava L., is 

widely used in traditional medicine and cooking. Previous research has shown its anti-inflammatory and anti-diabetic 

properties, although the underlying mechanisms remain unclear. This study examined the potential therapeutic effects of guava 

leaf extract on T2DM using both animal and cell culture models. Over a 12-week period, diabetic mice were administered 

guava leaf extract orally. The results indicate improved insulin sensitivity and glucose tolerance, along with a significant 

decrease in fasting plasma glucose levels. Furthermore, the extract reduced the expression of genes involved in gluconeogenesis 

and promoted glycogen buildup in the liver, as well as enhanced glucose uptake. Moreover, treatment with GvAEx led to 

elevated expression of glucose transporter 2 (GLUT2) on the hepatocyte membrane. Additionally, we have elucidated, for the 

first time, the potential mechanism behind the hypoglycemic effect of GvAEx involving the intestinal microbiota. GvAEx 

induced significant changes in the gut microbiota composition, increasing the abundance of the Lachnospiraceae family and 

Akkermansia genus, which are known to produce short-chain fatty acids (SCFAs). These findings suggest that GvAEx may 

mitigate hyperglycemia and insulin resistance in T2DM by modulating liver glucose metabolism and restoring gut microbiota 

balance. Therefore, GvAEx shows promise for the development of therapeutics targeting T2DM. 

Keywords: Phytosome, Diabetes Mallitus  

History:  

Diabetes mellitus comprises of a Greek word ‘diabetes’,i.e., to go through, and a Latin word ‘mellitus’, i.e., sweet. IN 150 AD 

Arateus, a Greek physician of Cappadocia wasThe first one to use the word diabetes. WHO (World Health Organization) 

defines diabetes as, a chronic, metabolic Disease characterized by elevated levels of blood glucose (or Blood sugar), which 

leads over time to serious damage toThe heart, blood vessels, eyes, kidneys, and nerves. It is also Known as Hyperglycemia or 

Adult-onset diabetes. [1].According to World Health Organization, in 2014 it is found that 422 million adults are affected by 
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diabetes. It causes 1.5 million deaths  in 2012 and it is seen that the majority of population are are mainly affected by type-II 

diabetes. It is also found that previously type-It diabetes was diagnosed among adults but now it occurs in children also[2]. The 

oxidative stress is a known diabetes which causes due to increased free radical production and impaired antioxidant defenses 

[3,4].Diabetic is a chronic metabolic disease causing significant morbidity and premature cardiovascular mortality worldwide. 

According to the World Health Organization (WHO) approximately 537 million adults (ages 20–79 years) are living with 

diabetes today, and this number is predicted to rise to 643 million by 2030 and 783 million by 2045[5].Diabetic Mellitus  is  a 

very  common metabolic  disorder  which affects the human population throughout the world, characterized by hyperglycemia 

and arises due to defects in insulin secretion, insulin  action  or  both.  Chronic  hyperglycemia  which  is  a common  effect  of  

uncontrolled  diabetes  causes long-term damage,  dysfunction and  failure  of  several  organs  such  as kidneys,  eyes,  nerves,  

heart  and  blood  vessels[6].  Diabetes  is mainly  categorized  into  two  types,  type-I  diabetes  and type-II diabetes.  

 TYPES OF DIABETES MELLITUS 

 Insulin dependent or juvenile-onset diabetes mellitus  (Type 1 Diabetes mellitus) 

 Non insulin dependent or maturity-onset diabetes mellitus (Type 2 Diabetes mellitus) 

Type 1: Diabetes Mellitus 

Insulin dependent diabetes mellitus (IDDM), i.e., patients require periodic doses of insulin it can occur at any age, commonly 

occurs in    children,Characterized by the marked inability of the pancreas to secrete insulin because of autoimmune destruction 

of the beta cells. Kidney malfunctioning, nerve impairment, cardiovascular disease and retinal degeneration occur. 

