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pneumoniae, therefore, the fabricated dual nano delivery system is an efficacy material for 

treatment of pneumococcal infections. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the problem 
 

For safety, cultural acceptance, and less side effects, herbal medicine provides a versatile 

source for medicine for couple of years. Because of the medicinal and pharmacologically 

significant active substances in plants, there is interest in studying them (Kumar et al., 2017). 

However, the utility of herbal medicine is challenged by poor bioavailability (Mukherjee, 

2015). Polyphenol is one of the classes of phyto-based antibacterials that have shown the 

potential to eradicate a number of bacterial infections, but their limited bioavailability due to 

oxidation degradation in gastrointenstinal environment reduce their potential as antibacterial 

agents (Cory et al., 2018; Ydjedd et al., 2017; He et al., 2019; Wang et al., 2019; Dai et al., 

2020). 

 
Investigation of the bioaccessibility of several classes of polyphenols reveals degradation 

highly demonstrated in some compounds, such as flavonoids apigenin (Wang et al., 2019) This 

compound demonstrated bioaccessibility of 20.26 ± 3.06%, with a loss of 79.74 ± 3.06% in the 

gastric phase. Epigallocatechin gallate (EGCG) was reported to be mostly affected in 

gastrointenstinal environment (Dai et al., 2020), degraded by half of its amount (50%) after 

staying for half an hour and disappeared completely after two (2) hours (Di Salle, 2016). 
 

Oral administration is a viable route for drugs, with three major phases: mouth, gastric, and 

intestinal. These environments have acidic and alkaline conditions and have enzymes which 

extensively degrade some compounds such as polyphenols (Nguyen et al., 2016). Over the last 

decade, polymeric nanostructures, inorganic nanoparticles, dendrimers, and liposomes, among 

others provided an extensively nanodelivery system for herbal based antibacterial such as 

polyphenols (Abeylath & Turos, 2008; Prakash et al., 2017; Vankataraju et al., 2014) 

 
Liposomes, which are now FDA-approved, have been applied in the field of nanomedicine to 

deliver drugs and nutraceuticals (Hatamie et al., 2015). Liposomes have small vesicle size 

range of 20 to 100 nm (Sanwal & Chaudhary, 2011; Mutlu et al., 2022)), cellular biocompatible 

and have the ability to mimic biological structures such as cell membranes, and 

biodegradability (Farouk et al., 2012). They also have the capacity to carry high payloads of 

drugs (Farouk et al., 2012). Further more, they lack immune system activation (Song et al., 
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bacteria. Surface functionalization of ZnO improves the antibacterial activity (Sirelkhatim et 

al., 2015). One of strategy which improves antibacterial activity of ZnO is capping with 

polymeric biomaterial such as chitosan. 

 
Carissa spinarum a medicinal plant used as both food and as medicine (Berhane et al., 2020) 

is a shrub found in the family Apocyneceae, survive at drought area and widely distributed in 

tropical regions (Fatima et al., 2013), used to treat several diseases, including gonorrhoea, 

diarrhea, sphillis, cough remedies (Ansari & Patit, 2018), viral diseases (Fatima et al., 2013), 

chest pains (Mworia et al., 2015), anti-inflammatory (Ansari & Patit, 2018). More over the 

parts of this plant exhibit antioxidant properies (Mundaragi & Thangadurai, 2018), a purgative, 

and be used to treat worms (Harwansh et al., 2010). The plant contains medicinal compounds, 

such as polyphenols, for the treatment of many diseases (Rubaka et al., 2014). Nevertheless, 

the antimicrobial activity is limited by low efficacy (Rubaka et al., 2014). 

 
The need underscored for the utilization of Carissa spinarum for treatments of several diseases 

is due to its safety for human use (Fatima et al., 2013). The government of Tanzania approved 

Carissa spinarum as safe for human use (Malebo & Mwambo, 2012). Carissa spinarum kept 

much attention in the community as a magic tree (Slathia et al., 2017), attracting the users with 

its potential for treating several ailments. Carissa spinarum leaves are highly distributed with 

polyphenols (Sharma et al., 2023) and have traditionally been used for the treatment of diseases 

such as pneumonia (Ibrahim et al., 2010; Maobe et al., 2012). For instance, the analysis of 

phytochemicals in Carissa spinarum leaf extract was reported by Tiruneh et al. (2022) to be 

trihydroxyl pentanoic acid, a polyphenol reported to contribute antibacterial activity against  

tested respiratory infectious pathogens (S. aureus, S. pneumoniae, and K. pneumoniae). 
 

The utilization of Carissa spinarum leaves has an advantage as compared to roots, bark, and 

fruits. Harvesting roots and bark can be challenged by environmental deterioration, while fruits 

are seasonal (Siyum & Meresa, 2021). The leaves are abundant and can be harvested with 

minimal plant damage. Propagation of the Carissa spinarum species in botanical gardens and 

industrial synthetics of the similar or analogue antibacterial compound as found in the leaves 

of Carissa spinarum will sustain the availability of the potential antibacterial compounds. In 

silico and biomolecule computation approaches would help to screen the most potent analogues 

against bacterial infectious disease before synthesizing and testing their activity (Breijyeh & 

Karaman, 2023; Rahman et al., 2022). 
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Limited findings have been reported on the integration of two nanohybrid systems to form the 

Dual Nanohybrid Delivery System (DN-DS) for the advancement delivery of a phyto-active 

antibacterial substance. In this study, a Dual Nanohybrid Delivery System (DN-DS) was 

generated by the fabrication of liposome-chitosan-ZnO and integrated with Carissa spinarum 

polyphenols (LipCsP/ZnO)-CT for improvement of the efficacy of Carissa spinarum against 

Klebsiella pneumoniae and Staphylococcus aureus. Interestingly, DN-DS delivered herbal 

antibacterial (polyphenol) and inorganic antibacterial (zinc oxide) agents simultaneously 

against Klebsiella pneumoniae and S. aureus. The two antibacterial substances delivered by 

DN-DS, polyphenol and zinc oxide, are essentially combined to improve antibacterial activity 

against Klebsiella pneumoniae and S. aureus by the mechanism depicted in Fig. 1. The system 

was shown to be more stable, improve the bioavailability of polyphenols, and be more effective 

against bacteria than LipCsP, LipCsP-chitosan, and ZnO-chitosan on their own. 
 

Streptococcus pneumoniae and S. aureus are pathogens that contribute to some bacterial 

infections, such as respiratory and urinary tract infections (Caneiras et al., 2019). These are 

among the pathogens causing respiratory infections (Control & Prevention, 2010). Bacterial 

infections were reportedly the second-leading cause of death in 2019 after ischemic heart 

disorders, affecting all age groups and contributing to 7.7 million fatalit ies globally (Kravanja 

et al., 2019). Five bacteria Staphylococcus aureus, Streptococcus pneumoniae, Klebsiella 

pneumoniae, Pseudomonas auregnosa, and E. coli were responsible for 55% of the 7.7 million 

deaths, with S. aureus being mostly responsible for up to 1.1 million of those deaths (Gatica et 

al., 2023; Ravanja et al., 2019). 

 
According to this data, respiratory pathogens (such as S. aureus, Streptococcus pneumoniae, 

and Klebsiella pneumoniae) accounted for the majority of the recorded deaths. According to 

Nguyen et al. (2017), K. pneumoniae causes more newborn fatalities than Streptococcus 

pneumoniae does for deaths in children and the elderly. Finding effective medications to 

prevent the aforementioned pathogens that cause respiratory infections is necessary because 

restricted breathing is one of the most dangerous symptoms of an acute respiratory infection, 

making respiratory illness a particularly dangerous condition (Nguyen et al., 2017). 

