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 ABSTRACT 

Parenteral preparations are considered costly therapy, painful drug delivery as well as the risk 

of infections at administration site. This unlocks the panorama for development of new 

methods regarding delivery of such drugs. Gentamicin (GM) is a renowned aminoglycoside 

and is the drug of choice for several diseases. Currently, it is available in parenteral 

formulations and few topical preparations are also available that are not meant for systemic 

drug delivery. Keeping in mind the above scenario and to fulfill the need of alternative dosage 

routes, the current research was conducted. Two controlled release preparations of gentamicin 

(GM) were prepared by using poly lactic co glycolic acid (PLGA) nanoparticles (NPs) i.e. oral 

and transdermal patch to achieve systemic drug concentrations. The oral formulation of 

gentamicin loaded PLGA nanoparticles were surface modified by coating it with chitosan. 

Similarly, GM loaded PLGA NPs were also prepared which were later used in transdermal 

patch. The NPs were characterized by zeta potential and polydispersity index (PDI), 

entrapment efficiency, scanning electron microscopy (SEM), X-rays diffraction (XRD), 

Fourier transform infrared spectroscopy (FTIR) and thermogravimetric analysis. Transdermal 

patches were characterized further for various physical parameters. Analysis of variance 

(ANOVA) was applied for hematological and biochemical parameters by using Graph pad 

prism software. In vitro studies following in vivo pharmacokinetics were conducted. 

Pharmacokinetic parameters were determined by using APO software. Toxicity studies of 

these formulations, including hematological, biochemical parameters and histopathological 

studies of were carried out. No alterations were observed in any of the above-mentioned tests. 

Various pharmacokinetic parameters determined for oral and transdermal patch determined 

were the area under the curve (AUC), time to reach maximum concentration (Tmax), 

maximum concentration (Cmax), volume of distribution (Vd) and clearance. Based on the 

above results, it is concluded that both the formulations have potential for systemic absorption 

of Gentamicin and can be used for achieving therapeutic benefits. However, further studies are 

required for dose optimization of the formulations. 

Keywords: Gentamicin, Oral, Transdermal Patch, Nanoparticles, Poly lactic-co-glycolic acid 

(PLGA), Pharmacokinetics, Toxicity studies.
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CHAPTER 1 

INTRODUCTION 

The drug delivery method has a substantial outcome on the bioavailability and efficacy of any 

drug. Numerous setbacks associated with different means of drug administration have paved 

the way for the development of other alternatives for drug administration (Nnamani et al., 

2013b). Controlled drug delivery has provided better and promising approach in comparison 

to the conventional dosage forms. Controlled drug delivery is achieved when a natural or 

synthetic polymer is prudently combined with drug/active pharmaceutical ingredients in a way 

that the predesigned drug release is achieved. The release of drug/active pharmaceutical is 

either elicited by the environment or a constant release rate is achieved over a prolonged time 

period (Ofokansi et al., 2011). Controlled drug delivery is important for administration of a 

variety of drugs and provides better therapeutic outcomes in comparison to the conventional 

means of drug delivery (Pal et al., 2007).  

There are numerous types of controlled release drug delivery systems for the treatment of 

various pathological conditions. In vivo recital of these systems primarily depend upon 

formulation composition and method of preparation. Polymers (alone or in combination), waxy 

materials and additional functional excipients are used along with the active pharmaceutical 

ingredient. A variety of polymers is used which are available in different grades and molecular 

weight that’s why having variable release profile (Chen et al., 2018). 

One of the important route of controlled release preparations is the bio-adhesive formulations 

since they increase the drug absorption after binding to the epithelial or mucous surfaces. These 

formulations are in use for treatment of both the topical and systemic infections (Goyal et al., 

2016). The desired goal in case of transdermal drug delivery is to maximize the flux into the 

systemic circulation via skin while minimizing the drug metabolism and retention in the skin. 

Transdermal drug delivery has been widely explored and provide a suitable alternative with 

enhanced drug bioavailability. It provides numerous advantages e.g. augmented efficacy, 

enhanced safety, improved patient compliance and better patient convenience. In this way, 

potent drugs can be administered with minimal toxicity risk. Further, it eludes first pass effect 

and drug degradation through GIT .They can be overcome easily in case of systemic toxicity 

(Patel et al., 2012). A variety of drugs including anti-anginal, antihypertensive, anti-
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inflammatory, antibiotics, analgesics, anti-arthritic and many more drugs has been developed 

and explored for transdermal drug delivery (Rasool et al., 2011). 

Gentamicin, a broad-spectrum bactericidal antibiotic, belonging to aminoglycosides and 

inhibits protein synthesis after binding to 30S subunit of ribosome. Gentamicin is effective 

against a variety of bacterial infections, mostly gram-negative like Pseudomonas, Proteus, 

Serratia. It belongs to biopharmaceutical classification system-III (BCS-III) (i.e. low 

permeability and high solubility). It is hydrophilic in nature, has relatively short half-life, 

unstable in acidic pH and has minimal absorption through GIT. Additionally, its ionic nature 

hinders absorption through GIT mucosa (Francis et al., 2011). It is routinely administered 

intravenously, intramuscularly and subcutaneously. It is nephrotoxic and ototoxic. Though the 

clinical use of gentamicin is limited to parenteral and topical route even then numerous 

problems are associated with these conventional routes including expensive therapy, poor 

patient compliance towards parenteral administration especially for prolonged time period and 

all the toxicity dangers. Even though, topical application of gentamicin is not painful yet the 

patient can’t deliberately apply creams/ointments as frequently as required. That’s why, there 

is a strong need for development of a new transdermal preparation for prolonged and controlled 

drug release (Umeyor et al., 2012). 

Nanotechnology is an emergent technology that has opened the horizons for exploiting the 

structures at molecular level. That’s why it is believed to have significant effect in the field of 

medicine, pharmaceutical sciences and many more. It has prominent effects in case of targeted 

drug delivery where it improves not only the bio-distribution of drug but also boost the drug 

accumulation in specific body sites (Ranghar et al., 2014). Nanoparticle-based drug delivery 

systems (size range of 100-1,000nm) may be particles, devices or numerous systems produced 

from different materials like polymers (e.g micelles, dendrimers or polymeric nanoparticles) 

(Ranghar et al., 2014) , inorganic (Xin et al., 2017)  or lipids (e.g. liposomes) (Rivera, 2003) 

Biodegradable nanoparticles have been broadly used for boosted intracellular drug delivery 

since 1980s (Soppimath et al., 2001). There are numerous advantages of the biodegradable 

polymeric nanoparticles like structurally stable in unfavorable conditions and biological fluids, 

having quite tunable characteristics (Zhang et al., 2010) as well as facile and flexible surface 

functionalization for targeting ligands and conjugating drugs (Sharma et al., 2012). 
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For nanoparticles synthesis, a variety of polymers can be used. Among them, PLGA is the 

most widely used. It is approved by the Food and Drug Administration (FDA) and the 

European Medicine Agency (EMA) for safe drug delivery due to its biocompatible and 

biodegradable nature (Wickline et al., 2007). PLGA is a co-polymer of poly glycolic acid 

(PGA) and poly lactic acid (PLA). Owing to its performance and design PLGA is the top 

biomaterial for drug delivery. PLGA stands for poly D, L-lactic-co-glycolic acid while D and 

L lactic acid forms are existing in a static ratio (Makadia et al., 2011). PLGA is broadly used 

in the delivery of biological macromolecules and for drug delivery (Sharma et al., 2016). 

Founded on the previously stated problems, the study was designed for the preparation and 

characterization of alternative ways for gentamicin delivery. One was the transdermal patch 

for topical applications simultaneously providing both the local and systemic effects. 

Gentamicin was loaded in polymer (PLGA) nanoparticles which were used for patch 

formation. Another is the oral preparation having gentamicin loaded PLGA nanoparticles 

which were coated with chitosan for better penetration and absorption through the GIT. Both 

preparations were subjected to necessary characterizations. Finally, pharmacokinetic 

parameters of both the formulations were evaluated and compared after administering them to 

rabbit.   

 

Aims and Objectives 

 A simple process to develop and optimize controlled release polymeric drug delivery 

systems with the aim to improve the permeability of gentamicin by using different 

polymer combinations, nanostructures, and surfactants. 

 To access the safety profile of these nanoformulations by conducting toxicity studies 

in rabbits 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1. A brief introduction to Aminoglycosides 

Aminoglycosides (AGs) have a debatable and long history. They were first developed in the 

1940s and derived from antimicrobial substances produced from soil-dwelling bacterial 

species Streptomyces and Micromonospora (Avent et al., 2011) 

Aminoglycosides are the broad-spectrum antibiotics and widely used for the treatment of 

various infections instigated by Gram-negative and Gram-positive bacteria. On the basis of 

their 2-deoxystreptamine (2-DOS) ring pattern, they are classified into the following categories 

 4,5-disubstituted 2-DOS aminoglycosides  

e.g. Neomycin B, Neamine, paromomycin, ribostamycin, paromamine 

 

 4,6-disubstituted 2-DOS  aminoglycosides 

e.g. Amikacin, Gentamicin. Dibekacin, Arbekacin, Kanamycin A & B, Geneticin, 

Isepamicin, Nebramine, Plazomicin, Netilmicin, Tobramycin and Sisomicin 

 monosubstituted 2-DOS aminoglycosides  

e.g. Streptomycin and Apramycin (Chandrika et al., 2018) 

Aminoglycosides are bactericidal drugs. They interpose the protein synthesis by acting on 30S 

ribosomal subunit of prokaryotic ribosomes and interfere the initiation of complex process of 

protein synthesis. For this purpose, endure active transport into cell cytosol (Avent et al., 2011, 

Wasserman et al., 2015). 

Among aminoglycosides, three agents are most commonly used via parenteral route i.e. 

tobramycin, Gentamicin and amikacin. Other administration routes are available also including 

inhalational via nebulizer (tobramycin), intra-ventricular and intra-peritoneal administration 

(gentamicin). While neomycin and paromomycin are not absorbed systemically so orally used 

for bowel intra-luminal activity (Avent et al., 2011). 

Aminoglycosides are used for the treatment of various infections. They may be present 

naturally, semi-synthetic or may be amino-modified sugars. The aminoglycosides which are 
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available in United States for clinical use are genatmycin, amikacin, kanamycin, neomycin, 

paromomycin, streptomycin and tobramycin and are approved by the US Food and Drug 

Administration (FDA). The most remarkable application of AGs is their use, either alone or 

with other drugs, for cure of serious infections by Gram-positive aerobic bacilli. While their 

minor application is their use in combination therapy for the treatment of Gram-positive 

pathogens (Martinez et al., 2010). Few AGs have also been found to show clinical efficacy against 

Neisseria gonorrhoeae (streptomycin), protozoa (paromomycin), and mycobacterial infections 

(arbekacin, amikacin, streptomycin, kanamycin and tobramycin) (Chandrika et al., 2016). Other 

examples of aminoglycosides usage are Gentamicin ( active against multiple Gram-negative and 

Gram-positive bacteria including P. aeruginosa), kanamycin (active against penicillin-resistant 

Staphylococci as well as tobramycin and Gentamicin which are considered as backbone for 

Pseudomonas infections treatment (Chandrika et al., 2016). 

The most significant adverse effects observed with AGs are nephrotoxicity, ototoxicity and often 

neuromuscular toxicity (Avent et al., 2011) 

2.2. Gentamicin and brief introduction of physicochemical and therapeutic 

potentials 

Gentamicin is called as “workhorse” of aminoglycosides. It has been used for serious gram- 

negative bacterial infection since early 1960s and still continues its main role (Avent et al., 

2011). 

Physiochemical properties 

Mechanism of action 

Gentamicin acts by binding to explicit proteins of ribosomes leading to the formation of 

nonfunctional complexes initiating the misreading of messenger ribosomal RNA (mRNA) 

(Gubernator et al., 2007). It binds electrostatically with negatively charged phospholipids head 

groups and disrupts the protein synthesis, both of these factors contribute towards its toxicity 

(Kovács et al., 2012). 

Spectrum of activity 

Gentamicin, an aminoglycoside, shows bactericidal potential against a diverse variety of 

microorganisms, such as Pseudomonas aeruginosa, Staphylococcus aureus,  Escherichia coli 

(Monteiro et al., 2015) and many other e.g. Proteus and Serratia. It is also beneficial against 
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Francisella tularensis and Yersinia pestis (Doadrio et al., 2004).Among other 

aminoglycosides, bacterial resistance toward Gentamicin is lower (Kovács et al., 2012). 

Indications  

Gentamicin is used (in cream form) for the treatment of infected skin cysts, burns, ulcers, 

infected lacerations, wounds and infected stings and insect bites. It is directed also for the 

treatment of bacterial infections of bone, urinary and respiratory tract, skin, stomach, soft 

tissue, heart and blood (Maleki Dizaj et al., 2016, Stevens et al., 2005).  

Pharmacokinetics 

Absorption 

Gentamicin, being a water-soluble and polar compound boons very poor intestinal and dermal 

permeability. For parenteral preparation, it is offered as gentamicin sulfate aqueous solution in 

ampoules or vials (González-Vázquez et al., 2017) 

Distribution 

In human beings, the therapeutic plasma levels of Gentamicin ranges between 4 and 10 µg/mL 

(Chattopadhyay, 2002, González-Vázquez et al., 2017). 

Metabolism 

Excretion 

Gentamicin is excreted unchanged (almost entirely) by kidneys generally via glomerular 

filtration. In persons with normal renal function, it has short elimination half-life i.e. 2-3 hours. 

In neonates and children, its elimination half-life is dependent upon patient age (Darmstadt et 

al., 2009, Hindmarsh et al., 1983). That’s why, in order to avoid drug-related toxicity, cautious 

dose calculation, as well as close monitoring, are mandatory while administering the drug to 

neonates and children. Preferably, serum concentration of GM should be measured but it is not 

part of World Health Organization (WHO) recommendations currently particularly for out-

patients and further it can’t be carried out in low-resource settings as well (González-Vázquez 

et al., 2017) 

 

Adverse Effects 

Like other aminoglycosides, it is nephrotoxic and ototoxic. It has narrow therapeutic index. 

(González-Vázquez et al., 2017) 
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Dosage forms 

Like other aminoglycosides, it has very poor intestinal absorption. It is administered via 

intravenous, intramuscular and topical route for infection eradication (Tang et al., 2014) 

2.3. Biopharmaceutical classification system (BCS) of drugs 

Despite this diversity, Amidon et al.  (Amidon et al., 1995) explained that the essential 

measures governing oral drug absorption are drug solubility in GIT as well as the drug 

permeability through GIT membranes. These chief parameters are considered in the 

Biopharmaceutical Classification System (BCS). Drugs can be classified into one of the 

following four BCS categories proposed by two scientists Wu and Benet (Benet, 2013, Wu et 

al., 2005). 

Table 2.1: Biopharmaceutical classification system of drugs 

 

Class Solubility Permeability Absorption Examples 

I High High 

Usually very 

well-absorbed 

compounds 

 

Diclofenac sodium, verapamil, 

Metoprolol, Acetaminophen, 

propranolol 

II Low High 

Displays 

dissolution rate-

limited 

absorption 

Digoxin, griseofulvin, 

spironolactone, ketoprofen, 

carbamazepine, naproxen 

III High Low 

Shows 

permeability-

limited 

absorption 

Captopril, insulin, Bisphosphonates, 

Ranitidine, atenolol, vancomycin 

IV Low Low 
Very poor oral 

bioavailability 
Taxol, Neomycin 
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2.4 Gastrointestinal absorption of drugs 

From the gastrointestinal tract, the extent and rate of drug absorption is highly multifarious and 

affected by multiple factors. These factors are divided broadly into three main factors 

 

 Physicochemical factors e.g., pKa, stability, solubility, diffusivity, 

lipophilicity, the existence of hydrogen bonding moieties, crystal form, 

polar–nonpolar surface area and particle size, 

  Physiological factors e.g., GI pH, gastric emptying, blood flow, passage 

time through the small intestine, colon and absorption mechanisms 

 Dosage form factors e.g., solution,  tablet, capsule, emulsion, suspension 

and gel (Dahan et al., 2009, Mannhold et al., 2009, Sun et al., 2004). 

 

2.4.1 Gastrointestinal physiology in relation to drug absorption 

Orally administered drugs are affected by various factors in GIT e.g. physiological 

functionalities, anatomical barrier and gastric contents. The alimentary canal starts from oral 

cavity and ends at anus. Saliva is secreted by oral cavity which contains mucin and amylase 

which help in lubrication and digestion respectively. They may also interact with drugs. The 

oral cavity is followed by esophagus leading to pharynx. Here the drug dissolution is almost 

negligible. The pharynx is followed by stomach having acidic pH (Lipinski, 2016). This acidic 

pH is the leading cause of degradation of many drugs. Here, enzyme pepsin is secreted 

responsible for protein digestion. Pepsin is the chief cause for breakdown of peptide bond, 

leading to inactivation of peptide drugs. That’s why peptide drugs are not recommended for 

oral use. Generally, few weakly acidic drugs are absorbed here. The stomach is followed by 

the small intestine that has three parts. It is the major site for drug absorption owing to large 

surface area. Colon, another part of GIT, show limited drug absorption due to absence of villi. 

A few drugs like metoprolol and theophylline are absorbed here. The last part of GIT is the 

rectum. Since the site is well perfused, drugs can be absorbed here (Kulinowski et al., 2016). 