Type 2: Diabetes Mellitus 

Type 2 diabetes is non-insulin dependent diabetes mellitus (NIDDM). It accounts for about 90% of the diagnosed cases of 

diabetes and affects 18% of the population over 65 years of age. Insulin receptors on insulin responsive cells do not respond 

normally to insulin and are therefore called as “insulin resistant”, thereby increasing blood glucose level.[7]. 

 Some Oral anti-diabetic drugs- 

 Type of anti-diabetic drugs- 

1· Sulfonylureas/insulin tropics: Glipizide, Glimepiride 

2· Biguanides: Metformin 

3· a-Glycosidase inhibitors: Acrabose, Voglibose. 

4· Thiazolidinedione: Pioglitazone, Rosiglitazone. 

5· DPP-4 inhibitors (Glistens): Sitagliptin, Vildagliptin.[8]. 

 Current status:  

In 2012, approximately 1.5 million deaths were attributed to diabetes. The terms "diabetes" and "mellitus" are derived from 

Greek, with "diabetes" meaning "a passer-through" and "mellitus" meaning "sweet," likely due to the excessive urination 

attracting flies and bees in diabetic patients. Since its first description over 3000 years ago by ancient Egyptians and Araetus 

of Cappadocia, significant progress has been made in understanding diabetes. Economic status and insurance coverage 
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may influence the prevalence of type 2 diabetes, while recent studies suggest race also plays a role in both type 1 and type 

2 diabetes prevalence.Diabetes mellitus is a serious chronic illness characterized by hyperglycemia resulting from deficient 

insulin production by pancreatic beta cells or inefficient insulin utilization by the body. It is the seventh leading cause of 

death in the USA, with 422 million adults worldwide diagnosed with diabetes in 2014, four times higher than in 1980. 

Carbohydrates and fats in the diet may contribute to diabetes, as inhibiting starch-digesting enzymes or glucose transporters 

can reduce glucose absorption.Despite being one of the greatest health crises of the 21st century, many health authorities 

overlook the impact of diabetes and its complications. Estimates project a significant increase in diabetic patients by 2040, 

with type 2 diabetes being more prevalent, especially in developed countries due to factors like aging populations, 

urbanization, sedentary lifestyles, and poor dietary habits.While the exact cause of diabetes remains uncertain, genetics, 

environmental factors, and conditions like autoimmune destruction of pancreatic beta cells are believed to contribute to its 

development. The International Diabetes Federation reported a global diabetic population of 436 million in 2019, with 

90% having type 2 diabetes. The availability and efficacy of oral antidiabetic drugs have improved over the years, with 

seven types now available in Japan.Projections from the World Health Organization indicate a further increase in the 

diabetic population to over 300 million by 2025. India, China, and the USA are expected to have the largest diabetic 

populations by 2030. Type 1 diabetes accounts for over 90% of childhood and adolescent cases in most western countries, 

with less than half diagnosed before age 15. 

 

 Overview of current synthetic drugs in the Treatment of T2DM 

3.1 Biguanides : The class of biguanides includes the metformin and two withdrawn agents phenformin and buformin. The 

reason for Removing phenformin and buformin from the market was The occurrence of fatal lactic acidosis [33,34]. Introduced 

in The market in 1950, metformin is a well-accepted first-linechoice for the treatment of T2DM due to its good efficacy, low 

price and low rate of adverse effects especially in long-term use [35,36]. Metformin reduces fasting plasma glucose 

concentrations by reducing rates of hepatic glucose production through a reduction in gluconeogenesis and glycogenolysis 

[37,38].Metformin also affects peripherally and improves skeletal myocyte glucose uptake, reduces the overall plasma free 

fatty acid (FFA) concentration and induces mild weight loss through reduction of caloric intake [39,40]. 

Advantage: 

•  Good glucose-lowering effect  

• Flexible dosing 

•  Oral route 

•  Low cost 

•  No hypoglycemia 

 Disadvantage: 

• Risk of lactic acidosis in patients With impaired kidney function, 

•  Heart failure, hypoxemia,  

• Alcoholism, cirrhosis, contrast Exposure,  

• sepsis, and shock. 

