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Abstract   
 

Drug delivery systems based on nanotechnology have been significant in surpassing the challenges associated with traditional dose 

forms. A promising drug delivery vehicle is spanlastics, an elastic nanovesicle that can transport a variety of drug compounds. 

Spanlastics have shown an increasing amount of interest in various forms of administrative pathways. They may squeeze themselves 

through skin pores because they are elastic and malleable, making them ideal for transdermal delivery. Non-ionic surfactants or mixtures 

of surfactants make up spanlastics. Numerous studies have demonstrated how spanlastics greatly improve drug toxicity, drug 

bioavailability, and therapeutic efficacy. Our future goal is to evaluate the spanlastic-encapsulated carbapenem's antibacterial and anti-

biofilm characteristics. Following the isolation of Staphylococcus epidermidis isolates and the assessment of their microbiological 

sensitivity, the plate microtiter test was employed to investigate their capacity to form biofilms.  
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Introduction 

The method or strategy of delivering a drug in such a 

manner that it has a therapeutic effect on humans or animals is 

referred to as medicine delivery [1]. Medications are enhanced 

by transitioning from traditional forms to innovative delivery 

techniques. The utilization of advanced medication delivery 

systems—quick-to-respond, sustained, and cost-effective—

known as Advanced Medication Delivery Systems, serves as 

cornerstones of Traditional Medicine's rejuvenation [2]. 

Pharmaceutical companies are developing innovative 

pharmaceutical delivery methods due to the increasing demand 

for faster, less harmful, and more potent medication 

administration to individuals. The method of drug administration 

significantly affects its efficacy. For certain substances, precise 

dosage may be crucial to achieve optimal benefits, as doses 

outside this range can be ineffective or even hazardous [3]. 

Moreover, treating severe illnesses requires a multifaceted 

approach to pharmaceutical distribution to precisely target 

affected areas, as evidenced by advances in successful medicines. 

Pharmacokinetics, potency, immunogenicity, bio-recognition, 

and nonspecific toxicity are all complex factors influencing 

pharmacological effects [4, 5]. 

Drug degradation and loss are being managed and reduced 

through the study and testing of more therapeutic targeting and 

delivery techniques [6,7]. Different types of drug carriers include 

soluble, insoluble, synthetic, or naturally occurring varieties, as 

listed in [7-10]. These carriers can be designed to degrade 

gradually in response to environmental cues such as acidity or 

basicity of the surrounding environment, light, or voltage 

response, and to selectively release additional medication 

molecules (e.g., using smart nanoparticles). Targeting medication 

delivery to specific locations is essential. Two primary 

techniques for targeting drug delivery sites are: I. Passive 

techniques; II. Directive techniques [11]. These systems can be 

categorized as controlled medication release systems or targeted 

drug delivery systems. Some therapeutic benefits of these 

advanced systems include increased drug efficacy, site-specific 

administration, and reduced toxicity/side effects. Additional 

advantages include enhanced patient compliance, effective 

treatments for once-incurable diseases, potential preventive 

applications, and broader applicability. It's important to note that 

medication delivery systems are not universally applicable. 

Certain dosage forms are commonly believed to have significant 

drawbacks, such as increased harmful effects and reduced 

potency. The importance of the route of administration (X) and 

the type of medication formulation (Y) has grown with the 

expansion of the healthcare industry. In this context, "drug 

delivery mechanism" refers to any element of the Cartesian 

product (X.Y). Pharmacological delivery mechanisms include 

vesicles, aqueous polycrystalline stage dispersions, and particle 

dispersion forms, which are examples of medication transport 

systems where particles range in size from 1 to 1000 nm. All 

these systems have shown considerable potential as methods for 

delivering medications. Improving dosage forms aims to create 

substances with desirable properties such as prolonged potency, 
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safety, and effective pharmaceutical outcomes. Advanced 

systems like controlled medication release or targeted drug 

delivery systems offer therapeutic benefits including increased 

drug efficacy, site-specific administration, and reduced toxicity 

and side effects. 

Enhanced patient compliance, effective treatments for diseases 

once considered incurable, potential preventive applications, and 

expanded applicability are among the advantages of advanced 

medication delivery systems. It is recognized that certain dosage 

forms have significant drawbacks, such as increased harmful 

effects and diminished potency. The importance of the route of 

administration (X) and the type of medication formulation (Y) 

has intensified with the expansion of the healthcare industry. In 

this context, "drug transport mechanism" refers to any element of 

the Cartesian product (X.Y). Pharmacological delivery 

mechanisms include vesicles, aqueous polycrystalline stage 

dispersions, and particle dispersion forms, which are examples of 

medication transport systems containing particles ranging in size 

from 1 to 1000 nm. All of these systems have demonstrated 

considerable potential as methods for delivering medications. 