Some physiological factors affecting absorption are   

 Gastric emptying time 

 GIT pH 

 GIT surface area 
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 GIT motility and intestinal transit time 

 GIT contents 

 

2.4.2 Role of gastrointestinal pH in drug absorption 

The pH of different parts of GIT is highly variable. In fasting conditions, pH is highly acidic 

i.e. 1-3.5.With food integration, pH of gastric juice becomes less acidic in the range of 3-7. 

Intestinal pH is greater than in stomach due to bicarbonate ions released into small intestine 

from pancreas. Absorption of different drugs affected by pH is erythromycin, penicillin G and 

omeprazole (Abuhelwa et al., 2017). Salivary pH is 5.5-7.5 while pH of upper stomach is 4-

6.5 and 1-2 for lower stomach. Duodenal pH is 7-8.5 while 4-7 for distal small intestine 

(Devadasu et al., 2018). 

2.5. Nanotechnology to enhance delivery of low solubility/permeability drugs 

Nanotechnology is frequently used now a days for numerous applications in drug delivery 

(Jahanshahi et al., 2008, Li, 2017, Nazar, 2017, Safari et al., 2014). Nano-formulations 

improve drug efficacy, tolerability, specificity and therapeutic index.  Further they protect the 

hasty degradation, improvement of absorption into a designated tissue, retention time, 

bioavailability and upgrading of intracellular permeation. Nanoparticle-based formulations 

reduce the toxicity risks in addition to patient expenses. Several nano-formulations of terrible 

diseases like cancer, diabetes, acquired immune-deficiency syndrome (AIDS), tuberculosis 

and malaria are available in market and large number is still under clinical trials (Kumari et 

al., 2010) 

Control release drug delivery is the characteristic feature of nano-formulations. Control drug 

delivery has various advantages over conventional dosage form in terms of better therapeutic 

outcomes and control release of medicament (Nnamani et al., 2013b). Conventional drug 

delivery is characterized by poor bio-distribution (in case of few drugs), lacking selectivity and 

compromised effectiveness. In controlled drug delivery, drug is released at a predetermined 

time thus reducing the risk of toxicity/side effects. These activities of NPs are triggered by 

particle size, shape, hydrophobicity and surface charge. Cationic charge of surface is 

indispensable as it endorses cell interaction with nanoparticles and therefore enhances the 

extent and rate of internalization (Wilczewska et al., 2012). 
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Controlled drug delivery is achieved by using a suitable polymeric systems having maximum 

drug encapsulation, improvement of retention time and bioavailability. Polymeric 

nanoparticles have diameter range of 10 to 100 nm (Saraogi et al., 2010). They are classified 

into biodegradable and non-biodegradable (Wilczewska et al., 2012). PLGA is one of the most 

promising biodegradable polymers hence it undergoes hydrolysis in the body into lactic acid 

and glycolic acid. However, biodegradable nanoparticles are often used to enhance the 

therapeutic outcome of numerous water-insoluble or soluble bioactive compounds and 

medicaments by refining solubility, bioavailability and retention time. It is the only 

biodegradable polymer approved by US FDA (Food & Drug Administration) for human use 

(Makadia et al., 2011). 

Currently nanoparticles have become tremendously appealing for biomedical applications. 

Polymers used for their synthesis may be natural or synthetic. Delivery of different substances 

like macromolecules, vaccines and of hydrophobic drugs to liver, brain and lungs can be 

attained with these NPs thus rendering them complex system for targeted delivery (Danhier et 

al., 2012). Nanoparticles must-have characteristics of biocompatibility and adequate 

biodegradation kinetics to be used as drug delivery vector. Therapeutically ideal dose regimen 

and rate can be achieved by controlling particle size, rate of release and surface properties 

during the optimization of nanoparticles. Polymeric NPs have great utilization in numerous 

fields like cancer therapy, diagnostics and tissue engineering scaffolds (Liu et al., 2007). 

Gentamicin (GM) is an antibiotic, belonging to aminoglycosides class and used effectively for 

the treatment of a wide variety of diseases particularly caused by Gram negative bacteria (Ji et 

al., 2011). It is water-soluble in nature. GM is bactericidal. It is a drug of choice against diverse 

strains of bacteria, bacilli and cocci both in human and veterinary divisions (Nnamani et al., 

2013a). It falls to class-III of Biopharmaceutical Classification system (BCS) i.e. having Low 

permeability and high solubility. It has poor permeability across intestinal mucosa owing to 

cationic charge. Its use is limited by a relatively short half-life. It is not stable at acidic pH of 

the stomach. Currently, GM is available in injectable, ophthalmic and nasal dosage forms. 

These dosage forms pose frequent problems e.g. patient non-compliance owing to repeated 

administration, need of technical expertise particularly for injectable administration, high 

therapy cost, increased likelihood of allergic reactions ultimately leading to therapy failure (Ito 

et al., 2005). 
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2.6. CHARACTERIZATION OF NANOPARTICLES 

2.6.1. Thermal stability 

The relationship of a material with its processing conditions are studied by thermal analytical 

methods. Such methods can be employed to study thermal degradation or physical process 

(Tudorachi et al., 2011). The thermal analysis of polymer is appropriate method of providing 

supplementary and complementary characterization evidence that helps to select them for some 

applications, forecast product performance and enhance product quality. The process can 

investigate materials that show either mass gain or loss owing to oxidation, decomposition or 

even moisture loss. It is valued for the determination of thermal stabilities, decomposition 

kinetics, moisture and volatiles content, and so on (Silva et al., 2015, Tudorachi et al., 2011). 

2.6. Biodegradable polymeric nanoparticles role in study 

2.6.1. PLGA 

Poly D, L-lactic-co-glycolic acid (PLGA) is a co polymer of PLA and PGA. It is the best 

available biomaterial for drug delivery. Fixed forms of D and L lactic acid are present in PLGA 

(Makadia et al., 2011). Despite a wide variety of polymers are frequently used for nanoparticles 

synthesis but PLGA is the most frequently used polymer amongst them. It is approved by 

United States FDA and European medicine agency (EMA). 

It is biodegradable, biocompatible and can be safely administered. Controlled release 

macromolecules by using polymers were first demonstrated in 1976. No doubt, this input 

opened new horizons in the field of new drug delivery systems (Langer et al., 1976). 

Since then PLGA NPs have shown a significant role in bio molecules transmission like DNA, 

RNA, vitamins, and peptides for both in vitro and in vivo. It has also revolutionized the drug 

delivery of anti-angiogenic drugs for cancer treatment. Scientists have emphasized the 

effectual delivery of vitamins by PLGA based micro and nanoparticles (Stevanovic et al., 

2009). Another team of scientists, in their  review article, briefly explained PLGA assisted 

tumor targeting (Choi et al., 2012). 

Similarly, elucidated the application and synthesis of PLGA-b-PEG polymeric nanoparticles 

by another researcher group (Locatelli et al., 2012). A complete compilation  has been given 

by Joo et al., explaining numerous features of PLGA together with targeting, surface 

modification and the inherent capacity as cancer drug carrier has been reserved 

(Alimohammadi et al., 2014). 



12 
 

"PLGA in drug delivery. PLGA is one of the most successfully used biodegradable and 

biocompatible copolymers in biomedical applications, which after hydrolysis leads to the 

endogenous metabolite monomers, lactic acid, and glycolic acid which are easily metabolized 

via the Krebs cycle (Aryal et al., 2009, Hrkach et al., 2012, Hu et al., 2013). Importantly, 

minimal systemic toxicity is associated with the use of PLGA in biomedical applications. 

PLGA has attracted considerable attention due to its unique properties such as (i) protection of 

drug from degradation, (ii) FDA and European Medicine Agency approved drug delivery 

systems for parenteral administration, (iii) well described formulations and methods of 

production adapted to various types of drugs, e.g., hydrophilic or hydrophobic small molecules 

or macromolecules, (iv) possibility of sustained-release, and (v) ease of surface modification 

to provide better interaction with biological materials. In the proposed nanoconstruct, PLGA 

NPs act as a skeleton for EVs and reservoir of drug, which gives an overall structure to the 

nanoconstruct". 

2.6.2 Properties of PLGA 

PLGA synthesis is carried out by the random opening of ring copolymerization of two 

monomeric units, lactic acid and glycolic acid using tin (II) alkoxides, tin (II) 2-ethyl hexanoate 

or aluminum isopropoxide as catalyst. During polymerization, lactic and glycolic acid units 

are linked together repeatedly via ester linkages. This results in PLGA formation. By using the 

different ratio of glycolide and lactide, different PLGA forms can be obtained e.g.  

 PLGA 50:50 (means a copolymer comprising of 50 % glycolic acid and 50 % lactic 

acid), 

 PLGA 75:25 

 PLGA 80:20  

 

The deterioration time of polymer may fluctuate from months to years depending upon the 

lactide and glycolide copolymer ratio and the molecular weight (Danhier et al., 2012, Sharma 

et al., 2016). Deterioration time of the low molecular weight polymers is short because of the 

high glycolide content and amorphous and more hydrophilic nature. This can be justified on 

the basis that glycolic acid is more hydrophilic and have the tendency to absorb large 

proportion of water. On the other hand, polymers with higher lactic acid proportion are more 

hydrophobic hence absorbing less water and slowly degrades (Schliecker et al., 2003).  
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This phenomenon is very convenient for sustained and controlled drug release fluctuating from 

weeks to months. Two metabolic monomers, glycolic acid and lactic acid, are generated by the 

hydrolysis of PLGA. They are further metabolized into simple endogenous metabolites, carbon 

mono-oxide and water via Kreb’s cycle (Acharya et al., 2011).  

A large variety of molecules can be encapsulated into PLGA. They are miscible with different 

organic solvents like acetone, tetrahydrofuran, ethyl acetate, chloroform and dichloromethane. 

Physical characteristics e.g. polydispersity index, molecular weight and degree of crystallinity, 

show a remarkable influence on swelling behavior, mechanical strength and biodegradation 

rate (Siegel et al., 2006) . 

 

2.6.3. Structure and metabolism of PLGA 

 

 

 

Figure 2.1: metabolism of PLGA in body (Danhier et al., 2012) 

 

2.6.4. Synthesis of PLGA by ring-opening polymerization 

 

PLGA synthesis from its monomers is shown in figure 2.2.(Nicolas et al., 2013) 
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Figure 2.2: Synthesis of PLGA from monomers by ring opening polymerization (ROP) 

  

2.6.5. Drug delivery by PLGA 

PLGA has various biomedical applications which can be divided into 3 main categories 

 Drug delivery 

 Bio detoxification 

 Theranostics 

Only the drug delivery aspect has been highlighted according to the need of research work, 

with reference to the delivery of anti-infective drugs (Gamazo et al., 2007, Gupta et al., 2010, 

Imbuluzqueta et al., 2011, Lecaroz et al., 2006a, Pillai et al., 2008, Toti et al., 2011). 

 

Table 2.2: Drug delivery of various drugs by using poly lactide co-glycolic acid (PLGA) 

 

Drug Indication Hindrances Effect with NPs 

Rifampicin Chlamydia infected 

cells 

 

Poor penetration Better penetration 

Azithromycin Chlamydia infected 

cells 

 

Poor penetration Better penetration 

Gentamicin Brucellosis Poor cellular penetration Enhanced 

penetration 

Nafcillin Osteomylitis Poor penetration Reduced 

staphylococcus 

aureus infecting 

osteoblasts 

Sparfloxacin Conjuctivitis Poorly water soluble Prolonged stay on 

corneal surface 
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2.7. PLGA loaded nanoparticle based delivery of gentamicin and other 

aminoglycosides 

Numerous studies have reported the potential and enhanced therapeutic benefits of Gentamicin 

loaded PLGA based nanoparticles. This topic narrates various studies covering this aspect and 

highlights the worth of our correlated work 

In a study, Gentamicin was used for the local treatment of osteomyelitis in the form of 

polymeric nanoparticles. Gentamicin encapsulated nanoparticles were prepared by the double 

emulsification method by using PLGA (85:15). Nanoparticles were characterized by atomic 

force microscopy, laser electrophoresis and dynamic light scattering. Physicho-chemical 

parameters were primarily dependent upon Gentamicin and stabilizer (poly vinyl alcohol) 

concentration. The negative zeta potential value corresponded to carboxyl group of PLGA. In 

vitro release, initially showed burst release followed by sustained release over a period of 35 

days. Agar diffusion method, by using Staphylococus epidermidis and Staphylococcus aureus 

(as they are causing osteomyelitis) exhibited antibacterial potential of GM loaded PLGA NPs. 

The study concluded that the formulation is auspicious biomaterial for use in osteomyelitis 

treatment (Posadowska et al., 2015). 

In a study, micro and nanoparticles of Gentamicin loaded PLGA were prepared by using the 

solvent evaporation method aimed to engineer suitable route for the systemic administration. 

Nanoparticles made of 502H PLGA achieved adequate encapsulation level. These NPs 

exhibited no aggregation and proved best for the intra cellular treatment of susceptible 

pathogens (Lecaroz et al., 2006b). 

Gentamicin loaded PLGA NPs system (nano are microparticles) was studies against brucellosis 

in experimental animal mice.(Lecaroz et al., 2007). The clinical management of brucellosis is 

perplexing and demands a sustained drug delivery at infection site in order to reduce the 

administration frequency. In this study, Gentamicin was hydrophobically modified as 

Gentamicin-AOT (AOT is bis (2-ethylhexyl) sulfosuccinate sodium salt) was encapsulated in 

PLGA NPs. The potential efficacy of formulation was established both in vitro and in vivo. 

This formulation reduced Brucella infection and also effectively targeted the spleen and liver 

and maintained therapeutic concentration upto 4 days thus suggesting promising results for 

brucellosis treatment (Imbuluzqueta et al., 2013). 
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Amikacin is a hydrophilic aminoglycoside and available commercially in the form of 

intravenous administration. The narrated study aimed to enhance the oral permeability of 

amikacin via oral route by encapsulating drug into PLGA NPs. In vitro studies revealed that 

formulation has potential against Klebsiella pneumonia, Pseudomonas aeruginosa and E.coli. 

The studies on rat ileum showed 2.6 fold increase in permeation of amikacin NPs than amikacin 

standard. The study thus proves that PLGA NPs of amikacin are promising tool for oral 

delivery of amikacin (Fatima et al., 2018). 

 

2.8. Surface modification of PLGA NPs with chitosan alongwith brief review 

of chitosan properties 

2.8.1. Chitosan 

Chitosan is semi-crystalline, linear polysaccharide and a derivative obtained from partial 

deacetylation of chitin (Dornish et al., 2001). The amino groups presence in chitosan structure 

imparts many properties to this polymer like antibacterial (Benhabiles et al., 2012, Yien et al., 

2012), muco-adhesive (Sogias et al., 2008), antifungal activity (Yien et al., 2012), analgesic 

(Okamoto et al., 2002) and haemostatic properties (Liu et al., 2014a). 

It undergoes biodegradation into non-toxic metabolites (Bagheri-Khoulenjani et al., 2009) , 

that’s why declared as biologically compatible polymer by Food and Drug Administration 

(FDA) for wound dressing (Wedmore et al., 2006). All these properties render chitosan an 

important candidate for a number of biomedical applications like drug delivery (Croisier et al., 

2013). Chitosan can also intermingle with negatively charged cellular parts since it has a 

positive charge. This interaction leads to restructuring and tight junction proteins opening thus 

illuminating the permeation enhancing characteristics of this polysaccharide (dos Santos et al., 

2018, Schipper et al., 1997). 

2.8.2 Synthesis/production of chitosan 

Chitin, a structural component in the exoskeleton of crustaceans (primarily crabs and shrimps), 

fungus cell wall and second most copious natural polysaccharide following cellulose. The 

insolubility of chitosan in aqueous solution, extraction difficulty and chitin structure 

complexity were few major hindrances on this polymer research till 1980 (Cheung et al., 2015). 

Chitin is the raw material for chitosan production. No standard method for purification is there 

as capricious chitin sources require different treatments due to structure diversity. 
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Conventionally, the purification process is divided into demineralization and deproteinization 

followed by decolorization and can be carried out by biological or chemical methods. There is 

a great need that end products should be highly purified if they are meant to be used for 

pharmaceutical or biomedical purposes (Cheung et al., 2015) 

2.8.3. Charge properties of chitosan 

Chitosan is composed of β-(1-4)-linked D-glucosamine and N-acetyl-D-glucosamine arbitrarily 

dispersed within the polymer. The majority of polysaccharides are negatively charged or either 

neutral but chitosan is cationic. This quality of chitosan enables it to form multilayer structures 

or electrostatic complexes with other anionic polymers whether natural or synthetic 

(Venkatesan et al., 2010). At acidic pH, amine group gets protonated and imparts a positive 

charge to chitosan. Since most of the biological cellular membranes are negatively charged 

that’s why chitosan powerfully gets adhered to tissues at wound site through electrostatic 

interaction (Periayah et al., 2016) 

2.8.4. Some glimpses of recent research on drug delivery by using surface-modified 

PLGA NPs with chitosan 

To date, according to our knowledge, there is no reported formulation of GM loaded PLGA 

NPs modified with chitosan. This topic covers the surface modification of PLGA NPs loaded 

with different drugs. 

Tobramycin loaded PLGA NPs were coated with low molecular weight chitosan for treatment 

of Pseudomonas aeruginosa in cystic fibrosis. The nanoparticles were prepared by the solvent 

evaporation method and then coated with different ratios of chitosan. The coated NPs showed 

improved anti-microbial potential and muco-adhesive properties. Further it showed sustained 

release of tobramycin and hence suggesting promising drug delivery (Al-Nemrawi et al., 2018) 

Different studies on anticancer drugs have reported the use of surface-modified PLGA NPs.  