Furthermore, due to the fact that their immune systems continue to develop, babies and children 

who are 2 years old or less are more vulnerable (Zhang et al., 2022). For older adults, age 65 

or older, their immune system generally weakens as they age (Simon et al., 2015). 
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According to Vila-Corcoles et al. (2009), older persons are also more likely to have other 

chronic (long-term) health issues that increase the risk of pneumonia. Apart from the risky 

respiratory infections that lower immune individuals are more susceptible to, the rapid increase 

in antibiotic resistance increases the need for the development of alternative antibacterials for 

treating pneumonia (Arato et al., 2021; O'Neill, 2016). According to Thai et al. (2023), the 

fluoroquinolone antibiotic ciprofloxacin is used to treat bacterial illnesses such as pneumonia 

and urinary tract infections. According to Hangas et al. (2018), bacterial DNA topoisomerase 

and DNA gyrase are both inhibited by the antibiotic ciprofloxacin, which prevents DNA 

replication. Fluoroquinolones are the best at treating bacterial infections, although they are 

constrained by antibiotic resistance (Shariati et al., 2022) 
 

Three bacterial targets, cell wall synthesis, translational machinery, and DNA replication 

machinery, are among the targets of the main classes of antibiotics currently in use. Each of 

these routes of action, however, is susceptible to bacterial resistance developing (Uddin et al., 

2021). The development of enzymes like -lactamase and aminoglycosides, which alter or break 

down antibiotics, is an important aspect of the emergence of resistance (Munita & Arias, 2016) 

Vancomycin resistance is caused by modifications to cell components such the cell wall while 

tetracycline resistance is caused by modifications to the ribosome and expression of the efflux 

pump (De Gaetano et al., 2023). In comparison to conventional antibiotics, nanoparticles can 

circumvent existing resistance mechanisms and may be less susceptible to selection for 

resistance. 
 

Drug delivery methods such liposomes, polymeric delivery systems, and mettalic nanoparticles 

have been shown to interact with bacterial cell walls, trigger innate and adaptive host 

immunological responses, and produce reactive oxygen species (Hosseini et al., 2022). 

Nanoparticles can affect the innate immune system response against bacteria in a variety of 

ways, such as coating the surface of the bacteria (Imran et al., 2022; Makabenta et al., 2021), 

which inhibits cellular uptake. Some bacterial strains, for example, Staphylococcus aureus, 

have developed an immune system bypass mechanism by releasing biofilms that lead to a 

significant reduction in the detection of any immune response. 

 
Frequent administration of conventional formulations of several antibiotics with short half- 

lives is required to sustain antibacterial action. Otherwise, during anti-infective treatment, 

concentrations below the MIC commonly occur, which promotes antibiotic resistance (Gao et 

al., 2011). Extended-release dosage forms optimize the therapeutic efficacy of antibiotics while 
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potential to eradicate a number of bacterial infections, but their limited bioavailability due to 

oxidation degradation in gastrointenstinal environment reduce their potential as antibacterial 

agents (Cory et al., 2018; Ydjedd et al., 2017; He et al., 2019; Wang et al., 2019; Dai et al., 

2020). For instance, Flavonoid apigenin upon subjection to Gatrointenstinal environment 

reported to degrade by almost three-quarter of its composition, while bioassessibility was 20.26 

± 3.06% (Wang et al., 2019). 
 

Epigallocatechin gallate (EGCG), which contains a large number of active phenolic hydroxyl 

groups, was reported to be unstable in simulated gastrointestinal fluid (Dai et al., 2020). 

Another study conducted by Di Salle (2016) on the investigation of the degradation effect on 

polyphenols in the presence of a simulated gastrointenstinal environment, reported that EGCG 

degraded by half of its amount (50%) after staying for half an hour and disappeared completely 

after two (2) hours. Oral administration is a viable route for drugs, with three major phases: 

mouth, gastric, and intestinal. These environments have acidic and alkaline conditions. For 

example, in the gastric phase, the pH ranges from 1 to 3, rises to 7.7 in the ileum, and becomes 

7 in the colon. Another harsh environment the drugs face in the digestive gut is the presence of 

pancreatic enzymes and bile salts, which contribute to the degradation of drug carriers. 

 
Variation of pH and the presence of pancreatic enzymes such as lipase play roles in the 

degradation of delivery systems such as liposomes (Nguyen et al., 2016). Herbal -based 

antibacterial have lesser effect of inhibiting bacterial growth as compared to conventional 

medicine. According to Rubaka et al. (2014), methanol extract of Carissa spinarum displayed 

66.97% percentage relative inhibition zone diameter (RIZD) against E. coli, which was lower 

than the percentage RIZD exhibited by ciprofloxacin, which virtually completely eradicated 

those bacteria (Rubaka et al., 2014). To improve bioavailability and efficacy, liposome has 

been used to deliver herbal medicine. However, its application is limited by the high 

susceptibility to degradation particularly when subjected to gastrointestinal environment. 

Modified liposome-based coating of cationic capping agent embedded in inorganic 

nanoparticles to form Dual Nanohybrid Delivery System (DN-DS) is plausible approach to 

overcome the poor stability of liposome delivery system and improve the bioavailability of 

herbal based antibacterial. 
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1.3 Rationale of the study 
 

Several delivery systems for improving the bioavailability of herbal-based antibacterials have 

been reported in the literature. However, none have been studied using a Dual Nanohybrid 

Delivery System (DN-DS) based on biomimetic-inorganic hybrid material that is smartly 

fabricated to deliver both herbal antibacterial (polyphenol) and inorganic antibacterial (ZnO) 

simultaneously against Klebsiella pneumoniae and S. aureus. The enhancement of the surface 

charges of DN-DS creates high affinity for binding with bacterial cellular surface (Fig.1), 

which leads to destruction of the bacterial cell. The DN-DS system is stabilized by cationic 

capping agent (chitosan), which improves the DN-DS positive charge. 

 
Klebsiella pneumoniae and S. aureus are pathogens that contribute to bacterial infections, such 

as respiratory and urinary tract (Caneiras et al., 2019). Some of the structures that build the cell 

wall of these bacteria include complex surface proteins, lipid structures, polysaccharides, and 

teichoic acid, which are attributed to the presence of charged moieties (Adibkia et al.,2016). 

The special receptor molecules, such as the complex surface proteins of the bacterial cell wall, 

have structures that enable the engineering of the antibacterial nanomaterial with prominent 

binding affinity to the bacterial wall. Some of the features of the complex surface protein are 

the charged species that can bind electrostatically with engineered antibacterial nanomaterial. 

 
The surface modification of nanobiomaterial by incorporating binding moieties to complex 

surface proteins triggers disintegration of the bacterial cellular wall. The ability of the 

polycationic surface of DN-DS to adhere to the bacterial cellular wall significantly improves 

the antibacterial activity. In order to adhere to the bacterial cellular wall, the synthesized 

nanohybrid system may fuse with the cell wall or membrane and release active ingredients, or 

it may adsorb to the cell wall and provide an antibiotic depot there that will release molecules. 
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Figure 1: Antibacterial interaction between lipid nanoparticles and inorganic 

nanoparticles to generate Zinc oxide nanoparticles (ZnO) and polyphenol 
against bacteria 

 
1.4 Study objective 

 
1.4.1 General objective 

 
To develop a dual nanohybrid system based on polymer and inorganic materials combined with 

herbal antibiotic like Carissa spinarum polyphenols in order to establish a viable drug delivery 

method against bacterial infections. 

 
1.4.2 Specific objectives 

 
(i) Characterization and development of the nanoformulations: LipCsP, LipCsP-chitosan, 

ZnONPs, ZnO-Chitosan, and (LiPCsP/ZnO)-CT in terms of their size, shape, functional 

group interaction, and capacity to encapsulate and release polyphenols 
 

(ii) Evaluate the bioavailability of Carissa spinarum polyphenol (CsP) encapsulated by 

LipCsP, LipCsP, LipCsP-chitosan and (LiPCsP/ZnO)-CT in simulated gastro-intestinal 

fluid. 