This improvement in dosage forms aims to produce substances 

with desirable properties such as prolonged potency, safety, and 

satisfactory pharmaceutical outcomes. 

The addition of cross-linkable groups to block copolymers 

enhances particle stability and temporal control. Substituting 

specific ligands for block copolymer micelles is a highly 

promising method for improving targeting and specificity at 

specific sites of action. Controlled-release devices were 

authorized by regulatory bodies during their initial development 

in the 1950s. Spansule (Smith, Kline & French Laboratories) 

became the first FDA-approved controlled-release medication 

delivery device. In the 1950s, the primary drug-release 

mechanisms employed by first-generation drug delivery 

techniques included regulated dispersion, regulated osmosis, 

regulated ion exchange, and regulated dissolution. Before the 

1950s, most conventional products used a breakdown-based 

release mechanism, often combined with a distribution 

mechanism. The approval of the first sustained preparation for 

intravenous drugs in the early 1990s marked a new phase in drug 

development. A stable intravenous preparation using PLGA 

microparticles was developed to extend the shelf-life of 

polypeptide and protein-based therapeutic agents [12]. 

Adjusting the proportion and particle size [4], and PEGylation—

a process where polyethylene glycol (PEG) polymers are bonded 

with protein substances [4]—represent significant advancements 

of the second generation. This procedure extends the circulation 

time of protein molecules in the bloodstream. Nanomedicine 

employs nanoscale particles, such as biocompatible nanoparticles 

[13] and miniature robotic devices [14], across a broad spectrum 

of applications including diagnosis [15], drug delivery [16], 

sensing [17], and locomotion within living organisms [18]. 

Integrating nanotechnology into medication delivery systems has 

the potential to overcome these limitations. 

Nanotechnology's most cutting-edge application lies in the 

development of therapeutics at the nano scale, offering potential 

benefits such as modifying properties like solubility, 

pharmaceutical release profiles, diffusivity, biological 

absorption, and immune system activity. This advancement could 

lead to more effective and convenient administration methods, 

along with a reduced toxicological profile, fewer side effects, 

improved distribution throughout the body, and an extended 

medication lifetime cycle [19]. Proposed drug delivery methods 

aim either for targeted delivery to specific sites or for controlled 

release of pharmaceutical compounds [20]. However, these 

methods must overcome challenges such as opsonization and 

sequestration by the mononuclear phagocyte system [21]. 

Medication delivery also involves targeting, which can be active 

or passive, utilizing nanostructures or nanotechnologies for drug 

delivery processes. Active targeting integrates drug delivery 

systems with specific moieties like antibodies and peptides, 

facilitating binding to receptor structures expressed in the target 

area. In contrast, passive targeting transports the drug carrier 

complex to the intended site through affinity or binding 

mechanisms influenced by various variables in the surrounding 

environment as it circulates within the bloodstream. The primary 

targets in the human body include receptors or antigens 

embedded in the outermost layers of cells [22]. Currently, the 

majority of medications administered via nanotechnology are 

designed for disease treatment. 

Advancements in the design of drug delivery methods and 

mechanisms have been driven by developments in 

nanotechnology, drug discovery/design, and drug transportation 

technologies. Recently, novel approaches in pharmaceutical 

transportation have aimed to enhance targeted drug action, reduce 

side effects, and improve drug absorption [23]. Drug delivery 

systems and nanomedicine are considered pivotal for the future 

of medicine [24]. Oncology serves as a notable example of a life-

threatening disease where advancements in technology have 

significantly impacted both diagnosis and treatment, as discussed 

earlier. Researchers have repeatedly explored methods to 

enhance the permeability of herbal medications by utilizing 

common colloidal carriers [22,23]. 

The rigid and flexible properties of current carriers for 

pharmaceutical transport across biological membranes limit their 

utility. Current studies are focused on enhancing the adaptability 

of typical carriers to improve therapeutic efficacy. Therapeutic 

vesicular drug delivery stands out as a prominent approach in 

medication delivery, enabling targeted release and enhanced drug 

penetration. These systems transport both water-soluble and 

lipophilic drug molecules. Spanlastics, an adaptive nanovesicle 

transporter, combine a non-ionic surfactant with an edge activator 

to achieve their versatile properties. This allows spanlastics to 

deliver both hydrophobic and hydrophilic medications 

effectively. Additional layers can be incorporated to further tailor 

their properties. 