PLGA NPs are well recognized for their biodegradability and biocompatibility. Chitosan was 

used to modify paclitaxel loaded PLGA NPs to overcome the effects of burst release by PLGA. 

The negative zeta potential of PLGA NPs was shifted towards positive. The encapsulation 

efficiency was increased and initial burst release was reduced after modifying with 

chitosan.(Lu et al., 2019). In another study, epirubicin encapsulated PLGA NPs were surface 

modified with chitosan using the physical adsorption method. This formulation was targeted 

by using a DNA aptamer. Surface charge and solubility were enhanced. Further the in vivo 
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experiment also indicated promising results (Taghavi et al., 2017). Similarly chitosan 

modification was also reported for some other drugs like 7-ethyl-10-hydroxycamptothecin 

(Guo et al., 2013). 

In case of anti-diabetic drugs, tolbutamide loaded PLGA NPs were successfully surface 

modified with chitosan. There was significant increase in cellular uptake and showed 

promising hypoglycemic results in vivo (Shi et al., 2018). Similarly, chitosan-coated PLGA 

NPs are also good carriers for the delivery of peptides and proteins. In a study, aimed at oral 

delivery of insulin, chitosan-coated PLGA NPs were used and they exhibited promising 

therapeutic potential (Zhang et al., 2012). 

2.9. Oral delivery of Gentamicin 

The most convenient route for drug administration is oral route as it eradicates the injection 

pain, anxiety of multiple injections and risks of possible infections (Lin et al., 2007). Oral 

delivery of GM is challenging as it is poorly absorbed from GIT.GM has low bioavailability 

following oral route hence its permeability through GIT membranes is very poor due to its 

hydrophilic nature (Ito et al., 2005). 

There are many studies showing the efforts made by scientists to make gentamicin orally 

available to the biosystem for therapeutic benefits. Here is a brief summary of the different 

research works in this regard. 

Gentamicin is a water-soluble and polarized compound with very little intestinal permeability 

and low oral bioavailability. In this study, oral absorption of Gentamicin was evaluated in 

beagle dogs by GM formulations with labrasol. These formulations were filled into hydroxy 

propyl methyl cellulose (HPMC) and wrapped with films of Eudragit S100 and Eudragit L100. 

In vitro release studies could not reveal any significant differences. The reported Cmax values 

were 2.30 μg/ml and 2.38 μg/ml for Eudragit S and Eudragit L, respectively. The study finally 

concluded that there was no significant difference in GM absorption between Eud S and Eud 

L.(Prasad et al., 2003). 

Gentamicin loaded surface-modified nano-emulsifying formulations were optimized and 

administered orally to the albino rats for appraisal of anti-pneumococcal potential against 

Streptococcus pneumonia. Preliminary in vivo screening of formulation showed better bacterial 

inhibition (MIC=2.5 μg/mL) in comparison to the standard. Gentamicin, after distribution to 

the cerebrospinal fluid, from the investigated formulation exhibited pronounced and prolonged 
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potential at 7mg/kg in comparison to the standard drug at the same dose. The study, thus 

showed better efficacy of the drug in the nano-emulsifying formulation (Umeyor et al., 2016) 

In another study, five nonionic micro-emulsions were developed by using nonionic surfactants 

meant for transdermal and oral use. These micro-emulsions were characterized by rheological 

properties and their droplet size. FTIR studies confirmed the incorporation of Gentamicin. By 

using Franz diffusion setup, transdermal drug release was studied in rat skin. One formulation 

was selected for oral studies by using aqueous Gentamicin solution as standard. The micro-

emulsion showed 239.7% relative bioavailability while comparing to oral formulation (Alkrad 

et al., 2018).  

A randomized, controlled and double-blinded study was conducted in 42 high-risk neonates to 

evaluate the prophylactic value of Gentamicin for nectrotizing entero-colitis (NEC), over a 

period of four months. Twenty babies received Gentamicin sulfate after birth, at a dose level 

of 2.5mg/kg after every 6 hours for one week. While 22 babies received water and dextrose as 

placebo. No baby of Gentamicin treated group developed NEC while 4 members of placebo 

developed NEC. Among these 4, two babies died and NEC was confirmed. Thus there was a 

significant difference between Gentamicin treated and placebo group. This study, thus support 

the oral prophylactic use of Gentamicin in babies especially premature babies (Grylack et al., 

1978). 

2.10. Transdermal drug delivery  

Transdermal drug delivery (TDDS) provides an attractive therapeutic alternative to oral drug 

delivery and also hypodermic injection (Guy et al., 2003). People used to place different 

substances on skin for therapeutic purpose and now various topical formulations are available 

in this modern era for treatment of local indications. The first-ever transdermal drug delivery 

system was of scopolamine, to treat motion sickness, was approved in United States in 1979. 

Later, the first blockbuster in transdermal delivery, nicotine patch, levitated the importance of 

transdermal drugs (Prausnitz et al., 2008) 

TDDS has numerous advantages. It is particularly useful when there is a pronounced first-pass 

effect. It also has advantages over hypodermic injections since they are invasive, painful and 

posing the disease transmission risk by reuse of needles. The latter is especially of concern in 

developing countries. TDDS has better patient compliance since they are non-invasive and 

provide drug release over prolong time periods (Prausnitz et al., 2008) 
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2.10.1 Skin structure 

Skin is the largest body organ comprising about 16% of total body mass and surface area 

around 1.7 m2 (Menon, 2002), (Liu et al., 2014b). The prime skin function is to provide a 

defensive barrier between body and micro-organisms, allergens, chemicals, water loss and 

infiltration of ultraviolet radiations (Benson et al., 2012). The skin comprises of three main 

regions: (a) epidermis (the outermost layer) containing stratum corneum; (b) dermis (the 

middle layer) ; (c) hypodermis (the inner most layer) (Gratieri et al., 2013). 

The epidermis is the outer most skin layer and highly variable in thickness. It has multi-layered 

epithelial cell regions. Keratinocytes are the predominant cellular contents of epidermis while 

other cells are Langerhans cells, melanocytes and merkel cells (Suh et al., 2014). Stratum 

corneum works as barrier against invasion of microbes, water transportation and radiations 

(Bouwstra et al., 2002). The dermis is about 2-3mm in thickness consisting of elastin and 

collagenous fibers providing elasticity and mechanical strength to the skin (Liu et al., 2014b). 

The dermis contains blood vessels, macrophages, nerve and lymphatic vessels (Escobar-

Chávez, 2016). The subcutaneous or hypodermic layer consists of fat cells network and is the 

inner most layer serving as contact layer between underlying body tissues and skin. Its prime 

functions are heat insulation, protection against physical trauma and conductance of neural and 

vascular signals (Alkilani et al., 2015, Sherwood et al., 2007). The thickness of epidermis is 

50-100 mm while 1-2mm for the subcutaneous tissue (Prausnitz et al., 2008) 

2.10.2. Transdermal delivery of Gentamicin and other aminoglycosides: A review of work 

till date 

At present, no transdermal nano-formulation of gentamicin is available for veterinary/human 

use for systemic effects. Keeping in mind the above scenario, it is obvious that there is a strong 

need for the development of some suitable formulations of GM meant for systemic drug 

delivery, other than the injectable and other available routes. One of the latest strategies for 

achieving the systemic effects of drugs is the formulation of drug-loaded polymeric 

preparations intended for transdermal use and the formation of transdermal patches for 

achieving adequate systemic concentrations desired for achieving therapeutic benefits. 

Transdermal drug delivery (TDDS) is needed for the systemic delivery of the drug in order to 

bypass the undesirable effects of the drug. The drug is delivered to the skin by applying a patch 

to the skin which can be removed by the patient herself/himself. The target of TDDS is to 
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exploit the flux via the skin to the systemic circulation and concurrently minimizing the 

metabolism and retention of the drug in the skin. TDDS has numerous advantages over 

conventional routes as it bypasses drug degradation via GIT, avoids first-pass effect and hence 

causing minimum side effects and toxicity (Nnamani et al., 2013a). Though topical 

preparations of GM are available as gentamicin sulfate even though it is problematic for patient 

to apply cream/ointment as deliberately and as frequently as prescribed by physician. The 

transdermal patch is applied once and provides a controlled release delivery of drug and hence 

increases the patient compliance as it is needle free drug delivery route and also cost effective 

(Chang et al., 2006). 

Different studies have reported the transdermal delivery of Gentamicin. Since Gentamicin has 

compromised permeability through the dermis that’s why its transdermal delivery was not 

considered feasible. However, by enhancing skin permeability, Gentamicin can be absorbed. 

In a study, thioglycolate based depilatory agents was used to enhance skin permeability. 

Gentamicin was then determined to be present in serum and muscles of experimental 

transgenic mice by using liquid chromatography-tandem mass spectrometry and was found to 

be in equivalent amounts to systemic administration (Shiozuka et al., 2010). Another study 

successfully reported the use of Gentamicin based dissolving micro-needles and thus providing 

a good substitute for the parenteral preparations of Gentamicin (González-Vázquez et al., 

2017). 

PLGA NPs can be employed for the transdermal drug delivery. Currently, PLGA NPs shown 

to be useful for iontophoretic transdermal delivery of different drugs. Since PLGA is 

negatively charged, iontophoresis of positively charged drugs poses a great problem. A 

positively charged hydrophilic drug, Donepezil hydrochloride was loaded in PLGA NPs which 

were then coated with chitosan hydroxypropyltrimonium chloride. Ex-vivo study was 

conducted using Franz-type diffusion setup. Chitosan coated nanoparticles exhibited 2.2 times 

higher concentration than the non-coated PLGA NPs. Further findings of this research 

suggested that hydrophilic and positively charged drugs approach the hair follicle as 

nanoparticle and later they are released from nanoparticles (Takeuchi et al., 2017). 

Transdermal patches of few other aminoglycosides have been successfully prepared and 

evaluated e.g. transdermal patch of kanamycin. Transdermal patch and emulgel of kanamycin 
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were prepared and their comparative efficacy was evaluated (López-Cervantes et al., 

2009).Though the transdermal patch of Gentamicin has also been prepared (Nnamani et al., 

2013a) but GM loaded PLGA NPs based patch has not been prepared yet. That’s why this study 

is aimed for preparation of such transdermal patch.  

For improving the half-life and to avoid the drug degradation by the enzymes, GM can be 

successfully encapsulated into the PLGA NPs (Yan et al., 2013). Though the penetration of 

PLGA NPs through epithelial and mucus membranes is poor because anionic nature of PLGA 

limits its interaction with the negatively charged plasma membranes. That’s why coating with 

positively charged polymer is mandatory to amend this interaction (Jain et al., 2012). N-

Trimethyl chitosan chloride (TMC), prepared by reductive methylation, is a partly quaternized 

derivative of chitosan. Apart from better solubility and cationic nature, TMC has better 

permeation enhancing ability unlike chitosan, in environments of neutral pH (Sheng et al., 

2015). 

2.11. Microbiological assay: A good tool for Gentamicin detection 

Antibiotics action can be established under passable conditions through their inhibitory 

outcome over growth of microbes. Antimicrobial activity reduction can divulge subtle 

modifications that are not noticeable by the chemical methods (Lourenço et al., 2009). 

Moreover, there is no need of specialized equipment and toxic solvents in case of biological 

assays (Pinto et al., 2003). Turbidimetric and agar diffusion assays are widely used methods 

for the antibiotics (Lourenço et al., 2009). 

Microbiological assays for antibiotics demonstrates activity of lysozyme in agar diffusion 

assay by Fleming soon after Heatley devised agar diffusion assay for penicillin (Heatley, 

1944). Perpetually since, potency determination of antibiotics is the prime use of agar diffusion 

assay and growth-promoting substances in body fluids like blood, urine, and in other body 

tissues primarily for pharmacokinetic studies (Hewitt et al., 2003, Klein et al., 2005) 

Different studies have reported the use of microbiological assay for Gentamicin detection. In 

a study Gentamicin concentration was determined by using agar well method and using 

Bacillus pumilus and Staphylococuss epidermidis as test organism. Inhibition zones were read 

by antibiotic zone reader or vernier calliper 

% potency was calculated by following equation by following equation (Kumar et al., 2012) 
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% Potency = Antilog (2.0 + a log I) 

 

A potentiometric method using carbon dioxide sensor has been developed for the 

microbiological assay of different antibiotics. The method relies upon the antibiotic ability to 

inhibit carbon dioxide production by E.coli. For antibiotics, Gentamicin, neomycin and 

streptomycin linear log dose-response curve was obtained in the range of 0.017-3.33, 0.17-

3.33 and 0.33-16.67 μg/ml respectively. This method has also studies the viability of applying 

this method for Gentamicin detection in serum samples (Simpson et al., 1983). 

Microbiological assays are also used for determination of same amount of active 

pharmaceutical ingredients between innovator and generic products as it is obligatory 

requirement of the regulatory agencies. Though physicochemical methods are favored for 

determination of drug concentration in biological fluids however the direct quantification of 

potency cannot be documented. In a study microbiological assay was reported to determine 

concentration and potency of pharmaceutical grade antibiotics. The assay is grounded on 

changes in inhibitory effects due to concentration on reference bacteria i.e. Bacillus subtilis 

and Staphylococus epidermidis. The drug products used were of Gentamicin, amikacin and 

vancomycin. Potency estimates for generic products were 99.7% -100.2% for Gentamicin 

while 99.8-100.5% for amikacin and 98.5-99.9% for vancomycin. This study thus suggested a 

cost effective, accurate and rapid method for estimation of pharmaceutical equivalence and can 

be used as a good tool for testing generic antibiotics preceding their approval for use in human 

(Zuluaga et al., 2009). 

2.12. Pharmacokinetics studies of Gentamicin 

There are several studies reporting the pharmacokinetic profiles in different experimental 

animals. A study was conducted to figure out the nephrotoxic effects and pharmacokinetic 

profile of Gentamicin. The study was conducted on rabbits which were divided into two 

groups. One group received Gentamicin at a dose of 7mg/kg single dose while other group 

received 7mg/kg dose after every12 hours. The results showed the significant accumulation of 

antibiotic in renal cortex. No important modifications in the pharmacokinetic profile were 

observed (Trapote et al., 1989). 

Another study was aimed to study the interactive effects of non-steroidal anti-inflammatory 

drugs (NSAIDs) on the pharmacokinetics of genatmicin. Since Gentamicin is a drug of narrow 
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therapeutic index so any alterations in the concentration of drug or drug accumulation may 

lead to the toxic effects. Gentamicin at a dose of 5mg/kg was administered to the rabbits which 

were already treated with aspirin, ibuprofen, ketorolac tromethamine and piroxicam. These 

NSAIDs had substantial effects on drug maximum concentration, clearance and area under the 

curve. Ketorolac tromethamine and aspirin had pronounced effects on Gentamicin half-life 

while aspirin affected volume of distribution of Gentamicin. These results suggested potential 

interaction (Gandhi et al., 1994). 

Intramuscular Gentamicin is used for the treatment of neonatal infections, for out-patients, 

according to the guidelines of World Health Organization (WHO) in low resource settings. 

Gentamicin is supplied in vials/ampoules as Gentamicin sulphate as aqueous solution. It needs 

a lot of care by the health worker for dose calculation according to body weight and proper 

disposal too. A simple formulation, administration method and packaging could remarkably 

reduce the risk of user errors. This study aimed to develop polymeric micro-needles array for 

Gentamicin delivery via transdermal route. Two US Food and Drug Administration (FDA) 

approved polymers, sodium hyaluronate and polyvinyl pyrrolidone were used. These 

dissolvable micro-needles were tested via Franz diffusion setup and reported to deliver about 

4.45mg of Gentamicin in 6 hours. These were further investigated in vivo. Maximum plasma 

concentration range was 2-5µg/ml. The required time for achieving these concentrations was 

between 1-6 hours. This work thus suggested the use of dissolving micro-needles for delivery 

of Gentamicin to achieve therapeutic benefits (González-Vázquez et al., 2017). The 

pharmacokinetic studies of relevant nano-formulations of Gentamicin in various animal 

models are reviewed in discussion chapter. 
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CHAPTER 3 

MATERIALS AND METHODS 

All the research work was carried out in Institute of Pharmacy, Physiology and Pharmacology, 

University of Agriculture, Faisalabad, Pakistan. 

3.1. Scheme of Study 

The research was conducted in two different phases. 

 Optimization and Characterization of chitosan coated gentamicin encapsulated in 

PLGA nanoparticles for oral use 

 Optimization and Characterization of transdermal patches of gentamicin encapsulated 

in PLGA nanoparticles 

 In vitro release profile of both formulations 

 In vivo pharmacokinetic analysis of both formulations 

 Toxicity studies 

3.2. Standard Drug & Chemicals 

3.2.1. Standard Drug 

We received pure standard drug, gentamicin sulfate, analytical grade from Bosch 

Pharmaceuticals as gift sample for research purpose. 

3.2.2. Chemicals and Solvents 

 Poly lactic co-glycolic acid (PLGA), Resomer ® RG 502 H ,acid terminated, molecular 

weight 7000-17,000 was purchased from Sigma Aldrich 

 Chitosan of Sigma-Aldrich having biological source from white mushrooms with high 

purity grade having chitosan of ˃93& w/w with molecular weight of 140,000-220,000. 

Its CAS number was 9012-76-4. 

 Polyvinyl Alcohol (PVA) 1500 of practical grade having F.W. ((44.05) x), was 

purchased from Duksan Pure Chemicals, Korea. Its CAS number was 9002-89-5. 
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 Polyethylene glycol (PEG) 400 from UNI-CHEM chemical reagents with CAS number 

of 25322-68-3. 