• Gastrointestinal side effects. 
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• B12 deficiency 

3.2 Sulphonylureas:  

Sulphonylureas as the fast insulin secretagogues are the oldest Available class of oral glucose-lowering agents which were 

Introduced in the market in the 1940s and approved for use In 1994 for T2DM before metformin [36,41,42]. 

This class of oral drugs include the second-generation Agents glipizide, gliclazide, glibornuride, gliquidone, glisoxepide, 

glyclopyramide and glibenclamide as well as the firstgeneration agents acetohexamide, chlorpropamide, tolazamide and 

tolbutamide [43]. The third-generation sulphonylurea glimepiride is as effective as second-generation sulphonylureas and 

appears to have several clinical advantages over conventional sulphonylureas . In clinical studies, glimepiride provides more 

stable blood glucose control,lowers risk of hypoglycaemia and induces less weight gain in comparison to other sulphonylureas 

[44,45]. 

Advantage: 

• Good glucose-lowering effect  

• Low cost  

• Inexpensive 

• Oral route 

Disadvantage:  

• Risk of hypoglycemia 

• Significant drug-to-drug Interactions 

• Weight gain 

• Limited durability 

• Risk of cardiovascular events. 

3.3. Thiazolidinediones,  

Troglitazone was the first thiazolidinedione approved as a Glucose-lowering therapy for patients with T2DM in 1997 [46,47]. 

Troglitazone was subsequently withdrawn from Use, in March 2000, because of causing severe hepatic toxicity [48]. Two 

currently available PPAR-g agonists, rosiglitazone and pioglitazone, were approved in 1999. This class of Agents also known 

as glitazones like the biguanides metformin Do not increase insulin secretion but rather increase insulin 

Sensitivity in muscle and adipose tissue and in the liver by Activating PPAR-g and affecting gene regulation in the target Cells 

[49,50]. 

PPAR-g is essential for normal metabolism of lipids such as Adipocyte differentiation and proliferation as well as fatty acid 

Uptake and storage [51,52]. Thiazolidinediones exert their Insulin-sensitising actions by promoting genesis of small adipocytes 

and redirect fat from non-adipose tissues, such as liver fat,To (subcutaneous) adipose depots [50,53]. Although 

thiazolidinediones may enhance insulin sensitivity by keeping fat where It belongs and sparing other tissues such as the liver, 

skeletal Muscle and possibly b-cells from lipotoxicity, indirect effects May also be involved via alteration of gene transcription 

such As adiponectin. Adiponectin, an adipocytokine, produced Exclusively by adipose tissue increases insulin sensitivity 

[54,55]. 
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Advantage: 

•  Good glucose-lowering effect  

• Reduces CVD (pioglitazone) 

•  Oral route 

•  No hypoglycemia 

Disadvantage: 

•  Slow onset of action. 

•  Contraindicated in patients with Heart failure,  

• hemodynamic instability, and hepatic dysfunction . 

• Osteoporosis 

• Weight gain 

• Small increase in LDLc 

3.4.Disaccharidase inhibitors (a-glucosidase Inhibitors) 

The a-glucosidase inhibitors acarbose and miglitol are two of These agents which were released in the market in 1996 [41]. 

Initial investigations of voglibose as another disaccharidase Inhibitor have not been proceeded further [56,57]. Absorption Of 

carbohydrates requires eventual breakdown of disaccharides Into monosaccharides by the a-glucosidase enzyme in the brush 

Border of the small intestine. Disaccharidase inhibitors, such as Acarbose and miglitol, inhibit digestion of carbohydrates by 

affecting the breakdown of disaccharides to monosaccharides In the intestinal epithelium. As a consequence, delayed and 

Decreased absorption of the sugars happen. The a-glucosidase Inhibitors decrease both postprandial blood glucose and 

postprandial insulin levels and in that way these improve sensitivity To insulin and release the stress on b-cells [58]. 