 

Lipid Based Nano-Drug Delivery System 

The development of multiple strategies utilizing nanoscale 

delivery systems has made it feasible to transport 

pharmaceuticals to specific sites, providing pharmaceutical 

investigators with new avenues to explore in enhancing drug 

delivery to brain cells [25]. These innovative drug carrier 

technologies hold promise for various medical applications 

beyond brain and spinal cord delivery. For medications with a 

short half-life, nanotechnology offers the potential to reduce 

dosing frequency. 

Ligand-based selective targeting has proven to be an effective 

strategy for delivering therapeutic agents to cancerous growths. 

Advances in medical imaging devices and biotechnology are 

continually revealing new and unique targets for treatment [26]. 

However, these points of interest can present challenges for 

certain medication transport systems using nanotechnology 

approaches. Therapeutic vesicles typically consist of spherical 

liposomes—vesicles with either a single lipid bilayer or a 

multilamellar lipid bilayer comprising at least one inner and one 

outer lipid layer [27]. Traditional vesicle structures like 

liposomes and niosomes have demonstrated the ability to  
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enhance gastrointestinal absorption of pharmaceuticals and 

improve vaccination effects [28]. Nevertheless, the instability of 

conventional vesicles in the gastrointestinal tract has limited their 

effectiveness, necessitating modifications to their bilayer 

structures to enhance in vivo stability [29]. 

 
Liposomes 

Liposomes, a form of nanotechnology, can encapsulate both 

hydrophilic and lipophilic drugs. Hydrophilic drugs reside within 

the aqueous core of phospholipid bilayer systems, while 

lipophilic drugs are encapsulated within the bilayer itself. To 

enhance drug delivery, scientists worldwide are utilizing various 

advanced liposome formulations such as PEGylated liposomes—

liposomes containing linear polymer chains of polyethylene 

glycol—targeted liposomes conjugated with ligands, and 

liposomes incorporating medications [30]. These advancements 

have led to numerous nano-formulations across disciplines 

including anti-cancer, anti-bacterial, anesthesia, gene therapy, 

and anti-inflammatory agents. However, these formulations 

ultimately require clinical investigation to evaluate their efficacy 

[31]. 

 

Niosomes 

 Niosomes are gaining attention as effective transdermal drug 

delivery vehicles due to their enhanced capability for drug 

penetration. Various pharmacologically active substances, 

including chemotherapy for cancer, antioxidants, and 

antimicrobial compounds, can be delivered transdermally using 

niosomal carriers [32]. Proniosomes refer to niosomes that are 

dehydrated; upon addition to a warm aqueous medium, they 

rapidly disperse to form niosomes. 

 

Proniosomes 

Proniosomes are dehydrated forms of niosomes. Rehydrating 

proniosomes in a warm aqueous medium results in rapid 

niosomal dispersion within minutes. These surfactant-coated, 

water-based carrier particles are physically more stable during 

storage and shipping compared to niosomes. They directly 

encapsulate the substances they transport, prolonging drug 

circulation time. Proniosomes also exhibit reduced toxicity and 

enhanced penetrability at the target site [33]. Transferosomes, 

another type of lipid-based vesicle, contain an aqueous core 

surrounded by a lipid bilayer that includes an edge activator. 

They are effective drug delivery vehicles for transdermal 

applications. Unlike liposomes, transferosomes can deliver 

higher amounts of active compounds to deeper layers of intact 

skin due to their flexibility and ability to squeeze through narrow 

pores [34]. Transferosomes are evaluated based on parameters 

like drug entrapment efficiency and drug content. They have 

versatile applications, including delivering vaccines, proteins, 

anesthetics, anticancer drugs, and herbal remedies. They offer 

advantages such as improved patient compliance, enhanced 

bioavailability, and site-specific delivery [35]. Modified 

liposomes, such as ethosomes, have been developed to address 

challenges like size, drug entrapment efficiency, and surface 

charge. Ethosomes are newly modified lipid carriers composed 

of ethanol, phospholipids, and water [36, 37]. 