 Hydroxypropyl methyl cellulose (H.P.M.C. E5) purchased from Sigma-Aldrich with 

CAS number 9004-65-3. 

 TWEEN® 80 of analytical grade from Sigma-Aldrich with country of origin Europe 

having average molecular weight of 1310 and density of 1.07g/cm3 at 25 ℃. 

Phase-I  

3.3. Optimization and characterization of oral chitosan coated Gentamicin 

encapsulated PLGA NPs 

A flow diagram of the phase 1 is provided here which shows various steps of the phase 1 study. 

 

 

Figure 3.1 Schematic representation of different steps of phase 1 study 

This phase was consisting of following steps  

 Optimization of microbiological assay for detection of gentamicin which was further 

divided into validation of microbiological assay and generating a standard curve for 
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gentamicin which was used further for determination of various concentrations of drug 

in plasma samples. 

 Synthesis of chitosan coated Gentamicin loaded PLGA NPs 

 Characterization of prepared formulation 

 In vitro release profile 

 In vivo pharmacokinetic parameters of the prepared formulation by using computer 

software “APO” version 3.02 

3.3.1. Step 1 Generation of Standard curve for microbiological assay 

Stock solution and standard dilutions 

Preparation of stock solution 

Gentamicin, 1 mg, was dissolved in 100 ml of phosphate buffer saline (PBS) and dissolved 

completely on vortex mixer. The strength of solution was 0.01mg/ml and was referred as stock 

solution. 

10µg/ ml dilution 

The stock solution was used as such. Its strength was 10µg/ ml. 

8 µg/ ml dilution 

Eight milliliter of stock solution was diluted up to 10 ml with PBS. The strength of this solution 

was 8 µg/ml.  

6 µg/ml dilution 

Six milliliter of stock solution was diluted up to 10 ml with PBS. The strength of this solution 

was 6 µg/ml.  

4 µg/ ml dilution 

Four milliliter of stock solution was diluted up to 10 ml with PBS. The strength of this solution 

was 4 µg/ml.  

2 µg/ ml dilution 



28 
 

Two milliliter of stock solution was diluted up to 10 ml with PBS. The strength of this solution 

was 2 µg/ml.  

 1 µg/ ml dilution 

One milliliter of stock solution was diluted up to 10 ml with PBS. The strength of this solution 

was 1 µg/ml.  

Optimization of Microbiological Assay for gentamicin analysis 

Gentamicin was determined by using microbiological assay adopting disc agar diffusion 

method. The organism used for this purpose was Bacillus subtilis. This organism was obtained 

from Institute of Microbiology, University of Agriculture Faisalabad, Pakistan. 

Microbial Suspension preparation 

The test organism was obtained on nutrient agar for culture preservation. With the help of 

sterilized loop, the organism was transferred to a fresh slant and then incubated for 24 hours at 

37° C. The subsequent growth was washed with sterilized normal saline (3ml) and poured to a 

Roux Flask having 250ml nutrient agar medium .It was incubated for 24 hours. The subsequent 

growth, from the surface of nutrient agar, was washed with 50ml sterilized normal saline and 

stored in refrigerator.  

Media preparation 

A marketable product of nutrient agar was used. For media preparation, 28grams of nutrient 

agar was dissolved in distilled water. The final volume was made up to 1000 ml by using 

distilled water. The pH value of the medium, 7.4 ±0.2, was adjusted by using sodium hydroxide 

(0.1M) and hydrochloric acid solution (1%). The media, thus prepared, was autoclaved for 

15minutes at 121°C at 15 pounds/inch2 pressure. 

Generation of standard curve by microbiological assay 

Bacillus subtilis suspension (0.1ml) was added to 100ml of nutrient agar media. The medium 

was kept for solidification after adding 15ml of nutrient agar into petri dish. Drug dilutions 

(concentration were 1, 2, 4, 6, 8, 10µg/ml) were prepared in phosphate buffer saline PBS 0.1M. 

On paper analytical disc, 0.1ml volume of prepared dilutions was impregnated. Left the discs 
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as such for 5 minutes. After that, discs were placed on petri dishes with forceps. Petri dishes 

were refrigerated for half an hour and incubated then for 18 hours at 37°C. Zones of inhibition 

diameter were measured with scale. Standard curve was generated by plotting drug 

concentrations versus corresponding inhibition zones on Microsoft excel version 

2016.Standard curve was presented as regression line.  

 

Figure 3.2: Standard Curve for Gentamicin log concentrations versus zones of inhibition 

Gentamicin concentration in plasma samples was determined with microbiological assay. 

Figure 3.2 indicated linear relationship of log Gentamicin concentrations (1-10 µg/ml) and 

zones of inhibition with very good correlation coefficient (0.95). The linear line equation (Y = 

7.9149X + 2.0388) was used to calculate the drug concentrations in plasma samples of rabbits 

after oral and transdermal applications. The limit of detection (LOD) of Gentamicin was 0.25 

µg/ml while limit of quantification (LOQ) was 0.34 µg/ml in plasma.  

3.3.2. Step 2 Preparation of Gentamicin loaded PLGA nanoparticles 

Preparation of various solutions 

Preparation of PVA solution (2%) 

Poly vinyl alcohol (2 grams) was weighed accurately. Then 100ml of distilled water was taken 

in beaker. All the weighed amount of PVA was poured into beaker and dissolved in water, at 

room temperature, on a magnetic stirrer by continuous stirring. 

y = 7.9149x + 2.0388
R² = 0.9538
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PLGA preparation in ethyl acetate 

PLGA (100mg) was accurately weighed on analytical weighing balance. Ethyl acetate (2ml) 

was taken in screw tight test tube. The accurately weighed PLGA was added to ethyl acetate 

containing test tube and thoroughly mixed via vortex mixer. This led to uniform mixing of 

PLGA in ethyl acetate. 

Preparation of gentamicin solution in water 

Gentamicin solution was made in distilled water. Gentamicin (100mg) was accurately weighed 

on analytical weighing balance. In screw tight test tube, 5ml of distilled water was taken and 

weighed Gentamicin was added to it. A homogenous solution was made by mixing this on 

vortex mixer. 

Preparation of acetic acid solution (1%) 

Acetic acid solution (1%) was prepared by accurately mixing 1ml of acetic acid, in volumetric 

flask, with adequate amount of distilled water. The final volume was made up to 100ml with 

distilled water. 

Preparation of chitosan solution in 1% acetic acid 

Chitosan (20mg, 18mg, 16mg to prepare 3 formulations of chitosan modified GM loaded 

PLGA NPs) was accurately weighed on analytical weighing balance. In a screw tight test tube, 

10ml of acetic acid solution (1%) was taken and weighed chitosan was dissolved to it with the 

help of vortex mixer. 

Preparation of Gentamicin loaded PLGA NPs coated with chitosan 

PLGA nanoparticles loaded with Gentamicin were prepared by using double emulsion method. 

Gentamicin solution in water and PLGA solution in ethyl acetate were prepared in the same 

concentrations as described above. Both the solutions were mixed together via ultrasound 

sonication on ice bath for 30 seconds. This led to the formation of primary emulsion. 
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Chitosan solution, prepared in 1% acetic acid solution in the concentration and method as 

described above, was added to primary emulsion. Ultrasound sonication was done on ice bath 

for 30 seconds which led to production of double emulsion (w/o/w). 

Poly vinyl alcohol (PVA) solution was prepared as described above. 10ml of this solution was 

taken in a beaker. The double emulsion, which was water in oil in water nature, was added 

drop wise to this PVA solution. The mixing was carried out on magnetic stirrer at room 

temperature for 2 hours. By using rotary vacuum evaporator, residual ethyl acetate was 

removed at 40°C. Centrifugation was carried out for 30minutes at 25,000rpm at 4°C. A pellet 

was achieved while supernatant was separated from it (Sheng et al., 2015) 

3.3.3. Step 3 Characterization of prepared nanoparticles 

Gentamicin loaded PLGA NPs coated with chitosan were characterized for the particle size 

distribution, zeta potential, poly-dispersity index, encapsulation efficiency, X-rays diffraction 

analysis (XRD), Scanning electron microscopy (SEM), Fourier transmission infrared 

spectroscopy (FTIR) and thermo-gravimetric analysis (TGA). Physicho-chemical parameters 

and characteristics of the prepared formulation were also carried out  

Particle size distribution, zeta potential, polydispersity index (PI) 

Particle size distribution, zeta potential and polydispersity index (P.I) of prepared NPs were 

measured by zeta sizer 3000, (Malvern Instruments, Malvern, UK) (Guo et al., 2017). For 

determination of zeta potential, pellet of ultra-centrifuged sample was re-suspended in purified 

deionized water (Malinovskaya et al., 2017). 

Encapsulation efficiency (EE%) 

The encapsulation efficiency of these nanoparticles was determined indirectly by computing 

the free drug concentration in the dispersion medium. Chitosan coated Gentamicin loaded 

PLGA NPs were separated by centrifugation at 25000 rpm at 4°C for 30 minutes. The 

supernatant was separated and microbiological assay was accomplished on it to conclude the 

encapsulation efficiency of these nanoparticles (Guo et al., 2017)  

The encapsulation efficiency (EE%) was calculated using the following equation: 
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EE % =
𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑔𝑒𝑛𝑡𝑎𝑚𝑦𝑐𝑖𝑛 𝑎𝑑𝑑𝑒𝑑 –  𝑓𝑟𝑒𝑒 𝑔𝑒𝑛𝑡𝑎𝑚𝑦𝑐𝑖𝑛 

total amount of Gentamicin
× 100 

X-Rays Diffraction, XRD 

X-ray diffraction studies were performed on lyophilized sample by using D8 ADVANCE 

Bruker.  

Scanning electron microscopy, SEM 

Scanning electron microscopy was performed by using EVO LS 10, ZEISS, Germany by 

placing a drop of formulation on the grid and then it was let dry before performing SEM. 

Thermo-gravimetric analysis, TGA 

Thermo-gravimetric analysis was done on SDT Q600, TA instruments, USA. The process was 

done in alumina crucibles under 100ml/min nitrogen gas flow while the ramp rate was 15℃ 

per min.  

Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR was carried out, after ultra-centrifugation of prepared formulation of NPs, in order to 

assess the presence of chitosan on the surface of PLGA (Taghavi et al., 2017). FTIR provide 

information about the Gentamicin stability in the formulation and the interaction of drug with 

PLGA & chitosan (Gaonkar et al., 2017). 

Physicochemical parameters 

Physical parameters like physical appearance and viscosity of prepared formulation were also 

evaluated.   

3.3.4. Step 4 In vitro release of chitosan coated Gentamicin loaded PLGA 

NPs 

United States Pharmacopoeia (USP) apparatus 2 (Paddle Apparatus) was used for in vitro 

dissolution studies. The dissolution medium comprised of 500ml of phosphate buffer saline 

PBS at pH of 7.4. By thermostatically controlled water bath, temperature was maintained at 37 
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± 1 °C. The egg membrane used in study, was previously soaked in PBS for 24hours before 

conducting the experiment. Oral formulation (10mg) was placed in dialysis membrane having 

5ml PBS which was tied with thermo resistant thread and immersed in PBS. Conditions of 

continuous agitation were provided. After specific intervals, 10ml of PBS was withdrawn and 

substituted with equal PBS volume to preserve the sinking conditions. It was analyzed later 

after filtration by microbiological assay (Kenechukwu et al., 2014). 

3.3.5. Step 5 In vivo pharmacokinetic analysis of chitosan coated Gentamicin 

loaded PLGA NPs  

Animals, their housing and feed 

Healthy rabbits (n=8, body weight between 1-2 kg) were placed in animal room of Institute of 

Pharmacy, Physiology and Pharmacology, University of Agriculture, Faisalabad, Pakistan. 

They were kept in cages with 12 hours day and light cycle under normal conditions of 

temperature and humidity. They were fed on routine water and ad libitum till the experiment 

completion. A formal approval was taken from institutional bioethical committee letter number 

2707. All the in vivo studies were carried out by following all the guidelines of National 

Biosafety Committee 2005 and Punjab Biosafety Rules 2014.  

Experiment protocol for pharmacokinetic studies 

Animals grouping 

All the animals were divided into two groups with n=8 in each group. All the animals were 

administered with single dose (oral formulation and single transdermal patch). Doses were 

adequately adjusted according to the body weight of animals. Body weight of animals are given 

in following table number 3.1. 
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Table 3.1: Body weight in grams of different treatment group animals for in vivo 

pharmacokinetic studies 

Serial number Body weight of animals in grams of different treatments 

Oral Formulation Transdermal Patch 

1 1565 1385 

2 1360 1556 

3 1560 1385 

4 1564 1550 

5 1375 1560 

6 1562 1562 

7 1455 1450 

8 1460 1456 

Mean 1430± 583.8 1459.25± 595.7 

 

After drug administration, blood samples were drawn at different time intervals. The first blood 

sample was collected at 0 hours (before drug administration). The other samples were collected 

at 0.5, 1, 1.5, 2.0, 4.0, 8.0, 12.0 & 24 hours following the drug administration. Blood samples 

were collected in ethylene diamine tetra-acetic acid (EDTA) containing tubes which precludes 

blood clotting. Samples were centrifuged for 10 minutes at 3000 rpm leading to separation of 

plasma. Plasma was collected in eppendorf tubes with the help of pasteur pipette. All Plasma 

samples were stored for further analysis at temperature of -20° C. 

Determination of Gentamicin in plasma samples by using standard curve of 

microbiological assay 

Gentamicin determination in plasma samples was identical to the standard curve preparation 

method. In this method, organism suspension (0.1 ml) was added to the nutrient agar medium 

(100ml). This was poured to petri dishes (15ml to each petri dish) and placed for solidification. 

Discs were infused with plasma samples of different time intervals. After 5 minutes, discs were   
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positioned on the petri dishes with forceps. They were placed for half an hour in refrigerator 

and incubated later for 16 hours at 37°C. 

Zone of inhibition diameter was determined with scale. Disc size was subtracted from 

inhibitory zone size. Drug concentration was determined by using the standard curve equation. 

Pharmacokinetic analysis 

Pharmacokinetic analysis of prepared formulation was carried out by using concentration and 

time profile data of all the animals of various groups. Different pharmacokinetic parameters 

like maximum concentration (Cmax), time to reach maximum concentration (Tmax), area under 

the curve (AUC), half-life (T1/2), drug clearance (Cl) and volume of distribution (Vd) were 

calculated by using pharmacokinetic software “APO” version 3.02. 
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Phase 2 

3.4. Optimization and characterization of transdermal patches of 

Gentamicin encapsulated PLGA NPs 

 

Figure 3.3: Schematic diagram showing the steps of phase 2 

This phase was consisting of following steps 

 The method consisted of optimization of microbiological assay for detection of 

gentamicin and a standard curve was generated for gentamicin which was later used 

for determination of various concentrations of drug in samples. 

 Synthesis of Gentamicin loaded PLGA NPs 

 Characterization of NPs 

 Synthesis of transdermal patches of Gentamicin loaded PLGA NPs 

 Characterization of transdermal patches 

 In vitro release profile 

 In vivo pharmacokinetic parameters of the prepared formulation by using 

microbiological assay  
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3.4.1. Step 1 Generation of Standard curve for microbiological assay 

The method was carried out in a similar way as describes earlier in phase 1. 

3.4.2. Step 2 Preparation of Gentamicin loaded PLGA NPs 

Various solution preparation needed for process 

Preparation of PLGA solution in acetone 

PLGA (100mg) was accurately weighed and then into a screw tight test tube containing 2ml 

acetone. It was adequately shaken on vortex mixer leading to complete dissolution of PLGA. 

Preparation of PVA solution (2%) 

For this purpose, 2 grams of polyvinyl alcohol was taken and added to a volumetric flask 

containing 100 ml distilled water. With the help of magnetic stirrer, PVA was made to dissolve 

completely in distilled water at room temperature. 

Gentamicin solution preparation in water 

Gentamicin (100mg) was accurately weighed and added to screw tight test tube containing 5ml 

of distilled water. It was completely dissolved in water by using vortex mixer. 

Nanoparticles preparation 

Solvent evaporation method was used for the preparation of Gentamicin loaded PLGA NPs. 

Gentamicin solution (in distilled water) and PLGA solution (in acetone) were mixed for 30 

seconds via ultrasound sonication, on ice bath. The resulting solution was then added drop wise 

into 10ml of PVA solution (2%), on a magnetic stirrer, at room temperature, for 2 hours. With 

rotary vacuum evaporator, residual acetone was removed at 40 °C. Centrifugation was carried 

out for 30 minutes at 25,000 rpm. A pellet was achieved and separated from supernatant (Sheng 

et al., 2015). 

3.4.3. Step 3 Characterization of NPs 

Characterization of NPs was carried out in the same way as described in phase 1. 
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3.4.4. Step 4 Preparation of transdermal patch 

 

 

Figure 3.4: Flow chart showing the synthesis of transdermal patch 

Preparation of backing layer of Poly vinyl alcohol (PVA) 

Polyvinyl alcohol (4%) was used for preparation of baking layer. To prepare PVA solution, 

deionized water was taken in conical flask. The temperature of deionized water was maintained 

at 80°C in a water bath. Conical flask was shifted to hot plate magnetic stirrer (at 80°C 

temperature) when the temperature of the distilled water exactly turned out to be 80°C. For 

stirring of PVA, a magnetic stirrer was placed in the conical flask. The precisely weighed 

quantity of PVA was added in small parts to the deionized water in 2 hours period to assure 

the uniform mixing. Conical flask was detached from the magnetic stirrer and allowed to cool 

at room temperature after 2 hours. With the help of pipette, 8ml of the baking solution was 

poured on each petri plate. It was then cooled at room temperature for one day. After drying, 

a transparent and clear baking layer was achieved on petri plate surfaces. 