 
(iii) Combine LipCsP and ZnO nanoparticles, both of which are coated with chitosan, in 

order to ascertain how they interact in a Dual Nano Delivery System (LipCsP/ZnO)- 

CT to increase antibacterial activity against Klebsiella pneumoniae and Staphylococcus 

aureus. 
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(iv) Evaluate the in vitro-inhibitory effect of antimicrobial nanoformulations (CsP, LiPCsP, 

LipCsP -Chitosan, ZnONPs, ZnO -Chitosan, LipCsP-ZnO)-CT against Klebsiella 

pneumoniae and Staphylococcus aureus. 

 
1.5 Research hypothesis 

 
(i) There is a significance difference in antibacterial activity among CsP, LiPCsP, LipCsP- 

Chitosan, ZnONPs, ZnO-Chitosan formulations against K. pneumoniae and S. aureus. 
 

(ii) There is a significance difference in polyphenols bioavailability between CsP, LiPCsP, 

LipCsP-Chitosan, ZnONPs, ZnO-Chitosan and (LipCsP-ZnO)-CT formulations. 
 

(iii) There is a significance interaction of LipCsP-Chitosan and ZnO-chitosan nanohybrid 

systems against K. pneumoniae and S. aureus. 

 
1.6 Significance of the study 

 
The development of the Dual Nanohybrid Delivery System (LipCsP-ZnO)-CT, which 

combines Carissa spinarum extract with chitosan, ZnO, and liposomes, has shown significant 

potential to effectively eradicate bacterial pathogens such as K. pneumoniae and S. aureus. The 

materials used to fabricate this system, including chitosan, ZnO, and liposomes, are safe for 

human use and have been approved by the FDA for consumption. Therefore, the Dual 

Nanohybrid Delivery System (LipCsP-ZnO)-CT has the potential to be advanced into a viable 

antibacterial agent, improving the management and prevention of Staphylococcus aureus and 

Klebsiella pneumoniae infections, including those that cause pneumonia. 

1.7 Delineation of the study 
 

The bacterial cell wall is a preferred target choice because it possesses a crucial structural 

component that permits the binding of (LipCsP-ZnONPs)-CT. The surface of bacterial cells is 

negatively charged structurally. The kind of charges present in nano antibacterial material 

restricts the design of nano antibacterial that relies on the binding mechanism with bacterial 

cellular wall. It is crucial that the (LipCsP-ZnONPs)-CT be stabilized with a cationic surface 

in order to generate a strong binding affinity with the bacterial cell surface and cause the 

bacterial cell wall to be destroyed. 



11  

CHAPTER TWO 

LITERATURE REVIEW 

2.1 Medicinal and Antimicrobial Properties of Carissa spinarum 
 

Carissa spinarum L., a medicinal plant that may grow up to 3 meters tall and has green leaves, 

belongs to the Apocynaceae family and is a widely distributed shrub (Rubaka et al., 2014). In 

tropical areas, it is known as "Magic Shrub," capable of treating of diseases (Table 1) affecting 

human such as bacterial, worm and viral diseases (Ansari & Patit, 2018). Carissa spinarum has 

long been used to treat bacterial diseases such as pneumonia, sphillis, and typhoid fever, 

according to Dhatwalia et al. (2021). Some plant parts, such as fruits, are utilized as 

nourishment for humans and animals in addition to being used as a cure for ailments (Berhanu 

et al., 2020; Dhatwalia et al., 2021; Pap et al., 2021). The fruits are consumed because they are 

high in vitamin C and iron (Tsao, 2010). 

 
The presence of phytochemicals in this plant, such as phenolic compounds tannins, attests to 

its potential for disease therapy (Berhanu et al., 2020; Dossou-Yovo et al., 2021). Carissa 

spinarum leaves are high in polyphenols, such as flavonoids (Ansari & Patil, 2018). 

Polyphenols are distinguished by the presence of a hydroxyl function group (Gorniak & 

Kroliczewski, 2018), which is one of the primary moieties exhibiting antibacterial action 

(Kumar & Goel, 2019; Ofosu et al., 2020; Pandey & Rizvi, 2009; Swallah et al., 2020). This 

function group involves inhibition of the bacteria through hydrogen bonding and damage to the 

cellular wall (Gorniak & Kroliczewski, 2018), despite its easy degradation in the gastric and 

enzymes that lower its bioavailability (Manach et al., 2004; Marin et al., 2015; Scheepens et al., 

2010). 

 
Carrissa spinarum leaves contains antibacterial which saves as raw materials in the 

pharmaceutical industry for the advancement of potential antibacterial drugs for the prevention 

of bacterial infectious diseases. Propagation of the Carissa spinarum species in botanical 

gardens and industrial synthetics of the similar or analogue antibacterial compound as found in 

the leaves of Carissa spinarum will sustain the utility of this potential plant as an antibacterial. 

Since the plant belongs to a shrub, it glows with the bulkiness of the leaves and the availability 

of primary raw materials for production. 
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Table 1: Antibacterial activity of parts of C. Spinarum against different bacteria species 
Part of plant 
investigated 

Tested bacteria 
MIC 
(mg/mL) 

Reference 

Leaves Pseudomonas aeruginosa   
 Proteus mirabilis 0.5 Berhanu et al. (2020) 
 Staphylococcus aureus   

Leaves, roots, stem, 

stembark 

Mycoplasma mycoides 0.02 Kama-Kama et al. 
(2016) 

Root, Leaf E. coli, Proteus, P. 
auregnosa 

6.25 Kumar and Singh 
(2017) 

Root, leaf and bark Escherichia coli, 
Staphylococcus aureus 

0.312 (Rubaka et al. (2014) 

Roots Staphylococcus aureus, 
Streptococcus species 

0.125 Sanwal and 
Chaudhary (2011) 

Fruits Staphylococcus aureus, 
Bacillus subtilis, Salmonella 
typhii, Escherichia coli 

0.600 Doshi et al. (2017) 

*Note: Minimum Inhibition Concentration (MIC) 
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Figure 2: Carissa spinarum (Fatima et al., 2013) 
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Approximately 50% of the weight of biological membranes is made up of glycerol 

phospholipids (Daraee et al., 2016). The substantial saturation of the glycerol phospholipid as 

it appears in fatty acid ester contributes to its structural characteristics. Additionally, variations 

in chain length contribute to modifications in glycerol's structural characteristics. (Renne & de 

Kroon, 2018). Variations in head structure also affect the characteristics of phospholipids; for 

instance, the amide bond is more stable than the ester bond and more resistant to deterioration 

and hydrolysis processes (van Hoogevest & Fahr, 2019; Li et al., 2015). In presence of alkaline 

environment, the phospholipid exhibit hydrolysis reaction (Narasimhan et al., 1997). 
 

Figure 3: General structure and constituents of phospholipids (Manikandan et al., 2019) 
 

2.3 Vesicle formation 
 

When exposed to an aqueous environment, phospholipids self-rearrange into bilayer vesicles 

and form a lipid bilayer (non-polar ends) that encloses the core structure (polar ends) (Ag Seleci 

et al., 2016; Kundu et al., 2018). The entropy of water hydrogen carbon interaction associated 

with the self assembly of lipids when dissolve to exceed Critical Micellar Concentration. 

(Huang et al., 2017). In addition to vesicles like liposomes, the fabrication of lipid materials 

results in the synthesis of hexagonal phases, cubic phases, and micelles (Huang et al., 2017; 

Jain et al., 2014). During lipid assembly, a generally low energy equilibrium between the 

hydrophobic and repulsive interactions between the restricted head groups is reached (Kundu 

et al., 2018). 