 

 

 

 

Spanlastics 

Spanlastics are biodegradable, non-immunogenic, and benign 

vesicular transporters. Researchers have utilized common 

colloidal carriers such as microemulsions and liposomes to 

enhance the permeability of botanical medications. Numerous 

studies have demonstrated that spanlastics can improve treatment 

efficacy, patient adherence, medication absorption, and minimize 

adverse effects. These vesicular carriers offer advantages over 

niosomal colloidal delivery technologies and are more 

chemically stable than liposomes due to their flexibility. The 

incorporation of an edge activator in the vesicle membrane acts 

as a disruptive agent, enhancing the vesicles' deformability to 

overcome biological barriers [16]. The term "Spanlastic" (Span + 

Elastic) was introduced in 2011, marking a milestone in 

pharmaceutical development. These deformable vesicular 

carriers exhibit higher permeability compared to medication 

solutions [16]. Spanlastics are extremely small and contain 

medication within amphiphilic vesicles formed by an anionic 

surfactant. They excel where liposomes may falter, such as in 

chemical instability attributed to oxidative breakdown and 

varying phospholipid purity. This family of vesicular carriers 

enables the delivery of drugs for ocular, oral, topical, nasal, and 

transungual applications to specific body sites [16]. 

 

The Advantageous Effects of Spanlastics 

Spanlastics are biodegradable and non-immunogenic. They 

enhance bioavailability by providing protective support to 

medications, ensuring they reach targeted areas intact. Through a 

lipid bilayer structure, spanlastics enable hydrophilic or 

lipophilic drugs to traverse physiological membranes, including 

those of the eye. This shielding effect protects drugs from the 

biological environment, enhancing therapeutic efficacy by 

minimizing their degradation and maximizing their impact at the 

intended site. Spanlastics are osmotically active and stable, 

thereby contributing to the prolonged stability of encapsulated 

medications. This feature is crucial for extending the duration of 

drug molecules in systemic circulation during prolonged 

medication use [34].  

 

Categories of Spanlastics 

Spanlastic is categorized according to the variety of layers it 

possesses, as demonstrated below [38].  

1. 1. Multi Lamellar Vesicles (MLVs): MLVs are structures 

composed of numerous lipid bilayers. They typically range in 

size from half to one micron in diameter. MLVs are widely used 

due to their simplicity in manufacturing and their ability to 

remain stable over long periods of storage. 

2. 2. Large Unilamellar Vesicles (LUVs): LUVs range in size 

from the hundred nanometer range to one micron. They have a 

high ratio of aqueous to lipid components, which allows them to 

encapsulate more medication within their core. 

3. Small Unilamellar Vesicles (SUVs): SUVs are produced by 

the sonication process from multilamellar vesicles. They are 

smaller in size, typically ranging between 20 nm and 50 nm. 

 

119 



 
 

 
J. Adv. Biomed. & Pharm. Sci . 

Mousa et al . 
 

 
 

 

 

Spanlastic Compositions 

Surface-active compounds, also known as surfactants, serve to 

reduce the surface tension between two liquids. They lack 

ionicity. A non-ionic surfactant's head does not contain an 

electrically charged molecule sorbitan esters (also known as 

Spans) are nonionic surfactants. The formation of concentrically 

arranged bilayers by spans produces the vascular component that 

is spanlastic. There are a few different variations of the 

polyoxyethylene sorbitan, also known as the span, which is a 

component of the molecule. These variations by analyzing the 

varieties of Span, it is possible to predict the stability of the 

vesicular formulation to a large extent.  

Vesicles exhibit significant disruption, aggregation, and 

inconsistency based on the Span 80 and Span 40 values. In 

contrast, the addition of saturated alkyl chains to Span60 

enhances its durability. Edge activators are substances that 

modify the lipid bilayer, such as biocompatible surfactants, to 

which an amphiphilic substance is added to enhance its 

permeability and flexibility. By decreasing their interfacial 

tension, the bilayer becomes more deformable. The tendency of 

EAs to generate larger spherical vesicles results in the diminution 

of particle size. Tween 80 is an edge activator that enhances 

vesicle elasticity. Any vesicle larger than the biological 

membrane's pore size can readily migrate from the outside to the 

inside due to the tween80's transient increase in pore size. In 

addition, this promotes increased drug transfer and greater drug 

penetration into the vesicles. Ethanol optimizes the nano 

vesicular particles. It's useful since it condenses membranes. It 

helps to improve vesicle persistence and capture of drugs. The 

vesicular membrane's total thickness is reduced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Spanlastic Penetration Mechanism 

 Medications can infiltrate the body via two distinct routes [39]. 