Preparation of matrix type Transdermal patch 

Fixed quantities of plasticizer and drug while polymer quantity was varied for spreading 

solution. Accurately weighed amount of hydroxyl propyl methyl cellulose (HPMC) was 

added to methanol (20mL) and beaker was covered with aluminum foil to avoid the escape 
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of methanol. Polymer (HPMC) was completely dissolved in methanol by placing at hot plate 

magnetic stirrer for 30 minutes at 32°C for 30 minute at a speed of 250 rpm. Eudragit RS 

100 was added after complete dissolution of HPMC. To ensure uniform mixing, solution 

was mixed for further 30 minutes. Gentamicin loaded PLGA NPs solution was gradually 

added to the first solution and mixed for 15 minutes. Additional quantity of plasticizer was 

added to the drug solution with polymers. It was mixed for 20 minutes and then sonicated 

for 20 minutes. This solution was then slowly poured on the baking layer (present in petri 

plates). A funnel was mounted in inverted position on the petri plate to avoid rapid drying 

of solutions. Petri plates were dried for 48 hours at 35°C in oven. 

After 48 hours, patches were scratched from petri plates with sharp blade. They were covered 

between two layers of aluminum foil and stored in refrigerator for future use. A summary of 

formulation ingredients was given in table no. 3.2. 

 

Table 3.2: Quantities of different formulation ingredients for optimization of transdermal 

patch based on Gentamicin loaded PLGA NPs 

Patch 

name 

GM loaded 

NPs containing 

drug (mg) 

ERS100 

(mg) 

HPMC 

(mg) 

PEG 400 

(40% w/w) 

Methanol 

(ml) 

G-A 20 900 100 400 20 

G-B 20 800 200 400 20 

G-C 20 700 300 400 20 

G-D 20 600 400 400 20 

G-E 20 500 500 400 20 

 

* Here ERS 100 is Eudragit RS 100, HPMC: Hydroxy propyl methyl cellulose, PEG: 

Polyethylene glycol 
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3.4.5. Step 5 Characterization of transdermal patches 

The prepared transdermal patches were evaluated for different characteristics. Their physical 

characteristics and physicochemical parameters were figured out. 

Evaluation of Physical characteristics 

Transdermal patches were characterized for their physical characteristics like color, 

plasticity, homogeneity, lucidity and shine. Each parameter was scored as (-) for negative 

results while (+++) indicated most promising features (Snejdrova et al., 2012). 

Physicochemical parameters of transdermal patch 

Weight variations 

 Three patches from each formulation of transdermal patch were selected for weight variations 

(El-Gendy et al., 2008). The mean weight and standard deviation (SD) was calculated using 

Graph Pad prism version 6.01  

Flatness 

A clear length band of 4 cm was cut off from the middle and every plane of patch. Patch length 

was well known after length deviation and tear off. There will be no constraint if no 

transformations in length take place. Percentage value of flatness was determined by following 

equation (Jadhav et al., 2012). 

 

Flatness =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 –  𝑓𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ

Final length
× 100 

 

Folding strength 

 The test was performed on each type of patch by using 3 patches of each. The folding 

endurance/strength was determined by folding a patch of 2×2 till its breakage. The piece was 

taken from the center of any transdermal patch. By using graph Pad Prism version 6.01 average 

value of folding endurance and standard deviation was determined. 
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 Thickness 

Transdermal patches of each formulation (n=3 for each formulation) were used for this test. 

With vernier caliper, thickness of patches were determined. Thickness was determined from 

patch boundaries and the middle part (Ali et al., 2016). The average thickness was determined 

and standard deviation was determined by using Graph Pad prism version 6.01. 

Percentage weight increase and swelling index 

From the transdermal patch, a film of 1×1cm was taken and dried overnight before test at 40±2 

°C. Films were attached to pre-weighed cover slips and carefully weighed. They were placed 

later in the petri plates and distilled water was poured on them till films were fully covered. 

After 5, 10 and 30 minutes, cover slips were taken out, excess water was removed and again 

weighed (Shabbir et al., 2017).  

Percentage weight increase and swelling index were calculated from following equation 

Swelling index =
Film weight after time "t" –  Initial weight

Initial weight 
 

                         

% weight increase due to swelling =
Film weight after time t–  Initial weight

Initial weight 
× 100 

Erosion studies 

The patches were desiccated overnight at 40±2 °C after cutting a film of 1×1 cm. They were 

then attached to cover slips, accurately weighed, and positioned on petri plates. Distilled water 

was decanted till patches were completely draped in water. The patches were removed from 

petri dishes after 60 minutes, water was completely removed from them and weighed again 

(Pichayakorn et al., 2012). By using following equation, % erosion was calculated 

 

% weight decrease =
Initial weight of patch –  patch weight after time "t

initial weight of patch
× 100 
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3.4.6. In vitro dissolution studies of matrix type Transdermal patches 

For in vitro dissolution studies, USP apparatus V, paddle method was used. Phosphate buffer 

saline (PBS) at pH=7.4 was used as dissolution media. The dissolution studies were performed 

in 500 ml of phosphate buffer saline stirring at 32.0 ±1 °C and 50 rpm. Three milliliter sample 

was withdrawn at time 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12th hour. The sample was filtered 

through filtration assembly and were analyzed by microbiological assay. The amount of the 

Gentamicin released at each time interval was determined with the reference to the standard 

plot for Gentamicin in PBS  and the patches with best release profile was then further used for 

in vivo studies (Shabbir et al., 2017). 

3.4.7. In vivo studies 

Transdermal patches of Gentamicin loaded PLGA nanoparticles were topically applied to the 

rabbits for in vivo pharmacokinetic and toxicity studies. The blood sampling, plasma 

concentration of Gentamicin and PK analysis was conducted as per details given in oral PK 

studies. 

3.5. Data analysis 

3.5.1. Physicochemical tests 

The tests including weight variation, thickness, folding endurance, flatness, drug 

content, swelling index, percentage weight increase due to swelling, percentage erosion and in 

vitro dissolution studies were completed in triplicate. Graphpad prism and MS Excel were used 

to calculate average, standard deviation and standard error for each formulation. 
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3.6. Toxicity studies 

3.6.1. Body weight of animals and administered doses 

Table 3.3: Body weight in grams of control and treatment group animals for safety studies 

 

The body weight of all the animals used in study have been shown in table 3.3. 

3.6.2. Sample collection 

Blood samples were collected from the animals of all groups from the jugular vein of rabbits. 

The first sample was collected at 0 day before drug administration and after 1st, 2nd, 3rd and 4th 

day post drug administration. The control animals were given placebo treatment. Blood 

samples from each animal were collected in vacutainer tubes with EDTA for hematology while 

without EDTA for serum separation. 

At the 5th day animals were scarified and the relevant organs i.e. liver, kidney and skin samples 

were taken and stored in 10% formalin solution for histopathological investigations.  

 

Sr. No Body weight of animals in grams of different treatments 

Control Oral Formulation Transdermal Patch 

1 1360 1565 1385 

2 1302 1360 1556 

3 1420 1560 1385 

4 1381 1564 1550 

5 1464 1375 1560 

6 1460 1562 1562 

Mean ± SEM 1397.8±570.7 1400.8±571.9 1461.3±596.6 
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3.6.3. Serum separation 

After 3-4 hours of sample collection, serum was separated by centrifugation at 4500 rpm for 

15 minutes. Then serum was carefully removed with pasteur pipettes and stored in eppedorfs 

tubes at -20°C. The serum was further used for biochemical analysis. 

3.6.4. Study of hematological parameters 

The hematological parameters i.e. blood cells count including red blood cells count (RBCs), 

white blood cells count (WBCs), platelets count, and determination of hemoglobin. 

Erythrocyte indices including mean cell hemoglobin (MCH), mean cell hemoglobin 

concentration (MCHC) and mean cell volume (MCV) were determined from the freshly 

collected blood samples at each day of the study. The hematological parameters were 

determined by using CBC hematology analyzer Medonic Germany. 

3.6.4. Serum biochemical investigations 

Two types of serum biochemical parameters were determined i.e. Liver function test and 

kidney function test 

(a) Liver function tests (LFTs) 

To assess the hepatotoxicity in experimental rabbits, liver function tests (LFTs) including 

alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were performed by kit 

method 

Determination of alanine aminotransferase (ALT) 

For this purpose commercially available kit from Quimica Clinica Aplicada S.A. were used, 

which are used for in vitro determination of glutamic pyruvate transaminase GPT/ALT in 

serum or plasma. The method used was proposed by International Federation of Clinical 

Chemistry (IFCC). 

Principle 

The reaction between L-alanine and 𝛼-ketoglutaric acid is catalyzed by the glutamic pyruvate 

transaminase/alanine amino transferase. The pyruvic acid is reduced by NADH with assistance 
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of LDH (auxiliary enzyme).The absorbance change is caused by the change of NADH to 

NAD+. In optimized conditions, ΔAbs/min is directly related to GPT/ALT concentration in 

sample. 

Reaction equation 

 

 

 

 

Diagnostic use 

Increased values of GPT/ALT is indicator of hepatic necrosis, obstructive jaundice and 

cirrhosis. Raised values of ALT/GPT is more specific to the liver damage rather the ratio of 

GOT/GPT. Single test value can’t be used for the final diagnosis. 

Working Reagents preparation 

Reagents A (enzyme solution) and B (liquid substrate) are ready to use. Monoreagent method 

was used. For this method both the reagents were mixed in the following ratio: 4 parts of A 

(enzyme solution) and 1 part of B. 

 

 

 

 

 

 

 

GPT/ALT L-Glutamic acid + Pyruvic 

acid 
𝛼- Ketoglutaric acid + L-Alanine 

Pyruvic acid + NADH + H+ 

LDH 
L-Lactic acid + NAD+ 
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Working reagent composition 

The concentration in the reagent solution are as follows 

Table 3.4: Composition of working reagent for determination of alanine aminotransferase 

Reagent name Concentration 

Tris-Hcl buffer pH 7.8 90mM 

L-Alanine  500mM 

𝛼-Ketoglutaric acid 17mM 

NADH 0.18mM 

LDH ≥800U/L 

 

Procedure 

The working reagent and substrate were brought to the temperature of 30°C.Then 1ml of the 

working reagent was added to 0.2ml of the serum sample, mixed and read absorbance after 1 

minute at 334nm wavelength. Absorbance was taken again after 1, 2 and 3 minutes. Using the 

following formula, factor was determined to calculate U/L. 

∆𝐴𝑏𝑠/𝑚𝑖𝑛 ×
𝑉𝑡 × 106

ε × l × Vs
= U/L 

Vt= Total reaction volume 

Vs=Sample volume 

L=Cuvette light path 

ε =Extinction coefficient of NADPH 
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Determination of AST by IFCC method  

Principle 

The glutamic-oxalacetic transaminase (GOT) catalyzes the reaction between L-Aspartic acid 

and α-Ketoglutaric acid. The formed oxalic acid is reduced by auxiliary enzyme MDH and 

NADH. Change is absorbance is produced to the conversion of NADH to NAD+. 

Concentration of GOT present in sample is directly proportional to the ∆ Abs/min. 

Diagnostic use 

Increase in GOT activity is usually observed in liver damage, damage or necrosis of 

hepatocytes, hepatitis and cholestatic icteria. In case of heart muscle disease, increase levels of 

GOT are also observed. The increase of GOT activity is greater than GPT in case of myocardial 

infarction and alcoholic hepatitis. 

Preparation of working reagent 

Monoreagent method was used. For this purpose “A” (enzyme solution) and “B” (Liquid 

substrate) reagents were mixed in ratio of 4 parts of A to 1 parts of B. 

Composition of working reagent  

Table 3.5: Composition of working reagent for determination of aspartate aminotransferase  

Chemicals Quantity/concentration 

Tris-HCL buffer pH 7.8 80mM 

L-Aspartic acid 240mM 

α-Ketoglutaric acid 12mM 

NADH 0.18mM 

MDH ≥600U/L 

LDH ≥800U/L 
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Storage and stability 

The components of monoreagent are stable at 2-8 °C for four weeks and for one week at room 

temperature (≤ 25 °C). 

Procedure  

The method proposed by International Federation of Clinical Chemistry (IFCC) was used.The 

reagents were brought to the 25/30 °C .Working reagent 1mL was taken in 96 well plate and 

0.2mL of serum sample was added to it. It was properly mixed and absorbance was taken at 

334nm by using Multiskan after 1, 2 and 3 minutes. Then mean absorbance was determined. 

Following formula was used for factor determination and then to calculate the U/L. 

∆𝐴𝑏𝑠/𝑚𝑖𝑛 ×
𝑉𝑡 × 106

ε × l × Vs
= U/L 

 

Vt=Total reaction volume 

Vs=Sample volume 

L=Curve light path 

ε =Extinction coefficient of NADH 

Determination of Creatinine 

The method used for this purpose was Modified JAFFE method. 

Principle 

Creatinine forms a purple colored compound (alkaline creatinine picrate) in alkaline medium 

which is photometrically determined. Under optimal conditions of assay, color produced is 

directly proportional to the amount of creatinine present in the sample. 
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Diagnostic use 

In various pathological conditions, creatinine concentration is increased e.g. in renal failure 

(acute or chronic), acromegaly, hyperthyroidism and gigantism. Creatinine concentration in 

urine is increased in diabetes mellitus, infection and exercise. Serum creatinine is reduced in 

pregnancy and reduced muscle mass while urine concentration of creatinine reduces in case of 

myopathy, renal failure, hypothyroidism and anemia. 

Working reagent composition  

Equal parts of both solutions “A” (picric acid solution) and “B” (alkaline solution) were mixed. 

The composition included picric acid, sodium carbonate and sodium hydroxide. While 

standard aqueous solution equivalent to 2mg/dL was ready to use. 

Storage  

Working reagent could be stored for 15 days at room temperature (˂ 25°C). 

Procedure 

Reagents were brought to the prescribed temperature and samples, blank and standard were 

run according to the following protocols. First of all 1mL of working reagent was added in a 

well of 96 well plate for running blank, while 0.10mL serum and 1mL working reagent for 

serum and 0.10mL of standard and 1mL of the working reagent for the standard were added. 

Absorbance was read at 20 and 80 seconds at 546nm.Change in absorbance was determined 

for sample and standard. 

   Δ Abs= Abs80 sec-Abs 20 sec 

Δ Abs.SA

Δ Abs.ST 
× 2= mg creatinine/dL 
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Determination of Urea 

Principle 

Urea is catalyzed to ammonium and carbonate ions in the presence of enzyme urease. 

Ammonium ions then react with α-ketoglutarate by glutamate dehydrogenase and NADH is 

oxidized to NAD+. 

Diagnostic use 

Elevated levels of urea reflect alterations in kidney function. This alteration may be due to poor 

liver function, cardiac failure or even diet. 

Working reagent composition 

Monoreagent method was used. For this purpose reagent were mixed in ratio of 3 parts of 

buffer solution (“A”) and 1 part of reagent B (enzyme solution). The composition of working 

reagent was as described in following table 

Table 3.6: Composition of working reagent for determination of urea 

Chemical Concentration 

Tris-HCL buffer pH 7.6 100mM 

Sodium α-ketoglutarate 9mM 

ADP 0.7mM 

NADH 0.18mM 

Urease ≥7 U/L 

GLDH ≥2 U/L 

While the standard aqueous solution of urea was equivalent to 40 mg/dL 
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Procedure 

While running the standard, add 1mL of working reagent was added to 0.01mL of standard. 

Similarly for sample, 1mL of working reagent was added to 0.01mL of the sample. Mixed 

them and absorbance was read at 340nm at 30 sec and 60 seconds time interval. Then by using 

following equation, serum concentration of urea was calculated. 

    Δ Abs= Abs1-Abs 2 

Δ Abs.SA

Δ Abs.ST 
× 40 = mg creatinine/dL 

Where 

Δ Abs SA= Absorbance increase of sample 

 Δ Abs ST= Absorbance increase of standard 

Blood urea nitrogen (BUN) was calculated by following equation 

BUN= mg/dL of urea ×0.467= mg/dL BUN 

Histopathological studies 

All the animals were sacrificed at the termination of experiment. The organs such as liver, 

kidney and skin samples were taken and placed in 10% formalin for histopathological 

investigations 
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CHAPTER 4 

RESULTS 

4.1. Size distribution and polydispersity index 

(a) Chitosan modified GM loaded PLGA NPs 

 

 

Figure 4.1 Graph representing size distribution of chitosan modified Gentamicin loaded poly 

lactic co-glycolic acid nanoparticles for oral use 

The figure 4.1 shows the % intensity versus size of the nanoparticles. Two peaks are evident 

from the figure, 1st peak has maximum intensity while second peak has negligible intensity 
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Table 4.1: Size distribution and polydispersity index of chitosan modified poly lactic co-

glycolic acid nanoparticles for oral use 

  Size (d. nm) Area (%) Standard 

deviation (d.nm) 

Zeta average 

(d.nm) 

236.5 Peak 1 : 223 90.9 88.31 

Polydispersity 

index (PdI) 

0.422 Peak 2: 4993 9.1 613.5 

Intercept 0.786 Peak 2: 0.000 0.0 0.00 

 

Hydrodynamic size of chitosan modified GM loaded PLGA NPs have been shown in above 

table 4.1. Average size of nanoparticles is 236.5nm although two peaks can be seen in figure 

4.1. First peak showed size of 223nm and 90.9% intensity and 2nd peak showed hydrodynamic 

size of 4993nm and 9.1% intensity. The standard deviation for both peaks are 88.31 and 613.5 

respectively as shown in table 4.1. 