According to some studies, acarbose does not directly alter Insulin resistance but may lower postprandial plasma insulin Levels, 

fasting blood glucose, glycosylated haemoglobin,Plasma triglycerides and/or cholesterol concentrations [59].Acarbose is only 

minimally absorbed from the gut and thereby Considered as a non-absorbable inhibitor that makes this drug With no systemic 

adverse effects even after long-term administration. The symptoms, which is due to undigested carbohydrates, occur in ~ 30 – 

60% of patients and tend to decrease With time and seem to be dose-dependent [60,61]. Acarbose is Composed of an acarviosin 

moiety with a maltose at the reducing terminus. Acarviosin is a sugar composed of cyclohexitol Unit linked to a 4-amino-4,6-

dideoxy-D-glucopyranose unit, Which is part of the acarbose and its derivatives [62] 

Advantage:  

•  Mild glucose-lowering effect 

• Relatively inexpensive 

•  Oral route 

•  No hypoglycemia 

 Disadvantage : 

•  Gastrointestinal side effects. 

•  Contraindicated in patients with Inflammatory bowel disease,  
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• Partial bowel obstruction, or Severe renal or hepatic disease. 

• Frequent dosing schedule 

• Avoid if renal disease 

 

3.5.DPP-4 inhibitors: 

DPP-4 inhibitors are promising new class of anti-diabetics That are extremely studied . In October 2006, the first DPP-4 

inhibitor, sitagliptin, was introduced in the market.Indeed, several other drugs such as vildagliptin, saxagliptin,Alogliptin, 

linagliptin and anagliptin have been approved in Certain countries for the treatment of T2DM. Other candidates have been 

demonstrated to be in an advanced stage of Clinical trials for T2DM [63,64].Inhibition of DPP-4, a serine protease, enhances 

endogenous GLP-1 activity by decreasing the rate of GLP-1 degradation, which represents a promising approach to the 

treatment Of T2DM [65]. DPP-4 inhibitors increase circulating GLP-1 and GIP levels in humans, which leads to increased 

Glucose-dependent secretion of insulin and decreased blood Glucose, haemoglobin A1C and glucagon levels [66,67].DPP-4 is 

a 766 residue N-terminal dipeptidyl exopeptidas That specifically cleaves an amino acid sequence having prolineor alanine at 

the N-terminal penultimate (P1) position but may also cleave substrate with non-preferred amino acids at This position [68]. 

DPP-4 inhibitors include diverse structural types. Many DPP-4 inhibitors have five-membered heterocyclic rings Such as 

pyrrolidine, cyanopyrrolidine, thiazolidine and cyanothiazolidine as a proline mimetic in the P1 part. Vildagliptin Structure as 

a cyanopyrrolidine derivatives are presented in(cyanopyrrolidine ring is highlighted in red) [18].Despite the positive results of 

vildagliptin in clinical trials,One of the issues encountered with the use of 2-cyano pyrrolidine derivatives is their stability in 

solution due to the participation of cyano group in an intramolecular cyclisation Process leading to inactive products [69]. 

Advantage:  

•  Moderate glucose-lowering effect 

• Decreases postprandial glucose 

•  Oral route 

•  No hypoglycemia  

• Decreases BP 

Disadvantage:  

• Concern regarding acute Pancreatitis. 

• Pancreatic disease 

• Arthritis 

• Bullous pemphigoid 

• Relatively expensive 

• Modest glycemic lowering.  
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 Advantages of phytosomes:  

1. Enhancing the absorption of lipid-insoluble polar botanical extracts through both oral and topical routes leads to 

improved bioavailability, resulting in significantly enhanced therapeutic benefits 

2.  Improved absorption of active constituents allows for achieving desired results with smaller doses. 

3. Phosphatidylcholine, a key component in phytosome preparation, acts not only as a carrier but also exhibits 

hepatoprotective properties, providing a synergistic effect when combined with other hepatoprotective substances. 