Intercellular lipid lamellae undergo alteration by the contacts and 

penetration-enhancing activities of elastic particles with the 

epidermal cell membrane. Flexible vesicles can serve as drug-

carrier structures allowing drug-carrying vesicles to pass through 

intercellular barriers and overcome biological boundaries. These 

carriers' efficient travel is aided by the following factors: The 

vesicle bilayers' very stress-dependent flexibility. There is an 

osmotic gradient. In higher concentrations, the surfactant causes 

solubilization (lysis). Edge activator (EAs) boosting flexibility. 

• Spanlastic and layers of the organ are seen in (Figure 3)  

• The connection between the spanlastic system and the 

epidermis as well as the development of pores within the 

organ's layers. Is seen in (Figure 3) 

• The penetration of the spanlastic system through the layers 

is seen in (figure 3) 

• The drug release from the spanlastic system inside the organ 

is seen in (figure 3). As a result, the medicine that has 

become stuck in the system contacts the affected area 

directly . 

 

 

 

 

 

Method of preparation 

 

1. Using ether injection as a method of preparation  

 

  Using a 14-gauge needle, surfactant in ether is slowly injected 

into a 4 mL aqueous phase heated to 60 ºC. Using a rotary 

evaporator, the solution will evaporate. After the organic solvent 

has evaporated, monolayer vesicles will form. [37]. 

 

2. Method for injecting ethanol 

  This method permits the production of spanlastics with a specific 

ratio of non-ionic surfactant to edge activator. The intended 

medication is dissolved in ethanol as the solvent and then 

distributed. The lipid solution is sonicated for five minutes. This 

solution is then continuously injected into a heated aqueous 

solution containing an edge activator (such as Tween), which has 

Figure 1. Classification of spanlastic [38] 

Figure 2. Structure of spanlastic [35] 

Figure 3. The mechanism for achieving penetration of the spanlastic 

system deep inside the skin's epidermis and the membrane of lipids [36]. 
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been agitated for twenty minutes at 80 ºC with a magnetic stirrer. 

To reduce the concentration of the final formulation to ten 

millimoles, use distilled water. [39]. 

 

3. Technique for hydrating thin films 

In a round-bottom flask, Span 60 is weighed and dissolved in 

chloroform. As the organic liquid is evaporated using a rotary 

evaporator under vacuum, a thin layer will form on the inner 

surface of the flask. Using the selected edge activator, a specific 

amount of the substance will dissolve in the aqueous phase. This 

phase will be added to the thin layer deposition. After reattaching 

the flask to the evaporator, it will be rotated for thirty minutes at 

normal pressure, 60 ºC, and 90 revolutions per minute to 

completely remove the lipid coating from the flask's walls. After 

remaining undisturbed for over two hours, the resulting 

dispersion will be left overnight [40]. 

 

4. Modified spraying methodology 

Additionally, spandex is manufactured using this method. This 

method creates the organic phase by dissolving non-ionic 

surfactants in 2 to 3 mL of ethanol, which is then sent to a misting 

apparatus. The aqueous phase is heated to 55 to 60 ºC. The 

organic phase is then sprayed onto the liquid phase. [41]. 

 

Characterization Techniques of Spanlastics 

1. Using a transmission electron microscope:  Morphological 

analysis is carried out on spanlastics to ascertain their lamellarity, 

homogeneity of size and shape, and physical stability.   

2. Consider the vesicle's PDI and size: The movement of light 

can assess the formulation particle dimension as well as the PDI 

[41]. 

3. Zeta's potential: The instrument is used to determine the 

spanlastic formulation's zeta potential. It aids in the identification 

of the factors that lead to flocculation, aggregation, or dispersion 

[42]. 

4. V/mm3 (vesicles/millimeter3): The hemocytometer was used 

to determine the density of vesicles in a sample that had been 

adequately diluted with water [43]. 

5. Effectiveness of entrapment: To measure how well trapping 

worked, we turned to centrifugation. A 10 ml sample of the 

spanlastics dispersion may be centrifuged then collect the 

supernatant. The use of ultraviolet light assessed medicine in the 

supernatant [44]. 

6. Evaluation of Elastic Properties: As a surrogate for elastic 

qualities, the deformability index (DI) is useful. Nanospanlastics' 

elasticity may be measured using an extrusion technique. 

nanospanlastics were fabricated and extruded for 10 minutes 

under constant vacuum pressure [45, 46]. 