 
Temperature, pH fluctuation, CMC, and lipid chemical structure, among other factors, 

influence the morphology and size of liposomes during their formation (Sych et al., 2018; 

Ashok et al., 2004). When double bonds are present in the lipid chain in the Cis or Trans 
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configuration, the melting transition temperature decreases (Monteiro et al., 2014). Liposome 

production is affected by changes in the geometry of the phospholipids' heads (Tapia et al., 

2013). Depending on the form of the lipid molecules, micelles over bilayers may be preferred 

if electrostatic repulsion between the head groups is strong (Cooke & Deserno, 2006). When 

the head of a lipid molecule is larger than the tail, micelle formation occurs (Monteiro et al., 

2014). 

 
Under the CMC, a vesicle or planar membrane stable liposome forms when the head's size is 

comparable to the tail's size, turning the lipid molecule into an effective cylinder (Claessens et 

al., 2007; Monteiro et al., 2014). The temperature at which a lipid molecule enters a phase 

change is known as Tm (Miaorong Yu et al., 2019). Under the transition point (Tm), lipid is a 

liquid, and above Tm, it is a solid (Zook & Vreeland, 2010). Temperature also influences 

membrane elasticity, viscosity, free energy, diffusion coefficient, and growth rate (Zook 

&Vreeland, 2010). Understanding lipid TM is crucial because it influence formation of 

liposomes; for instance, thin film hydration is sensitive to TM, which should be above for 

optimal lipid vesicle formation (Chen et al., 2018). Table 3 lists various phospholipids' 

transition temperatures. 

 
Table 3: Transition temperature of some phospholipids 

Name of phospholipids Molecular 
weight Transition temperature (TM) 

DMPC 677.94 23 
DOPC 786.12 -22 
DSPC 790.15 55 
DPPE 691.97 67 
DPPC 734.05 41 
DPPG 744.96 41 

Phospholipid transition temperature: dipalmitoyl phosphatidyl ethanolamine (DPPE), 
dipalmitoyl phosphatidyl glycerol (DPPG), diocyl phosphatidyl choline (DOPC), distearoyl 
phosphatidyl choline (DSPC), and dimyristoyl phosphatidyl choline (DMPC). 

 
2.4 Liposomes: Preparation and characterization 

 
Liposomes (Fig. 4) are considered to be amphipathic lipid assemblies (Abdul et al., 2014; Aisha 

et al., 2014). When phospholipid interacts with the aquatic environment, it forms a vesicle 

construct (liposome) with hydrophilic part and hydrophobic part (Dua et al., 2012; Heneweer 

& Penate- Medina, 2012; Gao et al., 2013). The majority of liposomes are produced utilizing 

diverse methods (Fig. 5). The loading of the drug depends on its compatibilityin hydrophobic 
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or hydrophilic parts of liposome, normally loaded before or during preparation of liposome 

(Nsairat et al., 2022), however for lipophilic substance, and ionizable drug they are loaded 

through remote loading (Dua et al., 2012). 

 
The choices of the method for liposome preparation influencies lamellar structure, morphology 

and size of liposome (Lombardo & Kiselev, 2022). The major steps for formation of lipid film 

are dissolution of lipid in organic solvent followed by solvent removal by using rotary 

evaporation (Chen et al., 2019; Dua et al., 2012). The liposome formed by dissolution of lipid 

in organic solvent followed by hydration results into formation of large vesicles (Varona et al., 

2012; Mansoori et al., 2012; Zhang, 2017). Coupling the lipid thin film hydration technique 

with sonication method enabling reduction of liposome into small Unilamellar (Cho et al., 

2013). 
 

The sonic energy supplied by a probe or bath sonicator in sonication procedures effectively 

forms liposomes with sizes ranging from 15 to 50 nm (Dua et al., 2012). Bath sonication is 

generally preferred over probe sonication since the probe can emit titanium oxide and excessive 

heat, which can contribute to the breakdown and degradation of liposomes (Hadian et al., 

2014). French pressure cells are a more rapid, and reproducible method than sonication, which 

includes the extrusion of huge multilamellar vesicles through a small aperture (Ojha & Sharma, 

2018). Reverse-phase evaporation involves the formation of water in oil emulsions by brief 

sonication of a two-phase system containing phospholipids in an organic solvent and an 

aqueous buffer (Watwe & Bellare, 1995). Reverse-phase evaporation method entails formation 

of water in oils emulsions by removing organic solvent under reduced pressure. In this method 

the formation of liposome occurs when organic solvent is removed. The application of rotary 

evaporation enabling the removal of organic solvent (Fathalla et al., 2015; Shi & Qi, 2017). 
 

During ethanol injections, a lipid solution dissolved in ethanol is gently injected to the drugs 

dissolved in buffered aquous media (Bnyan et al., 2020). Following the elimination of ethanol 

by rotary evaporation, liposomes were formed (Gouda et al., 2021). Solubilizing lipids has 

been accomplished with detergents at crucial micelle concentrations (Keller et al., 2005). The 

detergent is removed once the lipids have been solubilized using dialysis, dilution, or column 

chromatography (Lombardo & Kiselev, 2022). Jiskoot et al. (1986), for example, produced 

liposomes by mixing micellar solutions containing octyl glucoside and egg 

phosphatidylcholine; dialysis was employed to remove detergent and was more effective than 

washing octyl glucoside. 
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Figure 4: Liposome structure (Nsairat et al., 2022) 

 
 

Figure 5: Method of liposome preparation (Dua et al., 2012) 
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Table 4: Different methods for nanoparticle characterization reported by Raliya et al. 
(2016) 

Nano particle properties 
Microscopy 
technique 

Centrifugation and 
filtration technique 

Spectroscopy 
and technique 

Agglomeration STEM, TEM, 
SEM, AFM, 
STM 

  

Nanomaterial structure AFM, CFM  NMR, XPS, 
Auger AES, 
AAS, ICP- 
MS/OES, XRD, 
EBSD 

Particle concentration AFM, CFM   

Morphology STEM, TEM, 
SEM, AFM, 
STM 

  

Particle Size/dimension STEM, TEM, 
SEM, AFM 

  

Size distribution STEM, TEM, 
SFM, AFM 

CFF, UC, CFUF SPMS, SAXS 

Dissolution  Dialysis, CFUF  
Speciation structure STEM, TEM, 

SEM, AFM, 
STM 

 XAFS, XRD, 
SANS 

Surface area and porosity    
Surface chemistry AFM, CFM  FTIR, Raman 

spectroscopy 
STEM stands for Scanning Transmission Electron Microscope; TEM stands for Transmission 
Electron Microscopy; SEM stands for Scanning Electron Microscopy; AFM stands for Atomic 
Force Microscope.STM stands for Scanning Tunneling Microscope.CFF stands for cross-flow 
filtration. CFUC stands for cross-flow ultrafiltration. SANS: small-angle neutron scattering; 
XRD: X-ray diffraction NMR stands for nuclear magnetic resonance. XPS stands for X-ray 
photoelectron spectroscopy; AES stands for Auger electron spectroscopy; and AAS stands for 
atomic absorption spectroscopy. ICP-MS/OES stands for inductive coupled plasma mass 
spectrometry and optical emission spectrometry. EBSD stands for electron backscatter 
diffraction. SPMS stands for solid phase molecular spectroscopy. SAXS stands for short angle 
x-ray scattering spectroscopy, and XAFS stands for X-ray absorption fine structure. CPC is for 
condensation particle counter; DMA stands for differential mobility analyzer; and UCPC 
stands for ultrafine condensation particle counter. SMPS stands for scanning mobility particle 
sizer. FTIR: Fourier Transform infrared, BET: Brunauer-Emmet-Teller. 
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2.5 Challenges of liposomes as drug delivery system 
 

Liposomes may deliver pharmaceuticals and nutrients (Shade, 2016; Wen et al., 2011) and 

remarkably a potential drug delivery system nevertheless challenges have been identified, 

including stability problems, short half-lives caused by modifying the permeability of the lipid 

bilayer membrane, leakage, and drug fusion (Chen et al., 2019; Lee & Thompson, 2017). 