Polydispersity index value for chitosan modified GM loaded PLGA NPs is 0.422 as shown in 

table 4.1. Intercept value is 0.786. 
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(b) GM loaded PLGA NPs meant for loading in transdermal patch 

 

Figure 4.1 Graph representing size distribution of Gentamicin loaded polylactic co-glycolic 

acid nanoparticles for transdermal patch 

 

Table 4.2: Size distribution and polydispersity index of Gentamicin loaded poly lactic co-

glycolic acid nanoparticles for transdermal patch 

  Size (d. nm) Area (%) Standard 

deviation (d.nm) 

Zeta average 

(d.nm) 

219.2 Peak 1 : 226.9 100 91.56 

Polydispersity 

index (Pdi) 

0.279 Peak 2: 0.00 0.00 0.00 

Intercept 0.940 Peak 2: 0.00 0.00 0.00 

 

The average zeta size of the nanoparticles meant for transdermal patch is 219.2nm. There is 

only one characteristic peak with 100% intensity with size of 226.9nm and standard deviation 

of 91.56 as shown in figure 4.2.The polydispersity index value is 0.279 and intercept value is 

0.940 as shown in table 4.2. 
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4.2. Zeta Potential 

Zeta potential of plain poly lactic co-glycolic acid nanoparticles 

 

 

Figure 4.3 Graphical representation of Zeta potential of plain poly lactic co-glycolic acid 

nanoparticles 

 

Table 4.3: Zeta potential values of plain poly lactic co-glycolic acid nanoparticles 

  Mean (mV) Area (%) Standard 

deviation (mV) 

Zeta potential 

(mV) 

-36.7 Peak 1 :-36.7 100 4.83 

Zeta deviation 

(mV) 

4.83 Peak 2: 0.00 0.00 0.00 

Conductivity 

(mS/cm) 

0.0518 Peak 2: 0.00 0.00 0.00 

 

Zeta potential value of plain PLGA NPs, as evident from figure 4.3 is -36.7(mV). There is a 

single characteristic peak with 100% area and standard deviation of 4.83. Zeta deviation is 

4.83(mV) while conductivity of 0.0518 (mS/cm) as shown in table 4.3. 
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Zeta potential of Gentamicin loaded nanoparticles before coating with chitosan 

 

 

 

 Figure 4.4 Graph representing zeta potential distribution of gentamicin loaded poly lactic co-

glycolic acid nanoparticles before coating with chitosan 

 

Table 4.4:  Zeta potential results of Gentamicin loaded poly lactic co-glycolic acid 

nanoparticles before coating with chitosan 

  Mean (mV) Area (%) Standard 

deviation (mV) 

Zeta potential 

(mV) 

-11.5 Peak 1 :-11.5 100 4.51 

Zeta deviation 

(mV) 

4.51 Peak 2: 0.00 0.00 0.00 

Conductivity 

(mS/cm) 

0.0453 Peak 2: 0.00 0.00 0.00 

 

Zeta potential of GM loaded PLGA NPs results have been shown in above figure 4.4. After 

drug loading, zeta potential values are shifted to -11.5 (mV) with a single significant peak of 

100% area and standard deviation of 4.51 (mV).Zeta deviation is 4.51(mV) with conductivity 

of 0.0453 (mS/cm) as shown in table 4.4. 
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Zeta potential of Gentamicin loaded NPs after coating with chitosan 

 

Figure 4.5 Graph showing the zeta potential distribution of Gentamicin loaded poly lactic co-

glycolic acid nanoparticles after coating with chitosan 

 

Table 4.5: Zeta potential distribution of Gentamicin loaded poly lactic co-glycolic acid 

nanoparticles after coating with chitosan 

  Mean (mV) Area (%) Standard 

deviation (mV) 

Zeta potential 

(mV) 

9.01 Peak 1 : 9.01 100 3.96 

Zeta deviation 

(mV) 

3.96 Peak 2: 0.00 0.00 0.00 

Conductivity 

(mS/cm) 

0.619 Peak 2: 0.00 0.00 0.00 

 

Zeta potential value is 9.01(mV) of GM loaded PLGA NPs after coating with chitosan. A single 

characteristic peak with 100% area and standard deviation of 3.96 is evident from figure 4.5. 

Zeta deviation value is 3.96 (mV) and conductivity of 0.619 (mS/cm) as shown in table 4.5. 
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4.3. Encapsulation efficiency 

EE % =
𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑔𝑒𝑛𝑡𝑎𝑚𝑖𝑐𝑖𝑛 𝑎𝑑𝑑𝑒𝑑 –  𝑓𝑟𝑒𝑒 𝑔𝑒𝑛𝑡𝑎𝑚𝑖𝑐𝑖𝑛 

total amount of gentamicin
× 100 

                

EE % =
100 – 7.5

100
× 100 

                                                                      =92.5% of oral formulation 

 

EE % =
100 –  10 

100
× 100 

      =90% of transdermal patch 
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4.4 Morphological studies 

4.4.1. Scanning electron microscopy (SEM) of oral formulation 

(a) SEM images when nano based formulation was in form of thin film 

 

Figure 4.6 Scanning electron microscopy images of chitosan modified gentamicin loaded poly 

lactic co-glycolic acid nanoparticles for oral use (in dried film form) 

The formulation was in the form of dried thin film, which was achieved after lyophilization of 

the formulation. Images have been captured at different magnification. SEM images reveal that 

the polymeric thin film is quite porous and hollow in nature with clearly visible pits in the 

image as shown in figure 4.6. The nanoparticles were processed after freeze drying or 

lyophilization of the nanoparticle solution. The final product was a thin film. 
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(b) SEM images when nano based formulation was in liquid form 

 

Figure 4.7 Scanning electron microscopy of chitosan modified Gentamicin loaded poly lactic 

co-glycolic acid nanoparticles for oral use 

The finished product was in liquid form. Images have been captured at different 

magnifications. SEM images reveal the spherical surfaced nanoparticles as shown in figure 

4.7. The surface of these nanoparticles is not very smooth. The nanoparticle solution’s droplet 

was placed on the grid and dried, then SEM was performed. 
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4.4.2 Scanning electron microscopy (SEM) of NPs of Transdermal Patch 

(a) Scanning electron microscopy of Gentamicin loaded poly lactic co-glycolic acid 

nanoparticles in thin film form 

 

Figure 4.8 Scanning electron microscopy imaging of Gentamicin loaded poly lactic co-glycolic 

acid nanoparticles in the form of thin film after lyophilization of the nanoparticles formulations 

 Imaging have been done at different resolutions. SEM imaging, when done in the form of thin 

film, clearly showed the highly porous structure of the nanoparticles as shown in figure 4.8. 
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(b) SEM images of Gentamicin loaded poly lactic co-glycolic acid nanoparticles in 

liquid form 

 

Figure 4.9 Scanning electron microscopy of Gentamicin loaded poly lactic co-glycolic acid 

nanoparticles in liquid form.  

Imaging have been done on different resolutions. SEM imaging clearly shows the spherical 

structure of the nanoparticles as shown in figure 4.9. The surface of the nanoparticles is 

relatively smooth as compared to the surface of NPs modified by chitosan. 
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4.5. Thermal stability studies 

a)Thermogravimetric analysis of oral formulation 

 

Figure 4.10 Thermo-gravimetric analyzer thermograms of chitosan modified Gentamicin 

loaded poly lactic co-glycolic acid nanoparticles for oral use 

Thermo-gravimetric curve, temperature versus % weight of chitosan modified GM loaded 

PLGA NPs have been shown in figure 4.10. Pure samples of PLGA, Gentamicin sulphate and 

chitosan have also been shown in figure 4.10 in comparison to the oral formulation. The overall 

thermal degradation behavior have been shown here. 
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Table 4.6: Parameters derived from thermo-gravimetric analysis curve of chitosan modified 

Gentamicin oral formulation 

Name of 

polymer/chemical/ 

Drug 

Onset 

Temperature 

(Tonset) OC 

Maximum 

degradation 

temperature 

window (OC) 

Endset temperature 

(Tend set) 
OC 

Weight loss 

(%) 

PLGA 224.5 251.8-390.62 461 8.83 

Gentamicin 

T1= 44.8 

T2= 218.4 

238.6-349.4 443.7 8.79 

Chitosan 

T1= 20.7 

T2= 265.5 

39.55-433.95 475.9 7.94 

Oral formulation 

T1= 24.9 

T2= 214.8 

98.8-448.9 48.47 8.57 

 

Various important parameters derived from the thermo-gravimetric curve have been tabulated 

above showing the onset temperature, maximum degradation temperature window and % 

weight loss of the polymers/drug and final formulation (table 4.6). Regarding PLGA, the onset 

degradation temperature was 224.5OC, maximum degradation window is 251.8-312.8OC and 

end set temperature is 461OC .GM has onset temperature of 44.8 & 218.4OC, max degradation 

temperature window is 238.6-349.4OC and end set temperature is 443.7OC. In case of chitosan, 

onset temperatures are 20.7 & 265.5OC, max degradation temperature window is 39.55-

433.95OC and end set temperature is 475.9OC. The oral formulation exhibited onset 

temperatures of 24.9 & 214.8OC, max degradation temperature window from 98.8-448.9OC 

and end set temperature was 48.47OC. The % weight loss in terms of moisture loss is 8.83%, 

8.79%, 7.94% and 8.57% respectively for PLGA, Gentamicin, chitosan and oral formulation. 
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b) Thermogravimetric analysis of transdermal patch 

 

Figure 4.11 Thermo-gravimetric analysis curve of transdermal patch containing Gentamicin 

loaded poly lactic co-glycolic acid nanoparticles 

 

Thermo-gravimetric curve, temperature versus % weight, of transdermal patch have been 

shown in figure 4.11. Pure samples of PLGA, Gentamicin sulphate have also been shown in 

figure 4.11 along with the finished transdermal patch. The overall thermal degradation 

behavior have been shown here. 
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Table 4.7: Parameters derived from thermogravimetric analysis curve of transdermal patch 

Name of 

polymer/chemical/ 

Drug 

Onset 

Temperature 

(Tonset) 
OC 

Maximum degradation 

temperature window 

(OC) 

Endset 

temperature 

(Tendset) 
OC 

Weight loss 

(%) 

PLGA 224.5 251.8-312.8 461(or may be 

390.28) 

8.57 

Gentamicin T1= 44.8 

T2= 218.4 

238.6-349.4 443.7 8.31 

Transdermal Patch T1= 29.16 

T2= 231.52 

250.5-466.8 482.7 11.69 

 

Various important parameters have been derived from the TGA curve regarding transdermal 

patch and tabulated in table 4.7. Regarding PLGA, onset temperature is 224.5OC, maximum 

degradation temperature window was 251.8-312.8OC and end set temperature was 461OC. For 

Gentamicin, onset temperature is 44.8 & 218.4OC while max degradation temperature window 

was 238.6-349.4OC and end set temperature was 443.7OC. In case of transdermal patch the 

onset temperatures were 29.16OC & 231.52OC, maximum degradation temperature window 

were 250.5-466.8OC and end set temperature was 482.7OC. The % weight loss in terms of 

moisture loss % was 8.57%, 8.31% and 11.69 % for PLGA, GM and transdermal patch 

respectively. 
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4.6. X-ray diffraction (XRD) analysis 

 

Figure 4.12 X-rays diffraction studies of chitosan modified Gentamicin loaded poly lactic co-

glycolic acid nanoparticles based oral formulation 

 

The results of X-rays diffractions (XRD) studies have been shown in figure 4.12. They clearly 

indicate that there was no characteristic/sharp peak. XRD sharp peaks are related to the 

crystalline structure of the compound. The results thus showed that the drug and the polymers 

were amorphous in nature. 
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4.7. FTIR analysis of formulations 

4.7.1. FTIR of chitosan modified GM loaded PLGA NPs 

 

 

             Figure 4.13 Fourier transmission infrared spectroscopy of Gentamicin sulphate 

   

Gentamicin sulphate’s FTIR spectrum had been shown in figure 4.13. Values of 

wavenumber cm-1 had been plotted versus transmittance. There were various 

characteristic absorption bands e.g. at 879.38 cm-1, 975.80 cm-1, 1045.23 cm-1, 1290.14 

cm-1, 1529.27 cm-1, 1619.21 cm-1, 1459.85 cm-1 and 2350.80 cm-1  as evident from 

figure 4.13. 
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Figure 4.14 Fourier transmission infrared spectroscopy of pure poly lactic co-glycolic acid 

 

Fourier transmission infrared spectroscopy of pure PLGA had been shown in figure 4.14. 

Values of wavenumber cm-1 had been plotted versus transmittance. There were various 

characteristic absorption bands e.g. at 1089.58 cm-1, 1168.65 cm-1, 1326.79 cm-1, 1454.06 cm-

1, 1752.98 cm-1, 2894 cm-1, 3068 cm-1 and 3525 cm-1  as evident from figure 4.14. 

 

 

Figure 4.15 Fourier transmission infrared spectroscopy of chitosan 
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Fourier transmission infrared spectroscopy of chitosan had been shown in figure 4.15. Values 

of wavenumber cm-1 had been plotted versus transmittance. There were various characteristic 

absorption bands e.g. at 894.80 cm-1, 1026 cm-1, 1066 cm-1, 1153.22 cm-1, 1326.7 cm-1,1377 

cm-1, 1591 cm-1 ,1644.98 cm-1 , 2875 cm-1 , 2921 cm-1 and  3419.2 cm-1 as evident from figure 

4.15. 

 

 

Figure 4.16 Fourier transmission infrared spectroscopy of oral formulation of chitosan 

modified Gentamicin loaded poly lactic co-glycolic acid nanoparticles 

 

Fourier transmission infrared spectroscopy of oral formulation of chitosan modified 

Gentamicin loaded PLGA NPs had been shown in figure 4.16. Values of wavenumber cm-1 

had been plotted versus transmittance. There were various characteristic absorption bands e.g. 

at 1026 cm-1, 1088 cm-1, 1296 cm-1, 1378.85 cm-1, 1537 cm-1, 1716.34 cm-1, 2362.37 cm-1, 

2861.85 cm-1, 2940.91 cm-1 and 3330.46 cm-1  as evident from figure 4.16. 
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Figure 4.17:  Fourier transmission infrared spectroscopy of oral formulation versus individual 

polymers and drug 

Fourier transmission infrared spectroscopy of oral formulation versus polymers and 

Gentamicin had been shown in figure 4.17. Values of wavenumber cm-1 had been plotted 

versus transmittance. The figure clearly showed that there is no interaction between the 

polymers and also between the polymers and drug in the final end product. It is further shown 

that drug had been successfully loaded into the product. 
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4.7.2. FTIR of transdermal patch 

 

Figure 4.18: Fourier transmission infrared spectroscopy of Eudragit 

Fourier transmission infrared spectroscopy of eudragit had been shown in figure 4.18. Values 

of wave number cm-1 had been plotted versus transmittance. There were various characteristic 

absorption bands e.g. at 756 cm-1, 839 cm-1, 966 cm-1, 1159 cm-1, 1710.55 cm-1, 2798 cm-1, 

3031.55 cm-1 and 3735 cm-1 as evident from figure 4.18. 
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            Figure 4.19 Fourier transmission infrared spectroscopy of polyethylene glycol 

 

Fourier transmission infrared spectroscopy of polyethylene glycol (PEG) had been shown in 

figure 4.19. Values of wavenumber cm-1 had been plotted versus transmittance. There were 

various characteristic absorption bands e.g. at 1097 cm-1, 1248 cm-1, 1348 cm-1, 1456 cm-1, 

2869.56 cm-1 and 3469.31 cm-1 as evident from figure 4.19. 
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Figure 4.20 Fourier transmission infrared spectroscopy of hydroxy-propyl methyl cellulose 

(HPMC) 

 

Fourier transmission infrared spectroscopy of HPMC had been shown in figure 4.20. Values 

of wavenumber cm-1 had been plotted versus transmittance. There were various characteristic 

absorption bands e.g. at 1056 cm-1, 1095 cm-1, 1375 cm-1, 2902 cm-1 and 3469 cm-1 as evident 

from figure 4.20. 
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Figure 4.21 Fourier transmission infrared spectroscopy of transdermal patch 

 

Fourier transmission infrared spectroscopy of transdermal patch final formulation had been 

shown in figure 4.21. Values of wavenumber cm-1 had been plotted versus transmittance. There 

were various characteristic absorption bands e.g. at 843 cm-1, 949 cm-1, 1093 cm-1, 1248 cm-1, 

1352 cm-1, 1450 cm-1, 1543 cm-1 , 1639 cm-1 , 1730 cm-1 , 2389 cm-1 , 2873 cm-1 , 2915 cm-1 

and 3396 cm-1 as evident from figure 4.21. 
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Figure 4.22: Fourier transmission infrared spectroscopy of transdermal patch versus individual 

polymers and drug 

 

Fourier transmission infrared spectroscopy of transdermal formulation versus individual 

polymers had been shown in figure 4.22. Values of wavenumber cm-1 had been plotted versus 

transmittance. The figure clearly showed that there is no interaction between the polymers and 

also between the polymers and drug in the final end product. It is further shown that drug had 

been successfully loaded into the product. 
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PHASE II 

4.8. Characterization of transdermal patches 

Physical characteristics of transdermal patches 

Table 4.8: Physical characteristics of various formulations of transdermal patches 

Patch 

code 

Color Clarity Shine Elasticity softness Homogeneity 

G-A Slightly 

unclear 

++ ++ ++ +++ +++ 

G-B Colorless + ++ + ++ ++ 

G-C Slightly 

unclear 

+++ ++ ++ +++ +++ 

G-D Slightly 

opaque 

+ +++ +++ +++ + 

G-E Colorless +++ ++ ++ + ++ 

* (+++) symbolize the marked features while ++ and + shows the intensity in descending order 

4.8.1 Physicochemical characteristics of transdermal patches 

1-Weight Variations of transdermal patches 

The results of weight variation testing of transdermal patches are given in table no 4.9. 