7. Differential scanning calorimetry's practical use: 

Differential scanning calorimetry is used to analyze the thermal 

properties of a given sample. A sample of the extrudate, weighing 

between 5 and 10 milligrams, is placed in a 40-milliliter 

aluminum crucible and precisely weighed before being sealed. 

All tests are conducted in a nitrogen atmosphere with heating 

rates of 10 ºC/min and temperatures ranging from 20 to 150 º C 

[47].   

8. Experiments on drug release in vitro:  Researchers used 

Franz diffusion cells to study drug release in vitro. The donor 

chamber and the receptor chamber were separated by a 

cellophane divider. The receptor chamber was filled with buffer 

at pH 6, and a weighed quantity of spanlastic was placed on one 

side of the dialysis membrane. The solution was then 

magnetically stirred at 500 rpm to maintain a temperature of 37 

ºC [47].   

9. Analysing Stability: The spanlastic formulation was subjected 

to a stability test by being stored for three months at 4 ºC in a 

glass vial at room temperature. Samples were extracted from the 

system at scheduled intervals. After 30, 60, and 90 days in 

storage, the encapsulation efficiency (EE%), particle size, size 

distribution, and drug release were analyzed. 

 

Bacterial Infections and Bacterial Resistance 

Despite medical advances such as vaccinations, antibiotics, 

enhanced hygiene, and the prevention of vector-borne illnesses, 

infections continue to be the leading cause of sickness 

worldwide. Infectious diseases kill around 13 million people each 

year. Numerous bacterial infections, especially those affecting 

the respiratory and gastrointestinal systems, have been linked to 

non-airborne chronic illnesses such as insulin resistance, 

gastrointestinal ulcers, cardiovascular disease, asthma, and 

cancer . The advent of antibiotics to address these bacterial 

infections has lowered morbidity and mortality, but antibiotic 

usage has drawbacks. Low concentrations in infection areas, the 

necessity for repeated high doses to achieve the required 

concentrations, severe adverse reactions and morbidity, and 

significant side effects and toxicity have left doctors with limited 

treatment options. One major issue is insufficient intracellular 

penetration [48-49]. 

Furthermore, the rise of antibiotic-resistant bacteria has rendered 

the most routinely used antibiotics ineffective. There is an urgent 

need to investigate alternative treatments for bacterial infections 

and prevent the spread of antibiotic resistance. This is due to the 

difficulty in accessing antibiotics, the emergence of new multi-

drug-resistant bacterial strains, and the decreasing development 

of new antibiotic classes. Nanosystems, with their unique 

physical properties and excellent surface-to-volume ratio, can 

more easily penetrate barriers and interact with bacteria. This 

suggests that they could potentially overcome the limitations of 

conventional antibiotic treatments [50-54]. 

 

Nanosystems and Antimicrobials 

Advantages of Nanosystems for Infection Treatments 

1. Higher levels of the drug inside the cell, which leads to 

improved outcomes [55]. 

2. Greater pharmaceutical bioavailability due to improved 

cellular absorption and extended- release. 

3. Lower dose and schedule of administration. 

4. More uniform distribution and improved patient compliance. 

5. Also, it has been demonstrated that some nanosystems used 

as routes of administration may be able to get around 

resistance by attacking diseases in different ways at the same 

time [56]   

 

Spanlastics and Antimicrobials 

Due to the lack of traditional medicines, vesicular systems such 

as spanlastics are now the subject of intensive investigation. 

Vesicular systems have been used as drug delivery systems 

because they are less harmful and more effective than free drugs 

at the same dosage. A bilayer of edge activator and surfactant is 

found in spanlastics. They are more stable than liposomes 

because they lack oxidatively degradable phospholipids. Vesicles 

are an appealing method of drug administration for the treatment 
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of antibiotic infections due to their lower toxicity and increased 

effectiveness. 

Bacteria have been linked to a variety of serious diseases and 

early deaths. Due to their efficiency and low cost, antibiotics are 

the primary therapy for bacterial infections. However, several 

studies have shown that the misuse of antibiotics has led to the 

rise of bacteria resistant to a wide range of antimicrobial 

treatments. As a result of widespread pharmaceutical usage, 

superbugs have evolved in recent years. In these bacteria, the 

super-resistance gene NDM-1 was discovered. The principal 

targets of the most commonly used antibiotics are cell wall 

construction, translation machinery, and DNA replication 

machinery. Nanoparticles (NPs) are unlikely to produce 

antibiotic-dependent bacterial resistance mechanisms because 

they work by making direct contact with the bacterial cell wall 

rather than entering the cell. This is why newly discovered 

antibacterial nanoparticle materials have piqued the public's 

curiosity [57-60]. 