According to this review, lipid peroxidation, lipid hydrolysis, changing the transition 

temperature, and nanoparticle aggregation are some of the factors that impair liposome delivery 

(Ayala et al., 2014). Lipid peroxidation occurs when polyunsaturated acid chains and free 

radicals interact to produce dienes (Catalá, 2013; Sadak et al., 2020). 

 
In the presence of acidic and basic environments, liposomes hydrolyze into fatty acid and 

glycerol phospholipid molecules, facilitating degradation and short lifetimes (Ayala & 

Arguelles, 2014; Ickenstein et al., 2006). Tc is the temperature at which the lipid bilayer 

membrane loses its ordered packing and becomes much more fluid. The bilayer membrane's 

permeability rises. The increase in Tc allows the things within to leak out, reducing liposome 

stability (Yu et al., 2019). Liposome aggregation occurs when liposome vesicles come together 

and bind (Toh & Chiu, 2013; Rosická & Embera, 2013). 

 
2.6 Liposome as drug delivery and surface modification. 

 
Fundamentally, the presence of phosphate groups at the phospholipid allows for 

functionalization (Shariare et al., 2020; Weingart et al., 2013; Liu et al., 2022; Toh & Chiu, 

2013; Liu et al., 2022). The loading of herbal drugs into liposomes has improved their efficacy 

against infections, as shown in Table 5. The negatively charged moieties on the liposome's 

surface allow it to interact with molecules such as inorganic oxide and biopolymers (Shashidhar 

& Manohar, 2018; Fu & Kao, 2010). Liposome-based polymeric surface functionalization, for 

example, provides a stable liposomal system and improves stimuli-responsiveness (Cao et al., 

2022; Sriwidodo et al., 2022). Liposomes typically contain polymers by grafting or coating 

(Fig. 6). 
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Figure 6: Liposome -polymer functionalization: conventional liposome (a), polymer- 
grafted liposome (b), polymer-coated liposome (c), (Yifeng Cao et al., 2022) 

 
Table 5: Phytoconstituents loaded in liposome delivery system and activity  

 

Plant extract/Phytoconstituents Activity Reference 
Atractylodes Macrocephala extract 

/Sesquiterpenes 

Antiviral Wen et al. (2011) 

Panaxquinguefolus extract /Saponin Antioxidant Hao et al. (2016) 

Polygonum aviculare extract 

/Quercetin 

Antiviral Chen et al. (2019) 

Orthosiphon stamineuse extract 

/Rosmarinic acid 

Antioxidant Aisha et al. (2014) 

Silybum marianum L/Silymarin Anti-carcinogenic and anti- 

inflammatory effects. 

Piazzini et al. (2018) 

Bergamol essential oil Anticancer Celia et al. (2013) 

Roselle extract Antioxidant Gyamera and Kim, 

(2019) 

Thymus species extract Antibacterial and antioxidant Gorzi et al. (2006) 

Liposome loaded linolenic acid 

(LipoLLA) 

bactericidal activity Obonyo et al. (2012) 

 
 

The primary source of phospholipid used in the manufacturing of conventional liposomes is 

vesicles, which are used to encapsulate pharmaceuticals such as herbal medicine. Several 

liposome preparation methods have been discussed. For example, lipid thin hydration can be 

combined with sonication to modify the size from giant multilamellar vesicles to small 



22  

unilamellar vesicles. Conventional liposomes serve as the foundation for modifying feasible 

drug delivery via surface functionalization. The modifications result in a more stable and high- 

performance distribution system. 

 
2.7 Chitosan 

 
Chitosan is a versatile biopolymer used for drug administration. The potential sources of 

chitosan are fungi, insects, and crabshells, which are embedded in their exoskeleton (Cheung 

et al., 2015; Aranaz et al., 2021). Chitosan is extensively used for drug delivery because of its 

properties, including mucoadhesion, bioactivity, compatibility with cellular tissues, and 

biodegradability (Ahmed et al., 2019; Elieh-Ali-Komi & Hamblin, 2016; Zhao et al., 2018). 

Chitosan has the ability to chelate several mettalic ions (Jimenez-Gomez & Cecilia, 2020; 

Szymanska & Winnicka, 2015). 

 
Chitosan's primary functional groups are the hydroxyl and amine groups (Mourya & Inamdar, 

2008). Through hydrogen bonding and electrostatic attraction, these groups facilitate chitosan's 

mucoadhesive characteristics (Szymanska & Winnicka, 2015). Normally, enzymes such as 

lysozymes and chitonase (Andrea et al., 2017) convert chitosan into small molecular fragments 

known as monosaccharides and oligosaccharides (Horn et al., 2012; Qiu et al., 2022). 

Chitosan's use is impeded by its weak solubility as well as its limited antibacterial action (Zhao 

et al., 2018). To increase solubility and antibacterial activity (Herdiana et al., 2022; TM et al., 

2018), chitosan derivatives are generated by altering the ammonium and hydroxyl groups of 

chitosan (Jess et al., 2018). 

 
A wide range of compounds have been incorporated with chitosan for delivery (Kravanja et 

al., 2019). Among these materials involve phytomedicine (Riccucci et al., 2021), lipid 

nanoparticles such as liposomes (Henriksen et al., 1994), and inorganic nanoparticles (Farouk 

et al., 2012). Integration of chitosan with the aforementioned material improves some 

properties, including protection from gastrointestinal fluid digestion (Pathomthongtaweechai 

& Muanprasat, 2021), improved drug-pathogen binding affinity (Mikuová & Miku, 2021), 

improved solubility and shelf life, controlled drug release, reduced toxicity, and enhanced 

stability (Amin & Boateng, 2022). 
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The polycationic surface of chitosan interacts electrostatically with the bacterial cell wall,  

causing the membrane to rupture (Fernandes et al., 2014; Mourya & Inamdar, 2008). The 

electrostatic interaction between negatively charged bacteria and cationic surfaces causes more 

significant cell membrane rupture in Gram-negative bacteria (Auer & Weibel, 2017). Gram- 

negative bacteria have higher chitosan polycation binding strength than Gram-positive bacteria, 

which lack lipopolysaccharide molecules (Fig. 10), (Ke et al., 2021). Lipopolysaccharide 

molecules are very negatively charged (Ke et al., 2021). These negatively charged molecules 

have a higher affinity for the positive ions that are largely produced with the nanoparticles, 

resulting in a buildup and increased uptake of ions that eventually cause intracellular damage 

(Slavin et al., 2017). 
 
 

Figure 10: Structure of bacterial cell wall (Slavin et al., 2017) 
 

The structure of the bacteria affecting antimicrobial susceptibility (Khameneh et al., 2019; 

Makhlouf et al., 2023) The Gram-negative bacteria contain a lipopolysaccharide layer enriched 

with anionic charges (Khare et al., 2021; Wintola & Afolayan, 2015). This feature provides a 

prominent binding with positive charges in fabricated polymeric antibacterials. The 

polycationic nature of chitosan due to protonated NH3
+ provides a versatile binding to the 

anionic site of the bacteria. Since the Gram-positive bacteria lack lipopolysaccharide (Auer & 

Weibel, 2017), the binding force exhibited at its cellular surface with polycationic ions is lower 

as compared to the binding exhibited between the Gram-positive bacteria and the fabricated 

positively charged surface of the chitosan (Kravanja et al., 2019; Piekarska et al., 2023; Gupta 

et al., 2020; Jackson et al., 2018; Kravanja et al., 2019; Wang et al., 2006) 
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2.7.1 Chitosan-metal complex 
 

Chitosan metal complexes are generally formed by the Lewis-base reaction (Ardean et al., 

2021; Rashid et al., 2018; Yan et al., 2021). The complex formed modified the binding affinity 

of the bacterial cellular wall. The mettalic ion referred to as super acid provides extensively 

higher antibacterial activity than that exhibited by the polycationic surface of chitosan (Kong 

et al., 2022). 