Different formulations (n=3 for each formulation) showed weight variations from 1.624g ± 

0.025 to 1.680g ± 0.026 .The maximum weight variations were shown by G-3 while G-2 

showed least weight variations. 
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Table 4.9: Weight variations test of transdermal patches 

Patch code Weight ± S.D. (g) 

G-A 1.656±0.030 

G-B 1.624±0.025 

G-C 1.680±0.026 

G-D 1.644±0.027 

G-E 1.662±0.028 

 

2-Thickness of transdermal patches 

Table 4.10: Thickness studies of transdermal patches of Gentamicin 

Patch code Thickness ± S.D. (cm) 

G-A 0.4634 ± 0.003 

G-B 0.4548 ± 0.008 

G-C 0.4822 ± 0.049 

G-D 0.4572 ± 0.002 

G-E 0.459± 0.002 

    

Results of thickness studies of transdermal patch have been shown in table 4.10. The values 

were expressed in terms of thickness (cm) ± SD with n=3 for each formulation. The values 

were within the range of 0.4548± 0.008 for G-B to 0.4822 ± 0.049 for G-C as shown in table 

4.10. 
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3-Folding Endurance 

Table 4.11: Folding endurance of transdermal patches of Gentamicin 

Patch code Folding endurance 

(folding numbers) ± SD 

G-A 124 ± 4.69 

G-B 120 ± 3.46 

G-C 116 ± 2.65 

G-D 91 ± 1.58 

G-E 82 ± 2.74 

 

Results of folding endurance studies of transdermal patch have been shown in table 4.11. The 

values were expressed in terms of number of folding times ± SD with n=3 for each formulation. 

The values were within the range of 124 ± 4.69 for G-A to 82 ± 2.74 for G-E as shown in table 

4.11. 
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4-Flatness results of transdermal preparations of Gentamicin 

Table 4.12: Flatness exhibited by various formulations of transdermal patches of Gentamicin 

Patch code Flatness ± S.D. (%) 

G-A 99.32±0.54 

G-B 99.34±0.36 

G-C 99.60±0.89 

G-D 96.14±1.43 

G-E 97.40±1.52 

 

Results of flatness studies of transdermal patch have been shown in table 4.12. The values were 

expressed in terms of flatness (%) ± SD with n=3 for each formulation. The values were within 

the range of 96.14±1.43 for G-D to 99.60±0.89 for G-C as shown in table 4.12. 

5-Percentage weight increase due to swelling and relative percentage swelling index 

Table 4.13: Percentage weight increase due to swelling and relative percent swelling index 

Patch code Swelling index 
 

Percentage weight increase due to swelling 

(%) 

G-A 0.357±0.031 35.67±3.06 

G-B 0.403±0.005 40.33±0.58 

G-C 0.577±0.015 57.67±1.53 

G-D 0.817±0.104 81.67±10.41 

G-E 0.910±0.026 91±2.65 

  

Results of swelling index studies of transdermal patch have been shown in table 4.13. The 

values were expressed in terms of swelling index ± SD and % weight increase due to swelling 

with n=3 for each formulation. Swelling index was minimum for G-A with 0.357 ± 0.031 and 
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maximum for G-E with value of 0.910 ± 0.026. The % increase in weight was maximum for 

G-E with 91 ± 2.65 % while minimum for G-A with value of 35.67 ± 3.06 %. 

6-Percentage Erosion of Transdermal patches 

Table 4.14: Percentage erosion of various transdermal patches of Gentamicin 

Patch code Percentage Erosion 

(%) 

G-A 33.10±0.45 

G-B 42.50±0.86 

G-C 59.9±0.47 

G-D 81.2±0.33 

G-E Completely eroded 

 

Results of erosion studies of transdermal patch have been shown in table 4.14. The values were 

expressed in terms of % erosion ± SD with n=3 for each formulation. Erosion was minimum 

for G-A with 33.10±0.45 and maximum for G-E which completely eroded as shown in table 

4.14. 
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4.9. In Vitro dissolution studies 

4.9.1 Oral formulation 

% release of Gentamicin sulphate at pH=1.2 

 

 

Figure 4.23 Percentage release of encapsulated Gentamicin sulphate versus time profile (hours) 

from oral formulation at pH=1.2 

The percentage release profile of 3 different formulations of chitosan coated Gentamicin 

loaded PLGA NPs, meant for oral administration at pH=1.2 has been shown in figure 4.23. 

Drug release percentage versus time profile (hours) has been shown. It is clearly indicated that 

formulation G-A has best in vitro release at this pH and shows 83% drug release at 8th hour of 

the study while formulations “G-B” and “G-C” exhibited 74.8% and 76.3% release 

respectively at the said pH. 
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In vitro release at pH=7.4 

 

Figure 4.24 Percentage release of encapsulated Gentamicin sulphate from oral formulation 

versus time (hours) at pH=7.4 

The percentage release profile of 3 different formulations of chitosan coated Gentamicin 

loaded PLGA NPs, meant for oral administration at pH=7.4 has been shown in figure 4.24. 

Drug release percentage versus time profile (hours) has been shown. It is clearly indicated that 

formulation G-A has best in vitro release at this pH exhibiting 70.1% drug release upto 8th hour 

of the study while formulations “G-B” and “G-C” showed 64.2% and 66.4% release 

respectively at mentioned pH. 
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4.9.2 In vitro drug release from transdermal patch at pH=7.4 

 

Figure 4.25 Percentage release of encapsulated Gentamicin sulphate versus time (hours) from 

transdermal patch at pH=7.4 

 

The above figure shows the drug release profile of 3 different formulations of transdermal 

patches having Gentamicin loaded PLGA NPs at pH=7.4 has been shown in figure number 

4.25. Drug release percentage versus time profile (hours) has been shown. It is clearly indicated 

that G-C has best in vitro release at this pH and shows 67.5% drug release at 8th hour of the 

study while formulations “G-B” and “G-A” exhibited 65.5% and 62.8% release respectively 

at the said pH. 
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4.10. In vivo pharmacokinetic studies 

 

                  

Figure 4.26: Mean+/-SD Plasma concentrations of Gentamicin loaded poly lactic co-glycolic 

acid nanoparticles after oral administration to rabbits (n=8) 

 

               

Figure 4.27: Mean+/-SD Plasma concentrations of Gentamicin loaded poly lactic co-glycolic 

acid nanoparticles after transdermal application to rabbits (n=8) 
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Figure 4.28: Comparative Mean +/- SD Plasma concentration of Gentamicin loaded poly lactic 

co-glycolic acid nanoparticles after oral and transdermal application to rabbits (n=8) 
 

 

Table 4.15: Group means for plasma concentration-time data of Gentamicin loaded poly lactic 

co-glycolic acid nanoparticles in rabbits after single oral administration at a dosage of 10 

mg/kg BW (n=8) 

Time 

(hours) 

Range 

(μg/ml) 

Mean 

Concentration 

(μg/ml) 

SEM Std. Dev CV% 

0.5 0.79-1.48 1.16 0.08 0.24 20.42 

1 1.59-2.89 2.49 0.16 0.45 18.38 

2 3.28-3.85 3.61 0.07 0.20 5.51 

4 2.61-3.51 3.16 0.11 0.30 9.42 

8 1.76-2.61 2.41 0.12 0.33 13.53 

12 1.14-2.32 1.67 0.13 0.35 21.21 

24 0.34-0.80 0.49 0.05 0.15 31.17 
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Table 4.16: Group means of Gentamicin loaded poly lactic co-glycolic acid nanoparticles 

pharmacokinetics parameters in rabbits after oral administration at dosage of 10 mg/kg BW 

(n=8) 

Parameters Units Range Mean SEM Std. Dev CV% 

AUC 

Trapezoidal 

h.mg/L 32.91-53.4 43.29 2.16 6.12 14.13 

Cl L/h 0.17-0.28 0.22 0.012 0.034 15.62 

Vd Steady 

state 

L 0.76-2.51 1.54 0.25 0.71 46.07 

Half life Phase 

1  (t1/2α) 

h 0.33-1.36 0.59 0.12 0.33 56.06 

Half life Phase 

2  (t1/2β) 

h 3.93-8.4 6.23 0.53 1.49 24.06 

MRT H 9.50-12.99 11.22 0.42 1.18 10.51 

Tmax H 2.12-2.90 2.56 0.09 0.26 10.29 

Cmax mg/L 2.99-3.70 3.49 0.10 0.27 7.78 

 

Table 4.17: Group means for plasma concentration-time data of Gentamicin loaded poly lactic 

co-glycolic acid nanoparticles in rabbits after single transdermal application at a dosage of 25 

mg/kg BW (n=8) 

 

TIME 

(hours) 

RANGE 

(μg/ml) 

MEAN 

CONCENTRATION 

(μg/ml) 

SEM Std. Dev CV% 

0.5 1.25-1.70 1.45 0.06 0.17 11.43 

1 2.44-3.06 2.75 0.08 0.23 8.49 

2 3.96-4.63 4.31 0.08 0.24 5.46 

4 2.94-3.85 3.57 0.10 0.29 8.08 

8 2.26-2.83 2.63 0.06 0.18 6.80 

12 1.64-1.98 1.77 0.04 0.11 6.76 

24 0.40-0.80 0.66 0.04 0.13 18.75 
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Table 4.18: Group means of Gentamicin loaded poly lactic co-glycolic acid nanoparticles 

pharmacokinetics parameters in rabbits after transdermal application at dosage of 25 mg/kg 

BW (n=8) 

Parameters Units Range Mean SEM Std. Dev CV% 

AUC 

Trapezoidal 

h.mg/L 44.9-51.72 48.61 0.84 2.39 4.92 

Cl L/h 0.40-0.53 0.45 0.01 0.04 9.06 

Vd Steady 

state 

L 1.90-6.55 4.48 0.48 1.36 30.39 

Half life Phase 

1 (t1/2α) 

h 0.62-1.37 0.93 0.09 0.27 28.86 

Half life Phase 

2 (t1/2β) 

h 5.0-11.14 8.52 0.61 1.75 20.50 

MRT H 9.90-16.19 12.98 0.64 1.80 13.89 

Tmax H 1.90-2.90 2.58 0.13 0.37 14.40 

Cmax mg/L 3.80-4.30 4.13 0.07 0.20 4.83 

 

Mean ± SD plasma concentration of Gentamicin loaded nanoparticles versus time after oral 

administration to rabbits is presented in figure 4.26. It is evident in this figure that mean plasma 

concentration peaks at 2 hours and gradually declines till 24 hours. Group mean plasma 

concentration time data following oral administration of Gentamicin formulation was 

calculated and results are described in table 4.15. Group means of various pharmacokinetic 

parameters of Gentamicin loaded PLGA nanoparticles after oral administration in rabbits were 

calculated and presented in table 4.16. Mean  ± SEM values for area under the curve (AUC) 

was 43.2 ± 2.16 h.mg/L, clearance (Cl) 0.22 ± 0.012 L/h, volume of distribution (Vd) 1.54 ± 

0.25 L, half-life phase-1 (t1/2α) 0.59 ± 0.12 h, half-life phase-2 (t1/2β) 6.23 ± 0.53 h, mean 

residence time (MRT) 11.22 ± 0.42 h, time to reach maximum concentration (Tmax) 2.56 ± 

0.09 h and maximum concentration (Cmax) was 3.49 ± 0.10 mg/L (table 4.16).  

Mean ± SD plasma concentration of Gentamicin loaded PLGA nanoparticles versus time 

profile after transdermal application to rabbits is given in figure 4.27. This figure shows that 

mean plasma concentration peaks at around 2 hours and declines gradually till 24 hours. Group 

mean plasma concentration time data following transdermal application of Gentamicin 

formulation was calculated and results are described in table 4.17. Group means of different 
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pharmacokinetic parameters of Gentamicin loaded PLGA nanoparticles after transdermal 

application in rabbits were calculated and given in table 4. Mean  ± SEM values for area under 

the curve (AUC) was 48.61 ± 0.84 h.mg/L, clearance (Cl) 0.45 ± 0.01 L/h, volume of 

distribution (Vd) 4.48 ± 0.48 L, half-life phase-1 (t1/2α) 0.93 ± 0.09 h, half-life phase-2 (t1/2β) 

8.52 ± 0.61 h, mean residence time (MRT) 12.98 ± 0.64 h, time to reach maximum 

concentration (Tmax) 2.58 ± 0.13 h and maximum concentration (Cmax) was 4.13 ± 0.07 mg/L 

(table 4.18).  

Comparative presentation of Mean ± SD plasma concentration of Gentamicin loaded PLGA 

nanoparticles after oral and transdermal applications to rabbits is given in figure 4.28. Both 

Gentamicin formulations exhibited similar pattern of profiles in rabbits with relatively higher 

concentrations for transdermal formulation.  
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4.11. Toxicological studies 

(A) Hematological Parameters 

Red blood cells (RBCs) 

 

Figure 4.29 Red blood cells (RBCs) count of normal control group versus oral and transdermal 

Gentamicin nanoformulations groups (n=6) 

The RBCs values of control, oral and transdermal nanoformulations of Gentamicin treated 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure 4.29. All the group 

results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in red blood cells among control, oral and patch treated animal groups. 
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White Blood Cells (WBCs) 

 

Figure 4.30 White blood cells (WBCs) count of control versus Gentamicin nanoformulations 

treatment groups (n=6) 

The WBCs values of control, oral and transdermal Gentamicin nanoformulations treated 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure 4.30. All the group 

results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in WBCs count among control, oral and patch treated animal groups. 
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Hemoglobin 

 

Figure 4.31 Hemoglobin values of healthy control group versus oral and transdermal 

nanoformulation of Gentamicin treated groups (n=6) 

 

The hemoglobin values of control, oral and transdermal nano-formulations of Gentamicin 

treated animal groups had been analyzed statistically by using 2-way analysis of variance 

(ANOVA) by using Graph Pad Prism software 6. The results were shown in figure number 

4.31. All the group results were non-significant (p˃0.005) (see appendix), suggesting that there 

was no characteristic difference in hemoglobin among control, oral and patch treated animal 

groups. 
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Erythrocyte indices 

Mean cell volume (MCV) 

 

Figure 4.32: Mean cell volume (MCV) of control versus nano-formulations of Gentamicin 

treatment groups where n=6 for each group 

The mean cell hemoglobin values of control, oral and transdermal nanoformulations of 

Gentamicin treated animal groups had been analyzed statistically by using 2-way analysis of 

variance (ANOVA) by using Graph Pad Prism software 6. The results were shown in figure 

number 4.32. All the group results were non-significant (p˃0.005) (see appendix), suggesting 

that there was no characteristic difference in MCV among control, oral and patch treated 

animal groups. 
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Mean cell Hemoglobin (MCH) 

 

Figure 4.33: Mean cell hemoglobin (MCH) of control versus nanoformulations of Gentamicin 

treatment groups where n=6 for each group 

The MCH values of control, oral and transdermal nanoformulations of Gentamicin treated 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure number 4.33. All the 

group results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in MCH among control, oral and patch treated animal groups. 
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Mean cell hemoglobin concentration (MCHC) 

 

 

Figure 4.34: Mean cell hemoglobin concentration (MCHC) of control versus Gentamicin 

nanoformulations treatment groups where n=6 for each group 

 

The MCHC values of control, oral and transdermal nanoformulations of Gentamicin treatment 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure 4.34. All the group 

results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in MCHC among control, oral and patch treated animal groups. 
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(B) Organ to body weight ratio 

(a) Organ to body weight ratio of liver of control versus treatment groups 

 
 
Figure 4.35: Liver to body weight ratio of control versus Gentamicin nanoformulations 

treatment groups where n=6 for each group 

 

 

The liver to body weight ratio values of control, oral and transdermal nanoformulations of 

Gentamicin treatment animal groups had been analyzed statistically by using one-way analysis 

of variance (ANOVA) by using Graph Pad Prism software 6. The results were shown in figure 

4.35. All the group results were non-significant (p˃0.005) (see appendix), suggesting that there 

is no characteristic difference in liver weight among control, oral and patch treated animal 

groups. It indicated that there was no changes in the liver weight of animals after treatment in 

all groups. 
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(b)  Organ to body weight ratio of kidney of control versus treatment groups 

 

Figure 4.36: Kidney to body weight ratio of control versus Gentamicin nanoformulations 

treatment groups where n=6 for each group 

The kidney to body weight ratio values of control, oral and transdermal nanoformulations of 

Gentamicin treatment animal groups had been analyzed statistically by using one-way analysis 

of variance (ANOVA) by using Graph Pad Prism software 6. The results were shown in figure 

4.36. All the group results were non-significant (p˃0.005) (see appendix), suggesting that there 

was no characteristic difference in kidney weight among control, oral and patch treated animal 

groups. It indicated that there was no changes in the kidney weight of animals after treatment 

in all groups. 
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(C) Biochemical Parameters 

Liver Function Tests (LFT’s) 

Alanine amino transferase (ALT) 

 

 

Figure 4.37: SGPT/ALT of control versus Gentamicin nano-formulations treatment groups 

where n=6 for each group 

The ALT values of control, oral and transdermal nanaoformulations of Gentamicin treatment 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure 4.37. All the group 

results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in ALT among control, oral and patch treated animal groups. 
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Aspartate Amino transferase (AST) 