The majority of bacteria live in multispecies biofilms where they 

interact with their environment and with one another. Biofilms 

are bacterial colonies that grow on solid surfaces and are 

composed of extracellular polymeric substances (EPS) [61]. 

When bacteria create EPS, they become permanently attached to 

the surface. Once bacteria have established themselves, flagella 

development stops, allowing for rapid multiplication and biofilm 

formation. At this point, the bacteria have established an 

antibiotic-resistant barrier, allowing the systemic infection to 

persist over time [62,63]. As a result, biofilms represent a 

substantial threat to human health. Biofilm bacteria may create 

superantigens to further evade the immune system. Bacterial 

infections remain widespread, despite the availability of 

numerous antibiotics and other novel therapies. Planktonic 

bacteria and biofilms, both of which are resistant to medicines 

and the body's natural defenses, can cause persistent illnesses that 

are notoriously difficult to cure. Fewer antimicrobials are 

effective against biofilms compared to planktonic bacteria [64]. 

 

Carbapenems as a Model 

Carbapenems are the most recent generation of β-lactam 

antibiotics [65]. They are the ultimate choice for long-term in-

patient care against dangerous infectious microorganisms. 

Carbapenems boast excellent hydrolysis resistance. However, 

carbapenem-resistant bacteria typically possess β-lactamases. 

Gram-negative microbes such as Enterobacteriaceae and 

Pseudomonas have exhibited global distribution. The incidence 

of this resistance is linked to bacterial production of 

carbapenems, enzymes that hydrolyze carbapenems and increase 

efflux of multiple drugs [66, 67]. This newly acquired resistance 

spreads rapidly through species segregation involving integrins, 

plasmids, and transposons [68]. 

A broad spectrum of antimicrobials, including aminoglycosides, 

quinolones, and cephalosporins, have been found in recent 

studies to be ineffective against carbapenem-resistant bacteria 

[68]. In response to this therapeutic challenge, several 

carbapenem formulation and delivery strategies have been 

developed with two primary goals. One approach to prevent 

carbapenem degradation by bacteria is to stabilize its molecular 

structure [69]. The second approach involves enhancing 

carbapenem absorption and penetration into bacteria to improve 

the drug's therapeutic efficacy against resistant strains. Ongoing 

research is focused on achieving these objectives. The efficient 

delivery of antimicrobial compounds is believed to be achievable 

using nano-sized carriers that provide essential chemical 

protection and targeted action [70]. 

These include solids and liposomes as nano-carriers, self-

assembling micelles [71-74], lipid nanoparticles, polymer 

nanoparticles, metal nanoparticles, and quantum dots. These 

nano-carriers have been shown to effectively reduce microbial 

resistance [73-77]. Comprehensive reviews provide further 

details on various nano-carrier delivery strategies that enhance 

antibacterial effectiveness against numerous pathogenic bacteria 

[75, 76]. Nanoparticles have significantly enhanced the delivery 

of antibiotics in recent years, garnering attention for their 

potential in combating microbial resistance and preventing 

biofilm formation [75, 76]. The thermodynamic stability of self-

assembled nano-sized polymeric nanoparticles makes them a 

viable method for delivering antibiotics. These particles enhance 

antibiotic efficacy against multidrug-resistant bacteria, as 

demonstrated in animal studies. They also protect antibiotics 

from degradation, allowing for reduced therapeutic doses and 

extended circulation [77]. Polymeric nanoparticles aid in the 

targeted delivery of antibiotics, reducing the frequency of 

administration and minimizing side effects. Various 

biodegradable polymers such as alpha-hydroxy acid-based 

polyesters (e.g., alginate, chitosan, polylactide, polyglycolide, 

and polycaprolactone) and polyamino acids are commonly used 

for medication delivery in medical literature [78-85]. 