4. The enhanced stability profile of phytosomes is attributed to the formation of chemical bonds between 

phosphatidylcholine molecules and botanical extracts. 

5. Phytosomes possess the ability to transition effectively from a hydrophilic environment to the lipid-friendly 

environment of cell membranes, facilitating systemic targeting. 

6. Widely utilized in cosmetics, phytosomes penetrate the skin more effectively due to their high lipid profile.By 

improving the solubility of bile for herbal constituents, phytosomes aid in liver targeting. 

7. Phospholipids, particularly phosphatidylcholine, play a dual role in phytosomes, serving as both a carrier and 

providing health benefits such as hepatoprotection. 

8. Increased absorption of hydrophilic active constituents contributes to enhanced efficacy. 

9. Improved efficacy reduces the required dosage.Phytosomes exhibit superior stability compared to traditional 

formulations. 

10. The lipid layer surrounding phytoconstituents in phytosomes enhances their permeation through the skin, thereby 

increasing effectiveness. 

11. Enhancing the solubility of bile for herbal constituents in phytosomes aids in liver targeting. 

12. Phytosomes enhance the solubility of bile for herbal constituents. 

13. Phytosomes prolong the duration of action.[70,71,72,73]  

14. Phytosomes exhibit superior stability compared to traditional formulations. 

                                  Fig. No. 1: Phytosome. 

 Mechanism of Phytophospholipid Complex Formation  

Flavonoid nutrients have poor absorption due to two primary factors. Firstly, their molecular structure consists of 

multiple rings, making them too large for simple diffusion across the intestinal lining into the bloodstream, unlike 
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certain vitamins and minerals that are actively absorbed. Secondly, flavonoid molecules generally do not mix well with 

oils and lipids, limiting their ability to pass through the lipid-rich membranes of enterocytes, the cells lining the small 

intestine.Phytosome technology addresses this challenge by forming complexes known as phytosomes. This process 

involves mixing a standardized extract or polyphenol constituents, such as simple flavonoids, with a stoichiometric 

amount of phospholipid (phosphatidylcholine) in a non-polar solvent. Phosphatidylcholine consists of a lipophilic 

phosphatidyl moiety and a hydrophilic choline moiety. The choline head of the phosphatidylcholine molecule binds to 

the flavonoid compounds, while the lipid-soluble phosphatidyl portion envelops the bound material, creating a lipid-

compatible molecular complex known as a phyto phospholipid complex [74-75] 

 

APPLICATIONS OF PHYTOSOMES: 

1. Silymarin Phytosomes : The majority of phytosomal research has centered on Silybum marianum (milk thistle), 

renowned for its premier liver-protectant flavonoids. Yanyu et al. (2006) undertook the preparation of silymarin 

phytosome and investigated its pharmacokinetics in rats.In the studies, the Bioavailability of silybin in rat was 

increased Remarkably after oral administration of silybinphospholipid complex due to an impressive Improvement 

of the lipophilic properties of silybinphospholipid complex and improvement of biological Effect of silybin..[76] 

                                                   Fig. No. 2: Silymarin  

2. Curcumin Phytosomes : Maiti et al. (2006) developed the phytosomes of Curcumin (flavonoid from Curcuma 

longa, turmeric) And naringenin (flavonoid from grape fruit, Vitis Vinifera) in two different studies. The 

antioxidant Activity of the complex was significantly higher than Pure curcumin in all dose level tested. [77]. 

                                  Fig. No. 3: curcumin  
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3. Phytosomes of grape seed : 

Grape seed phytosomes consist of oligomeric polyphenols, specifically grape proanthocyanidins or procyanidins 

extracted from grape seeds (Vitis vinifera), complexed with phospholipids. Procyanidine flavonoids found in grape 

seed exhibit various properties, including enhancing total antioxidant capacity, stimulating physiological defenses in 

plasma, protecting against ischemia/reperfusion-induced damage in the heart, and exerting protective effects against 

atherosclerosis. These properties contribute to significant protection against cardiovascular diseases and other organs 

through mechanisms extending beyond their antioxidant effects.                 