 

 

Figure 11: Chitosan-Zinc (II) complex (Yazdani et al., 2018) 
 

2.7.2 Chitosan coated Liposome 

 
The effect of fusion of the liposome in a colloidal system allows the discharge of its internal 

components (Nkanga et al., 2020; Zhou et al., 2021). This phenomenon led to the decline of 

its stability (Nsairat et al., 2022). The adhesion of the polycationic layer of chitosan to the 

surface of the liposome confers stability. The advantage of integrating chitosan on the surface 

of the liposome layer is accredited to the control release mechanism for modulating drug 

release. Release (Herdiana et al., 2022). 

 
This is congruent with the findings of Mohammadi et al. (2016), who coated DPPC liposomes 

and investigated the rate of doxorubicin release from the chitosan-liposomal system 

(Mohammadi et al., 2016). According to the published results, the uncoated liposome releases 

doxorubicin more quickly than the coated system. A plane liposome's rapid disintegration 

makes it unstable (Pandur et al., 2020), resulting in a larger release rate (Fig. 13) than a coated 
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system, which slows down the release (Hawthorne et al., 2022). To maintain effective 

concentrations and avoid toxicity, drug releases in biomedical applications should adhere to a 

control pattern (Sung & Kim, 2020). Chitosan is a popular biomaterial that is included into 

liposomes to prevent the negative effects of instability in uncoated systems (Mengoni et al., 

2017). 

 

Figure 12: Chitosan coated liposome loaded hydrophilic and hydrophobic drug as 
reported by Mady and Darwish (2010) 

 

Figure 13: Percentage increase of drug release from liposomes and chitosan- coated 
liposome as reported by Mady and Darwish (2010) 
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2.7.3 Future trends for antimicrobial applications of chitosan-based materials 

 
In the future, chitosan derivatives (Wang et al., 2020) may be able to display "release on 

command" systems, in which an antimicrobial agent is released concurrently with microbial 

growth, in addition to increasing antibacterial properties and offering a stable system. In the 

future, these technologies will be used on antimicrobial materials associated with modern 

technology. The principle behind this technology is that when microbial action presents itself 

in the medium, such as a change in pH (Alrbyawi et al., 2022), temperature (Ta & Porter, 

2013), or UV radiation (Barhoumi et al., 2015; Spratt et al., 2003), the antimicrobial system 

responds promptly and properly. As a result, such a mechanism would only operate in response 

to very specific circumstances. This technology is based on bioactive substances, the release of 

which is activated at the precise moment and location where it is required. The common 

assumption is that if one or more types of bacterial growth occur, antibiotic substances will be 

generated, blocking the growth of new bacteria. Of course, this would allow for a reduction in 

the amount of active agent required to produce an effect. 

 
2.8 Inorganic nanoparticles 

 
Inorganic nanoparticles are gaining importance as prospective delivery strategies in recent 

years (Patra et al., 2018). Targeting the delivery property and efficacy of natural therapeutic 

agents against pathogens, the functionalization of phytoconstituents into inorganic 

nanoparticles has been extensively explored (Patra et al., 2018; Rudramurthy et al., 2016). For 

instance, it has been demonstrated that zinc oxide-curcumin (ZnO-Cum) core shell 

nanoparticles exhibit better antibacterial activity than the widely used antibiotic amoxicillin 

against a variety of microorganisms. 
 

Inorganic nanoparticles are potential material for the delivery of drugs and pharmaceuticals due 

to to their distinctive physical properties, such as electronic, catalytic, magnetic, and optical 

(Agarwal et al., 2018; Chen et al., 2016; Ojea-Jimenez, 2013). Inorganic nanoparticle stability 

in colloid environments has been achieved through surface functionalization by a variety of 

ligands (Chen et al., 2016). Functionalization enhances pharmacokinetics and lessens the 

toxicity effect by preventing aggregation, protecting their surface from oxidation, and 

providing a surface to conjugate drug and target ligand (Amina & Guo, 2020; Ghaffari et al., 

2017; Lee et al., 2017). For instance, Rajan et al. (2019) asserted that the production of 
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magnetite with zinc oxide and graphine oxide (Fe3O4@ZnOrGO) improved antibacterial 

activity 
 

Additionally, inorganic nanoparticles exhibit distinct biological behavior and an extensive 

range of physiochemical multifunctionality (Pandey & Dahiya, 2016). Some inorganic 

nanoparticles, such as silver, AgNPs (Buszewski et al., 2016), superparamagnetic iron oxide 

nanoparticles, SPION (Beyth et al.,2015), titanium oxide, TiO2NPs (Santa et al., 2020), copper 

oxide, CuNPs, (Khalid et al., 2021), and zinc oxide (ZnONPs), exhibit antibacterial activity by 

generating reactive oxygen species (Abdal Dayem et al., 2017). According to Hatamie et al. 

(2015) and Marassi et al. (2018), zinc oxide and silver oxide have been widely employed as 

fabric and coating materials in medical devices. Although less potent than AgNPs and ZnONPs, 

copper oxides have antibacterial action through disrupting membranes (Beyth et al., 2015). 

 
2.8.1 Zinc oxide nanoparticles 

 
In contrast to other inorganic nanoparticles, zinc oxide nanoparticles (ZnONPs) have evolved 

into a versatile delivery system for pharmaceutical and herbal medicine (Agarwal et al., 2018). 

This is because ZnONPs have special properties like being electronic and optical, displaying a 

broad spectrum of activity against various microorganisms (Vankataraju et al., 2014), and 

having high biocompatibility. ZnO has been validated by the US Food and Drug 

Administration (FDA) as a food and drug precursor (Zhang et al., 2013). According to Fig. 14, 

when nanoparticles enter a cell membrane, they disrupt the lipid bilayer, allowing molecules 

like adenosine triphosphate (ATP) and lipolysaccharides to discharge out of the cell, blocking 

the transport of potassium ions (K+), which results in cell death (Slavin et al., 2017; Yin et al., 

2019), or affecting bacterial cell integrity by lowering negatively charged potential. 
 

Figure 14: Zeta potentials of Gram positive and Gram-negative bacteria as reported by 
Arakha et al. (2015): Bacillus subtilis (A); Staphylococcus aureus (B); Bacillus 
thuringiensis(C); Escherichia coli (D); Proteus vulgaris (E); Shigella flexneri 
(F) 
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Zn2+ is produced when zinc oxide is dissolved in aqueous solutions; this metal attaches to the 

negatively charged cell wall and aids in cellular death (Siddiqi et al., 2018). When in contact 

with zinc oxide nanoparticles, UV-visible rays (Fig. 15) cause electrons to move from the 

valence band to the conduction band (Johar et al., 2015). When the holes at the valence band 

detach hydrogen from water to produce a hydroxyl radical, this results in the generation of ROS 

(Wang & Shao, 2017). A superoxide radical is produced when an electron in the conduction 

band binds with molecular oxygen, and hydrogen peroxide is generated when additional free 

radicals combine (Hubenko et al., 2018). In contrast to other radicals, hydrogen peroxide has the 

ability to penetrate the cell membrane, where it reacts with a biological component and 

damages the cell (Wang & Shayo, 2017). 

 

Figure 15: Production of ROS by ZnO nanoparticle (Sivakumar et al., 2018) 
 

According to Slavin et al. (2017) and Lobo et al. (2010), free radicals can oxidatively damage 

bacterial molecules like DNA, lipids, and proteins. Due to its improved ability to deliver 

therapeutic compounds to their intended targets, ZnONP surface engineering has recently 

attracted a lot of attention (Sadhukhan et al., 2019). According to Grigoletto et al. (2021; 

Yetisgin et al., 2020), the conjugation with a natural therapeutic agent makes it easier to 

transport the therapeutic agent to the biological target. For instance, curcumin was given to 

MCF-7 breast cancer cells utilizing synthesized phenylboronic acid (PBA)-ZnONPs. ZnONPs 
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in this combination made it easier for curcumin to reach the breast cancer cell membrane's sialic 

acid, which was overexpressed (Kundu et al., 2019). In addition to the ZnONPs' pH- sensitive 

assistance in drug delivery, ZnO-NPs' changing surface charges have significant effects on 

payload delivery. 