Fazli et al. reported on the delivery of imipenem using a chitosan-

polyethylene oxide nanofiber mat incorporating ZnO 

nanoparticles to physically entrap imipenem/Cilastatin within 

nanopores [79]. They successfully maintained the release of 

imipenem/Cilastatin, although concerns persist regarding the 

potential toxicity of ZnO nanoparticles [80]. Polyhydroxy-acid 

esters biodegrade effectively and have been utilized for sustained 

release of antimicrobials [20]. Modifying certain polymer 

characteristics such as molecular weight and 

hydrophilicity/hydrophobicity can customize nanoparticles for 

specific delivery functions [81]. However, no studies have 

specifically investigated the safety of carbapenem delivery using 

polyhydroxy-acid esters. Niosomes are nonionic surfactant 

nanoparticles that mimic the characteristics of liposomes. 

Composed of amphipathic lipids and nonionic surfactants, 

niosomes are widely used in drug delivery. They can dissolve in 

both fat and water [82]. Niosomes are more stable, less prone to 

oxidation, and more cost-effective than liposomes because they 

utilize nonionic surfactants instead of lipids for membrane 

formation. They remain stable at room temperature and carry no 

net electrical charge. Noisome particles have demonstrated 

effectiveness in various delivery routes including inhalation, oral 

ingestion, ocular administration, dermal application, and 

intravenous injection. 

Niosomes, derived from the cosmetics industry, are valued for 

their osmotic nature, biocompatibility, and anti-inflammatory 

properties, making them excellent vehicles for medication 

delivery [83, 84]. These amphipathic structures have an aqueous 

core surrounded by a hydrophobic membrane, facilitating the 

delivery of both hydrophobic and hydrophilic therapeutic 

substances due to their high water permeability and neutral 

charge [85]. Niosomes, composed of water-soluble bilayers 

containing nonionic surfactants, are capable of carrying large 

doses of medication, making them ideal for drug encapsulation 

[86, 87]. They have recently garnered attention as potential 

carriers for antibacterial agents [88]. 

Spanlastics (SPLs) are elastic nanovesicles developed by Kakkar 

and Kaur [40], consisting of ethanol, an edge activator, and a 

nonionic surfactant. Spanlastics can deliver drugs that are both 
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hydrophilic and hydrophobic, utilizing compartments with 

hydrophilic and lipid layers [89]. These vesicular carriers are 

non-immunogenic, biodegradable, and non-toxic, significantly 

enhancing therapeutic efficacy, medication absorption, patient 

compliance, and reducing adverse effects [39]. Spanlastics are 

chemically stable due to their elasticity, offering advantages over 

liposomal and niosomal delivery systems [40]. The presence of 

an edge activator in spanlastics disrupts the vesicle's lipid 

membrane, increasing permeability and deformability across 

biological membranes [39]. 

Recent studies have explored various applications of spanlastics, 

such as enhancing the delivery of ciprofloxacin trans-

tympanically [90], treating fungal keratitis with clotrimazole 

intraocularly [91], and improving terbinafine hydrochloride 

penetration through nails [92]. Spanlastics have also been used 

for topical delivery of fenoprofen calcium to treat arthritis [93]. 

Research specifically evaluating spanlastics for carbapenem 

delivery is limited. In this study, meropenem was formulated into 

spanlastic nanoparticles using span and an edge activator. The 

nanoparticles were then tested for their antibacterial efficacy in 

vitro against meropenem-resistant bacteria. Meropenem, a broad-

spectrum antibacterial drug in the carbapenem family, is used in 

both adults and children to treat severe infections empirically 

until the causative organisms are identified. It is approved in the 

US for treating complicated intra-abdominal infections (cIAI), 

complicated skin and skin structure infections (cSSSI), and 

bacterial meningitis in children over 3 months old. Meropenem 

exhibits broad in vitro activity against both Gram-positive and 

Gram-negative pathogens. 

Conclusion 

In conclusion, the evolution of advanced medication delivery 

systems represents a significant leap forward in pharmaceutical 

technology, particularly through the integration of 

nanotechnology. These innovative systems, including 

spanlastics, liposomes, and niosomes, offer remarkable 

improvements over traditional methods by enhancing drug 

efficacy, targeting precision, and minimizing side effects. 

Advanced delivery techniques such as controlled-release and 

targeted systems facilitate more effective and site-specific 

medication administration, addressing key challenges like drug 

degradation and resistance. While spanlastics, with their flexible 

and stable characteristics, show promise in overcoming 

biological barriers and enhancing therapeutic outcomes, the 

broader application of nanosystems in combating antibiotic 

resistance highlights their potential to revolutionize infection 

treatment. As research and development continue, these 

advanced drug delivery systems will likely play a pivotal role in 

optimizing medication efficacy and patient compliance, 

ultimately advancing the field of medicine. 
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