            .                                                 Fig 4 : Grape seed. 

4. Phytosomes of Gingko biloba leaves 

Research indicates that ginkgo phytosomes, derived from a standardized extract of Ginkgo biloba leaves, 

demonstrate superior efficacy compared to conventional extracts from the plant, such as GBE (containing 24% 

ginkgo flavones glycoside and 6% terpenes lactones). In a bioavailability study involving healthy human 

volunteers, levels of GBE constituents (flavonoids and terpenes) peaked three hours post-administration and 

remained elevated for at least five hours with phytosomal formulation. Notably, phytosomal GBE resulted in 2-

4 times higher plasma concentrations of terpenes compared to non-phytosomal GBE. Its primary indications 

include cerebral insufficiency and peripheral vascular disorders, with potential benefits in improving reduced 

cerebral circulation. The enhanced oral bioavailability and favorable tolerability profile position phytosomal 

GBE as the preferred choice for long-term treatment. Clinical trials involving ginkgo phytosomes in patients 

with peripheral vascular disorders have demonstrated a 30-60% greater improvement compared to standard GBE 

formulations.                                                                                
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Fig 5: Gingko biloba leaves.     

 Phytosomes products  

Phytosomes delivery forms have been developed by Indena starting from the late eighties. In the table below Are 

reported current commercially available products. 

 Phytosomal products show their potential in cosmetics as Anti-aging agents and for the use of other non-pathogenic 

Skin conditions. Phytosomes can play a vital role in Efficient drug delivery of a broad spectrum of Hepatoprotective 

phytoconstituents like flavones, Xanthones, terpenes, etc. More recently, these are Considered as a value-added drug 

delivery system. From The literature, it is very evident that several plant extracts Possess different significant 

pharmacological or health promoting properties. These extracts can be standardized Accordingly and may be 

formulated as phytosomes for Systematic investigation of any improved potential and Can be used rationally. After 

screening and selection of Potential extracts or constituents from plants, Phytosomes can be developed for therapeutic 

purposes Like cardiovascular, anti-inflammatory, immunemodulator, anti-cancer, anti-diabetic, etc. [79]. 

 Properties of Phytosomes 

1. Physicochemical Properties:Phytosomes are formed by reacting a stoichiometric amount of phospholipid with a 

standardized plant extract. Spectroscopic analysis indicates that the interaction between phospholipid and substrate 

occurs through hydrogen bonding between the polar head (phosphate and ammonium group) and the substrate's polar 

functionalities.The size of phytosomes ranges from 50 nm to a few 100 µm.When exposed to water, phytosomes adopt 

a micellar shape similar to liposomes, as observed through Photon Correlation Spectroscopy (PCS). 

2. Biological Properties:Phytosomes, as novel complexes, exhibit enhanced absorption and utilization, resulting in 

greater bioavailability and improved outcomes compared to conventional herbal extracts or non-complexed extracts. 

This has been demonstrated through pharmacokinetic studies and pharmacodynamic tests in both experimental animals 

and human subjects.The behavior of phytosomes in physical and biological systems is influenced by factors such as 

their physical size, membrane permeability, percentage entrapment, chemical composition, and the quantity and purity 

of materials used. 

3. Comparison with Other Phytosomes:Numerous studies have compared phytosomes with other formulations, 

highlighting their superior bioavailability, absorption, and therapeutic efficacy over liposomes. These comparisons 

have been extensively documented in research literature. 

 

 PREPRATION OF PHYTOSOMES: 

http://www.ijrti.org/
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 Solvent evaporation method: 

 The solvent evaporation methods involves integration of the phytoconstituents and PC during a flask Containing 

organic solvent. This reaction mixture is kept at an optimum temperature usually 40°C for Specific interval of 1 hr to 

achieve maximum drug entrapment within the phytosomes formed. Thin film Phytosomes are seprated by 100 mesh 

sieves and stored in desiccators for overnight [82].  