 
Shome et al. (2021) evaluated the change in ZnONPs surface charge and size of the generated 

curcumin-ZnONPs and reported that the hydrodynamic size of the curcumin changed from 410 

nm to 224 nm and the zeta potential of the curcumin changed from -25 mV to -15.9 mV when 

the curcumin-ZnONPs nanocomposites were formed. The improvement of antibacterial 

activity was caused by a rise in positive charges and a fall in hydrodynamic size (Ardean et al., 

2021; Han et al., 2022). While the reduction in size makes it easier for the active principle to 

enter the bacterial cell and increase the antibacterial activity against E. coli and S. aureus, the 

increase in positive potential enables electrostatic binding of nanoformulations to negatively 

charged bacterial cellular surfaces (Forest et al., 2015; Wieszczycka et al., 2021; Zhang et al., 

2023; Ghalandarlaki et al., 2014). 

 
Caffeic acid has no antibacterial action, while fabrication of ZnO@Caffeic acid was found to 

exhibit better antibacterial activity against a wider spectrum of bacteria than when ZnO and 

Caffeic Acid were treated alone (Choi et al., 2017). In other research, it was discovered that 

functionalized curcumin with ZnO showed improved antibacterial activity to that of the widely 

used antibiotic amoxicillin (Varaprasad et al., 2019). In this study, zinc nitrate and curcumin 

were used as precursors to produce zinc oxide-curcumin (ZnO-Cum) core shell nanoparticles 

using the ultrasonication method (Fig. 24). Strong antibacterial activity was demonstrated 

against Gram-negative bacteria (E. coli) and methicillin-resistant S. aureus. An XRD pattern 

of zinc oxide at Caffeic acid (ZnO at CA) nanoparticles reveals a mean crystallite size of about 

20 nm (Ebin et al., 2012). 

 
2.8.2 Inorganic nanoparticle: Functionalization and delivery of natural therapeutics 

 
According to Sanità et al. (2020), functionalization is the conjugation of several compounds 

that results in changed surfaces in terms of their physical, chemical, and biological properties. 

The improved features considerably reduce chemical reactivity, oxidation, as well as rapid 

agglomeration, and they also give nanoparticles stability in colloidal environments (Guerrini 

et al., 2018). Modified surfaces also show evidence of drug transport to the biological target 

and control drug release. (Ojha, 2020). It has been suggested that inorganic nanoparticle 
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functionalization can enhance the medicinal potential of natural compounds (Luchini & 

Vitiello, 2019). Some biomolecules, including polyphenols, flavones, and quinones, have 

undergone functionalization to increase their anti-pathogen therapeutic action. 

 
Nanoantibacterial materials with a variety of uses include inorganic nanoparticles. Several 

inorganic nanoparticles are employed as antibacterial agents. Due to their reduced toxicity, 

biocompatibility, and capacity to function as an essential component of the human body 

system, ZnO nanoparticles are preferred for developing of inorganic nanodelivery systems. 

ZnO nanoparticles produce Zn+2 in an aquos environment, which also serves as an 

immunomodulator, micronutrient, and a substance that prevents the growth of broad-spectrum 

infections. 
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3.2.2 The CsP extraction 
 

The extraction procedure was carried out at the African Technical Research Center's (ATRC) 

analytical laboratory in Arusha, Tanzania. The powder of Carrisa spinarum (200 g) were 

soaked in 500 ml of methanol and macerated for two days. The macerated leaves underwent 

rotary evaporation after two days to produce a crude solvent extract. To get rid of any remaining 

coarse particles, the unfiltered extract was filtered through filter paper (Whatman No. 1). A 

rotary evaporator was used to concentrate the filtered product, which was then kept refrigerated 

at 4 °C. Water, petroleum ether, and chloroform were used to replicate this technique, but the 

water extract was concentrated using a freeze-dryer. 

 
3.2.3 Qualitative phytochemical analysis 

 
Phytochemical analysis was performed to determine the presence of phytoconstituents such as 

alkaloids, flavonoids, phenols, terpenoids, steroids, Coumarins, resins, tannins, xanthoproteins, 

quinines, carboxylic acid, oxyalates, carbohydrates, glycosides, proteins, and saponins using 

the method developed by Shafodino et al. (2022). 

 
3.3 Microwave Assisted Extraction (MAE) of polyphenols 

 
A magnetic stirrer and a water condenser were integrated into a normal family microwave. In 

a 500 ml round-bottomed flask, 50 g of powdered Carrissa spinarum leaves were soaked in 

200 ml of distilled water. The flask was then microwaved at 70 degrees Celsius for 30 minutes. 

After that, the extract was filtered using Whatmann No. 1 filter paper. In order to concentrate 

polyphenols in a methanol extract, the filtrate was fixed in a rotary evaporator. Water-based 

extract was freeze-dried. 

 
3.4 Estimation of total phenolic content of Carissa spinarum leaves 

 
The Folin-Ciocalteu technique (Genwali et al., (2013) was slightly modified to determine total 

phenolic content. To summarize, 5 milligrams of extract were diluted in 5 mL of distilled water 

to produce a Carissa spinarum leaf aqueous extract concentration of 1 mg/mL. 5 mL of the 1% 

Folin-Ciocalteu reagent was mixed with 1 mL of the extract. After that, 5 mL of 7.5% sodium 

carbonate was added to the mixture. The absorbance at 760 nm of the combination was 

measured after a 20-minute incubation at 25 °C. GAE mg/g was reported as the phenolic 

content: 
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3.11.2 Fourier Transform Infrared Spectroscopy (FT-IR) 
 

To identify the functional groups of ZnONPs, LiPCsP, LipCsP-Chitosan, CsP, LiPCsP, 

LiPCsP-LipCsP, and (LipCsP-ZnO)-CT. A Perkin Elmer Spectrum 400 ET-IR-NIR- 

Spectrometer was used to conduct the FTIR analysis. Before analysis, an open bean 

background spectrum of clean crystal was recorded. To avoid any moisture effect, 1 gram of 

each sample was freeze-dried before analysis. The spectrum from 4400 to 400 cm-1 was then 

collected using 24 scans at a resolution of 2 cm-1. 

3.11.3 Scanning electron microscope (SEM). 
 

The surface morphology of the generated nanoparticles was examined using a scanning 

electron microscope (TESCAN, Brno, Czech Republic). The materials were lyophilized with 

a freeze dryer before being examined for morphology. The shape of the nanoparticles was 

produced with the image-processing software Image J. 

 
3.11.4 Release of Cs-polyphenol (CsP) from Liposomes 

 
In the investigation of polyphenol release from liposome systems, the technique described by 

Omwonyo et al. (2014) was employed, however it underwent a little modification. The pellets 

of the liposome formulation were made by centrifuging 10 ml of a 20 mg/ml suspension of the 

nanoformulation at 15 000 rpm for 30 minutes, removing the supernatant, and leaving the 

pellets in an eppindoff's tube that had been buffered to pH 7.4 and kept at physiological 

temperature (37 °C). For the purpose of determining the total phenolic content, each epindoff 

was removed at the appropriate period (1, 2, 3, 5, 6, 7, 8, 12, 24 h), and release kinetics were 

reported as the cumulative percentage released over time. 

3.11.5 Mathematical modelling 
 

In order to investigate the drug release kinetics, the zero-order, first-order, Higuchi, Hixson- 

Crowell, and Korsemeyer-Peppas models were used. Using the correlation coefficient (R2) and 

the release exponent (n), the best-fit kinetic model and the drug release mechanism were found. 
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Table 6: Mathematical model to study the drug release kinetics  
 

Kinetic model Equation 
First order model log C=log C0 - K t/2.303 

Zero order model Ct =C0 +K0 t 

Higuchi model Ct=KH × t 1/2 

Korsemeyer-Peppas Model log (Ct/C) =log Kkp +nlog t, 

Note: Initial amount of polyphenols before released by nanoformulation (C0); Higuchi constant 
(KH); rate constant (k); time (t); Cumulative amount of polyphenol released by 
nanoformulation after elapsed time, t; Exponential factor which predict Korsmeyer-Peppas 
model. 

 
3.12 Nanoformulation Suspension storage stability 

 
The stability of the nanoformulations (ZnONPs, ZnO-chitosan, LipCsP, LipCsP-chitosan, and 

(LiPCsP/ZnO)-CT) were assessed by monitoring the zeta potential at 20 C for 5, 10, 15, 30, 

and 45 days using a Malvern Instruments Zetasizer Nanoseries Nano-Z equipment. The 

suspensions were kept at 4 °C in a dark, oxygen, and light-free environment. 

 
3.13 Gastrointestinal digestion 

 
3.13.1 Simulated Mouth Fluid (SMF) 

 
The suspensions of Lip-CsP and LipCsP-chitosan, each at a concentration of 20 mg/ml, were 

prepared, and their bioaccessibility and release studies were each examined individually. 

Following the procedure developed by Pool et al. (2012), a simulated saliva fluid containing 

mucin (30 mg/mL) was generated. Each sample (3 ml) was mixed with 3 mL of preheated, 37 

°C-simulated saliva fluid. To simulate oral conditions, the resultant fluid was agitated at 90 

rpm for 10 minutes at 37 °C after having its pH adjusted to 6.8 with 50 mM NaOH. 
 

3.13.2 Simulated Gastric Fluid (SGF) 
 

Pepsin (3.2 mg/mL), 0.03 M NaCl, and 0.16 M HCl were combined to produce simulated 

stomach fluid, which was then incubated at 37 °C. Three milliliters of the sample from the 

simulated oral fluid were mixed with simulated gastric fluid. To mimic stomach digestion, the 

liquids were shaken at 100 rpm for two hours with a pH adjustment to 2.5. 
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4.1.4 Fourier Transform Infrared (FTIR) spectroscopy analysis 
 

The various spectra of the nanoformulations were obtained by performing a Fourier Transform 

Infrared (FTIR) spectroscopic study on CsP, liposomes, chitosan, and LipCsP-chitosan (Fig. 

19 and Table 10). An absorption peak at 1653 cm-1 that corresponds to C = O stretching in 

amide I vibration was seen in the chitosan spectra shown in Fig. 19 a. Additionally, discrete 

absorption bands around 2870 cm-1 caused by C-H stretching and bands related to O-H and N- 

H stretching around the region 3352 cm-1 that are normally seen in polysaccharide IR spectra 

were found. The bending vibration frequency at wave number 1578 cm-1 confirmed the 

presence of the primary amine functional group. The existence of absorption bands at 2919 cm- 
1, which are clearly visible in the liposomes in Fig. 19c, depicts the C-H stretching vibration. 

In addition, peaks at 1236 cm-1 were caused by P = O stretching vibration. A strong signal also 

occurred at 1739 cm-1, which is related to C = O stretching vibration. 

 
Abosabaa et al. (2021) obtained similar results. The IR spectra of CsP is shown in Figure 19d. 

The phenolic hydroxyl groups are responsible for the absorption spectra at 3276 cm-1 that 

reflects OH stretching and vibrating (Lisperguer et al., 2016; Liang et al., 2011). At 1602 cm- 
1 and 1439 cm-1, the C-C of the aromatic ring and the flavonoid C = O functional groups were 

identified, whilst the 1054 cm-1 appearance of the C-O stretching vibration was noted. The 

LipCsP-Chitosan FTIR spectra are displayed in Figure 19b. The interaction of liposomes with 

chitosan was revealed by the disappearance of N-H primary amine (bending) in chitosan, which 

was previously reported (Abosabaa et al., 2021). Along this stretch, the vibration frequency of 

OH and NH shifted from 3352 cm-1 to lower vibration frequency of 3331 cm-1 due to hydrogen 

bonding between the liposome and chitosan. Additionally, the liposome's C = O vibration 

frequency changed from 1739 cm-1 to a lower frequency at 1732 cm-1. The interaction between 

the polyphenolic components of the CsP and the liposomes was demonstrated by changes in 

the absorbance bands of the P = O group of liposomes from 1236 cm-1 to a lower frequency of 

1226 cm-1. 
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Table 10: Fourier Transform Infrared (FTIR) spectroscopy analysis 

Formulation Absorption 
peak 

Function group 

Chitosan 1653 C=O stretching in amide I Vibration 
 3352 O-H and N-H stretching 
 2870 C-H stretching 
 1578 Primary amine function group 

Liposome 2919 C-H stretching 
 1739 C=O stretching vibration 
 1236 P=O, stretching vibration 

CsP 3276 -OH, stretching vibration in phenolic hydroxyl group 
 1602 Flavonoid C=O function group 
 1439 C-C aromatic ring 
 1054 C-O, stretching vibration 

LipCsP- 
Chitosan 

 
3351 

 
OH, N-H, shifted vibration frequency of chitosan 

 1732 C=O Shifted vibration frequency of liposome 
 1226 Shifted absorption band of P=O of liposome 

*Note: CsP- Carissa spinarum polyphenols, LipCsP - Liposome loaded CsP polyphenols, 
LipCsP-Chitosan - LipCsP coated chitosan. 
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Figure 19: FTIR analysis of Liposome (Lip)- (c), Chitosan- (a), Carissa spinarum 
Polyphenol (CsP)-(d), LipCsP coated chitosan (b) 

 
The FTIR analysis of inorganic nanoparticles (ZnONPs and ZnO-chitosan) was also carried. 

An absorption band with wave number, 1020 cm-1, 1551 cm-1 and 3359 cm-1 were obtained in 

ZnO-chitosan. In FTIR analysis of chitosan the absorption bands observed were 3352 cm-1 

corresponding, 1013 cm-1 and ZnONPs generated the absorption bands of 467 cm-1. 
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Figure 20: FTIR analysis of chitosan, ZnONPs and ZnO-CT nanoparticles 
 

4.1.5 Scanning electron microscope 
 

The SEM images of the pure chitosan (A), ZnO nanoparticles (B), and their hybrid 

nanocomposite were obtained when scanned using a scanning electron microscope. The results 

of SEM images varied in shape, as indicated in Fig. 21. Images varied in shape, as indicated in 

Fig. 21. 
 

Figure 21: Surface topography of pure chitosan (A), ZnO nanoparticles (B), and that of 
their hybrid nanocomposite (ZnO-Chitosan) evaluated by Scanning Electron 
Microscope 
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Figure 24: Concentration dependent viability reduction effect of nanoformulations 
against Klebsiela pneumonia 

 
LipCsP coated chitosan (LipCsP-Chitosan), Zinc Oxide nanoparticles (ZnONPs), ZnO coated 

chitosan (ZnO-Chitosan), Dual Nanohybrid Delivery System, (LipCsP/ZnO)-CT were tested 

against Klebsiela pneumoniae (Values reported are mean ± SD; n = 3) 

 

Figure 25: Concentration dependent viability reduction effect of nanoformulations 
against Staphylococcus aureus 

 
LipCsP coated chitosan (LipCsP-Chitosan), Zinc Oxide nanoparticles (ZnONPs), ZnO coated 

chitosan (ZnO-Chitosan), Dual Nanohybrid Delivery System (LipCsP/ZnO)-CT were tested 

against Staphylococcus aureus (Values reported are mean ± SD; n = 3) 
































































































