Fig. No. 6: Solvent Evaporation Method. 

 Mechanical Dispersion Method 

During the experiments, the lipids dissolved in an organic solvent come into contact with an aqueous phase 

containing the drug, as described by Sikarwar MS et al. in 2008. Subsequent removal of the organic solvent 

under reduced pressure leads to the formation of the phyto-phospholipid complex. 

                           Fig 7: Mechanical Dispersion Method  
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 Salting out  technique 
 A crucial technique for preparing phytosomes involves dissolving both phosphatidylcholine (PC) and the plant extract 

in a suitable organic solvent. Subsequently, n-hexane is added until precipitation of the extract-PC complex is observed. 

[83]. 

Fig. No. 8 : Saltingout Technique 

 4-Freeze drying or lyophilization . 

The lyophilization technique DSN was plenarily dissolved in DMSO. The resulting DSN solution (2.5% 

Weight/volume) was added to the answer of SPC dissolved in t-butylalcohal (1.5% weight/volume) Followed 

by stirring for 3 hours on a magnetic stirrer until complex formation. 

Fig No.9 : Freeze Drying or Lyophylization 
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 Process:  

Fig. No. 10 Process of Lyophylization. 

Characterization and Evaluation of Phytosomes: 

Physical characteristics of phytosomes, such as shape, size, distribution, percentage of drug capture, volume Of entrapped drug, 

percentage of drug release, and chemical make up phytosomes. Therefore, physical size, Membrane permeability, the 

percentage of solutes that are entrapped, chemical composition, amount, and Purity of the starting material all affect how 

phytosomes behave in both physical and biological systems. 

a) Visualization: Transmission electron microscopy (TEM) allows for the observation of phytosomes, while the 

Ultracentrifugation method is employed to quantify their size. 

b) Transition Temperature: The transition temperature of vesicular lipid systems can be determined using a differential 

scanning calorimeter. 

c) Measuring Surface Tension Activity: A Du Nouy ring tensiometer is utilized to assess the drug's surface tension activity 

in an aqueous solution. 

d) Vesicle Stability: Structural changes in vesicles are monitored using Transmission Electron Microscopy (TEM), while 

Dynamic Light Scattering (DLS) measures mean size. 

e) Drug Content: Spectroscopic methods or modified high-performance liquid chromatography (HPLC) can be employed to 

determine drug content. 

f) Vesicle Size and Zeta Potential: Dynamic Light Scattering (DLS), alongside a computerized inspection system, determines 

particle size and zeta potential. 

g) Differential Scanning Calorimetry: Drug polyphenolic extract and phosphatidylcholine are heated from 0 to 400°C at a 

rate of 50-250°C/minute in a nitrogen atmosphere to assess their interactions. 
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h) Scanning Electron Microscopy (SEM): SEM is used to measure particle dimensions and visualize characteristics. Samples 

are applied to a gold-coated brass stub and observed at a magnification of 100. 

i) Entrapment and Loading Capacity: Phytosomes are separated from untrapped drug by centrifugation, and UV 

spectroscopy quantifies the amount of free drug. The percentage of drug entrapment is determined using a formula. [83,84] 

Conclusion : 

Nanopharmaceuticals utilizing plant extracts offer a promising strategy for managing diabetes, leveraging the therapeutic 

advantages of natural compounds alongside advanced drug delivery systems. These nano-formulations improve the 

bioavailability, stability, and targeted delivery of plant-derived antidiabetic agents, potentially enhancing efficacy and 

minimizing side effects. Research indicates that such approaches enable sustained release of active ingredients, leading to 

improved control of blood glucose levels and reduced toxicity. Nonetheless, further comprehensive clinical trials and long-

term investigations are necessary to comprehensively assess their safety, effectiveness, and potential for incorporation into 

standard diabetes treatment regimens." 
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