 

 

Figure 4.38: SGOT/AST of control versus nanoformulations of Gentamicin treatment groups 

where n=6 for each group 

 

The AST values of control, oral and transdermal nanoformulations of Gentamicin treatment 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure 4.38. All the group 

results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in AST among control, oral and patch treated animal groups. 
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Kidney Function Test 

(a) Creatinine Level 

 

Figure 4.39: Creatinine level of control versus Gentamicin nano-formulations treatment groups 

where n=6 for each group 

The creatinine values of control, oral and transdermal nanoformulations of Gentamicin treated 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure number 4.39. All the 

group results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in creatinine among control, oral and patch treated animal groups. 
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(b) Blood urea nitrogen (BUN) 

 

Figure 4.40: Blood urea nitrogen (BUN) level of control versus Gentamicin nano-formulations 

treatment groups where n=6 for each group 

The BUN values of control, oral and transdermal nanoformulations of Gentamicin treated 

animal groups had been analyzed statistically by using 2-way analysis of variance (ANOVA) 

by using Graph Pad Prism software 6. The results were shown in figure 4.39. All the group 

results were non-significant (p˃0.005) (see appendix), suggesting that there was no 

characteristic difference in BUN among control, oral and patch treated animal groups. 
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4.12. Histopathological Investigations 

(A) Histopathological studies of liver 

(a) Control versus oral formulation treated groups 

 

Figure 4.41 Histopathological investigations of liver at 10x of representative samples (A) 

Control group (B) Oral formulation treated groups where n=6 for each group 

Microscopically, liver of rabbits treated with oral nanoformulation of Gentamicin had shown 

normal texture of hepatic lobules with normal sized hepatocytes similar to control rabbit liver 

(figure 4.41). No signs of hepatic necrosis, edema or infiltration of cells were observed. 
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(b) Control versus transdermal formulation treated groups 

 

Figure 4.42 Histopathological investigations of liver at 10x of representative samples (A) 

Control group (B) Transdermal formulation treated group where n=6 for each group 

Microscopically, liver of rabbits treated with oral nanoformulation of Gentamicin had shown 

normal texture of hepatic lobules with normal sized hepatocytes similar to control rabbit liver 

(figure 4.42). No signs of hepatic necrosis, edema or infiltration of cells were observed. 
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(B) Histopathological studies of kidney 

(a) Control versus oral formulation treated groups 

 

Figure 4.43 Histo-pathological investigations of kidney at 10x of representative samples (A) 

control group (B) Oral formulation treated groups where n=6 for each group 

Microscopically, kidneys of rabbits treated with oral nano-formulation of Gentamicin had 

shown normal parenchyma of nephron with no sign of necrosis, edema or infiltration of cells 

similar to control rabbits (Figure 4.43)  
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(b) Control versus transdermal formulation treated groups 

 

Figure 4.44 Histopathological investigations of kidney at 10x of representative samples (A) 

Control group (B) Transdermal formulation treated group where n=6 for each group 

Microscopically, kidneys of rabbits treated with oral nano-formulation of Gentamicin had 

shown normal parenchyma of nephron with no sign of necrosis, edema or infiltration of cells 

similar to control rabbits (Figure 4.44)  
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(C) Histopathological studies of skin 

Control versus transdermal formulation treated groups 

 

Figure 4.45 Histopathological investigations of skin at 10x of representative samples (A) 

Control group (B) Transdermal formulation treated groups where n=6 for each group 

Microscopically, skin of rabbits treated with transdermal nano-formulation of Gentamicin had 

been shown in figure 4.45. It is clearly evident in figure no 4.45 A & B that skin is composed 

of single layer of epidermal cells with no signs of dermatitis/irritation. 
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CHAPTER 5 

DISCUSSION 

5.1Characterization of nanoparticles 

5.1.1.Size distribution and Polydispersity index 

Particle size is very important consideration regarding nanoparticles and hence nanoparticle 

based drug delivery. Particle size is very important parameter regarding the drug degradation 

of PLGA. Surface area to volume ratio increases upon decrease in particle size leading to 

availability of large surface area for hydrolysis of ester bonds of PLGA (Lecaroz et al., 2007). 

In this study, nanoparticles of two different sizes were engineered for oral and transdermal 

patch based nano-formulations. In case of oral drug delivery, average nanoparticle size was 

236.5 nm as shown in figure 4.1 and table 4.1while for transdermal patch, the nano size was 

219.2 nm as in figure 4.2 and table 4.2. Nanoparticles with a very small size i.e. less than 10nm 

were rapidly removed via kidney while the larger ones (size above 300nm) were recognized 

by reticulo-endothelial system (RES) and removed from the blood circulation (Fox et al., 2009, 

Kobayashi et al., 2014). The results of this study are in compliance with another researcher 

who also used chitosan to modify the PLGA NPs and obtained the nanoparticles in the size 

distribution comparable to our size (Lu et al., 2019). 

In case of GM loaded PLGA NPs meant for transdermal patch, the hydrodynamic size achieved 

was 219.2 nm, as shown in table 4.2, which is an ideal size for the nanoparticle based drug 

delivery system. The results are in compliance with another study where GM loaded PLGA 

based nanoparticles were engineered within same size range as ours (Posadowska et al., 2015). 

Another study reported the comparable size of PLGA NPs of gentamicin sulphate (Dhal et al., 

2019). Similar values of size distribution range were produced by a researcher’s group who 

encapsulated tobramycin in PLGA NPs and coated with chitosan for pulmonary delivery of 

drug (Al-Nemrawi et al., 2018). A very close particle size was reported by Abdelghany et al 

while using GM loaded PLGA NPs for improved antimicrobial effects (Abdelghany et al., 

2012) 
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Polydispersity index value was 0.422 for oral use nanoparticles (as shown in table 4.1) and 

0.279 for transdermal formulation as shown in table 4.2. The results are in accordance with 

another study aimed to use tobramycin by encapsulating in PLGA NPs (Al-Nemrawi et al., 

2018). PDI value is very low indicating a uniform distribution in the formulation. The results 

are in accordance with other studies where GM was incorporated in PLGA NPs & in 

PLGA/PEG (Abdelghany et al., 2012, Dorati et al., 2018, Posadowska et al., 2015). 

5.1.2. Zeta potential 

Zeta potential of plain PLGA NPs is -36.7mV according to our results (as shown in figure 4.3 

and table 4.3). This is because PLGA is negatively charged and can be accredited to the 

presence of PLGA’s ionized carboxyl group (Le Broc-Ryckewaert et al., 2013). Several studies 

have demonstrated that PLGA have negative zeta potential (Dorati et al., 2018, García-Díaz et 

al., 2015). 

Zeta potential of Gentamicin loaded PLGA NPs reduced to -11.5 mV (as shown in figure 4.4 

and table 4.4). This shift in potential is due to the loading of the positively charged Gentamicin 

into the negatively charged polymer, PLGA. The similar results were also reported in another 

study after incorporating cationic drug doxorubicin in PLGA (Nguyen et al., 2016). The same 

fashion of decrease in zeta potential was observed in another study in which positively charged 

amikacin (an aminoglycoside) was encapsulated in PLGA. This resulted a change in potential 

from -43 mV to 30 mV (Sabaeifard et al., 2016). Our results are also comparable with the 

results of another study who also encapsulated Gentamicin into PLGA NPs (Posadowska et 

al., 2015). Another study also reported comparable results of plain PLGA NPs and also GM 

loaded PLGA NPs while working on same polymer PLGA 502H as ours (Lecaroz et al., 

2006b). 

The zeta potential of GM loaded PLGA NPs shifted towards a positive value of 9.01 mV after 

coating with chitosan as shown in figure 4.5 and table 4.5. This indicated the successful coating 

of chitosan on NPs as chitosan is positively charged. Various studies have shown that chitosan 

NPs are positively charged due to amine functional groups (Al-Nemrawi et al., 2018, Huang 

et al., 2014, Rencber et al., 2016). Ji et al., also reported a comparable zeta potential of 

Gentamicin loaded chitosan NPs (Ji et al., 2011). Lu et al., also reported the comparable results 
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of PLGA NPs (negatively charged) while positive charged zeta potential NPs with chitosan 

coating. The results successfully confirmed the chitosan coating on the surface of NPs.(Lu et 

al., 2019). The surface charge is related to the cell adhesion and stability of NPs. Generally, 

the greater zeta potential will render NPs more stable in vitro (Lu et al., 2019). Chitosan 

modified PLGA NPs can interact with negatively charged membranes via ion adsorption and 

promote cellular uptake (Abouelmagd et al., 2015, Chen et al., 2016). 

It has been observed that charge density on nanoparticle surface is highly dependent on 

nanoparticle size and the concentration of chitosan used during the formulation (Katas et al., 

2006, Nafee et al., 2007). It is expected that as the concentration of chitosan in NPs synthesis 

increases, free amine group number increases, leading to more positive zeta potential (Al-

Nemrawi et al., 2018). 

5.1.3. Morphological characterization 

Scanning electron microscopy (SEM) 

Surface morphology of NPs was observed both in the form of thin film (as shown in figure 4.6 

and 4.8) and in liquid dispersion (as shown in figure 4.7 and 4.9). The nanoparticles are 

spherical in shape and smooth surfaced as shown in figure 4.7 and 4.9. The results are 

comparable with another study who described the spherical shape of amikacin loaded PLGA 

NPs (Sabaeifard et al., 2016). The surface of chitosan modified nanoparticles were relatively 

less smooth as compared to the GM loaded PLGA NPs as shown in figure 4.7. This also 

confirmed the successful coating of chitosan on the surface of PLGA NPs (Lu et al., 2019). 

Further it was evident from SEM that there was more adhesion of chitosan. The results are in 

accordance with another study reporting the same results of chitosan modified NPs (Lu et al., 

2019). SEM images suggest the smaller size nanoparticles in comparison to the hydrodynamic 

size probably because the hydrodynamic size is always measured in liquid form while SEM 

imaging is done when particles are in dry form (Vu-Quang et al., 2016).  

Another characteristic feature shown by our NPs (in thin film form) is the presence of pores 

on the surface. This characteristic is clearly evident from figures no. 4.6 and 4.8. When NPs 

are in the form of thin film. Such porous structure is very favorable for the drug incorporation. 

This structure also favors GM release, hinders the autocatalytic effects and significant pH 

drops and hence considered favorable for various applications. The similar results have been 
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reported by different researchers (Burg et al., 2000, Chereddy et al., 2014, Danhier et al., 2012, 

Flores et al., 2016, Makadia et al., 2011). 

 

5.1.4. Thermal stability studies 

Thermo-gravimetric analysis 

The thermal stability of oral and transdermal patches had been conducted and various 

important parameters derived from them have been given in table 4.6 and 4.7. In case of oral 

formulation, thermal degradation behavior of PLGA, GM, chitosan and oral formulation has 

been shown in figure 4.10. The thermal degradation of PLGA is a single step process as shown 

in figure 4.10 on a weight-loss temperature curve. The onset temperature (Tonset), defined as 

the temperature at joining of tangential and baseline & tangential line at the inflection point of 

the weight loss thermo gram. It is also called as initial decomposition temperature (Palacios et 

al., 2013). The value of Tonset for PLGA was 224.5 °C and the maximum degradation window 

was from 251.8 °C to 390.62 °C as shown in table 4.6 and 4.7. The results are in accordance 

with Palacios et al who reported the peak degradation time of 365 °C for PLGA 50:50. 

(Palacios et al., 2013). A comparable peak value was also reported by another scientist 

(Armentano et al., 2008). Both the values of thermal degradation reported by above scientists 

are within the same range as reported by our study. Another study also reported the thermal 

degradation value of PLGA between 360°C-400°C (Ayyoob et al., 2018). 

The thermal degradation pattern of chitosan, according to results, can be divided into two 

stages. The first stage has onset temperature of around 20.07 °C as shown in table 4.6. This 

stage was a small stage and indicates the loss of free water present within the chitosan 

molecules. The 2nd stage was the degradation phase and has the maximum degradation window 

39.55 °C - 433.95 °C as shown in table 4.6. This stage demonstrated the loss of lattice water. 

Comparable results were demonstrated by other researchers group, while working on chitosan 

loaded PLGA NPs for controlled drug delivery (Lu et al., 2019).The endothermic peaks at or 

around 100°C corresponds to loss of absorbed water while between 100°C - 400°C donates the 

loss of lattice water (Kumta et al., 2005). 

The degradation behavior of Gentamicin has also been shown in figure 4.10 and 4.11. The 

onset degradation temperature was 44.8°C while 2nd onset temperature was 218.4°C. The 
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maximum degradation temperature window was 238.6°C to 349.4°C as shown in table 4.6 and 

4.7. The results are in compliance with another study (Bajpai et al., 2017). The final oral 

preparation show onset temperature at 24.9 °C and 214.8 °C. Maximum degradation window 

was 98.8 °C—448.9 °C. The % weight loss is 8.83, 8.79, 7.49 and 8.57 for PLGA, GM, 

chitosan and oral formulation respectively as shown in table 4.6. These percentages clearly 

show that that was no characteristic weight loss in the form of oral formulation in comparison 

to drug and other polymers used in the study. 

In case of transdermal patch, the onset temperatures were 29.16 °C & 231.52 °C as shown in 

table 4.7. The maximum degradation temperature window was from 250.5°C-466.8°C. The % 

weight loss was 11.69, as shown in table 4.7, which may be due to the presence of other 

polymers in the patch. 

5.1.5. X-rays diffraction (XRD) studies of chitosan modified GM loaded PLGA NPs 

The results of XRD studies showed no sharp peak as shown in figure 4.12. It clearly indicated 

that Gentamicin and both the polymers i.e. PLGA & chitosan are amorphous in nature. 

5.1.6. FTIR studies 

The FTIR spectra of gentamicin sulphate shows typical characteristic bands at 1529.27cm-1 

and 1619.23cm-1 (as shown in figure 4.13) corresponding to the presence of amide band. 

Another study reported very close values for these absorption bands (Nast et al., 2016). The 

absorption band at 1045.23cm-1, as shown in figure 4.13, represented S-O stretching. All the 

three values are comparable to the values reported by another study of Gentamicin 

(Douzandeh-Mobarrez et al., 2018). The absorption peaks at 1290cm-1 and 1459.85cm-1 

respond to SO2. Comparable values of absorption peaks were reported in another study (Bajpai 

et al., 2017).  

In case of PLGA 50:50, various peaks have been reported at 1089.58cm-1, 1168.65cm-1, 

1326.79cm-1, 1454.06 cm-1, 1752.98cm-1, 2894cm-1, 3068cm-1 and 3525cm-1 as shown in figure 

4.14. The characteristic absorption band at 3525 cm-1 showed the presence of terminal 

hydroxyl group. The results are in compliance with a study which reported a very close value 

(Zhang et al., 2016). Characteristic bands of asymmetric and symmetric stretching of CH2 and 
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CH3 were present at 1454.06cm-1 and 1326.79cm-1. A study reported a very close value of 

wavenumber (Marques et al., 2013). The absorption bands at 3068 cm-1 to 2894 cm-1 indicated 

the presence of C-H bonds. The results are in compliance with another study (Zhang et al., 

2016). The absorption bands between 1168.65cm-1 to 1089.58cm-1 refer to the presence of C-

O stretching of aliphatic polyesters. The absorption characteristic peak at 1752.98cm-1 

specified the presence of carbonyl group (C=O). Peak value was comparable to another study 

(Stevanović et al., 2008). The results are also comparable to some other studies who reported 

value of 1760cm-1  for carbonyl group (Zhang et al., 2016). 

In case of chitosan, various peaks have been reported at 894.80cm-1, 1026cm-1, 1066cm-1, 

1153.22 cm-1, 1326.7cm-1, 1377cm-1, 1591cm-1, 1644.98cm-1 , 2875.34cm-1, 2921cm-1  and 

3419.2cm-1 as shown in figure 4.15. The absorption band present at 3419.2cm-1 was related 

with stretching vibrations of –NH2 & -OH groups in chitosan. Comparable values have been 

reported by other scientists (Fernandes Queiroz et al., 2015, Lu et al., 2019). The absorption 

bands at 2921cm-1 and at 2875.34cm-1 represented the C-H symmetric and asymmetric bending 

respectively. These were typical characteristic features of all polysaccharides and could be 

observed in spectra of other polysaccharides like carrageenan, (Silva et al., 2010), glucans 

(Wolkers et al., 2004) and xylan (Fernandes Queiroz et al., 2015, Melo-Silveira et al., 2012). 

The absorption bands at 1644.98 cm-1 showed the presence of N-acetyl groups (C=O stretching 

of amide I). The absorption band at 1326.7cm-1 & 1591cm-1 were indicative of C-N stretching 

of amide III & N-H bending of primary amine respectively. The absorption band at 1377cm-1 

& 1153.2cm-1 were indicative of symmetrical deformations of CH3 and asymmetric stretching 

of C-O-C. The absorption bands at 1066 cm-1 & 1026cm-1 were due to the C-O stretching and 

due to stretching of –NH2 & -OH groups present in chitosan. All the peak values were 

comparable with values reported by other researchers (Fernandes Queiroz et al., 2015, Kini et 

al., 2015, Lu et al., 2019).  

In case of chitosan modified PLGA NPs based oral formulation, typical characteristic band at 

1536.99cm-1 as shown in figure 4.16, in oral formulation showed the presence of amide bond 

of GM thus it was confirmed that GM has been successfully incorporated in to the formulation. 

GM presence was also confirmed by the presence of absorption band at 1296cm-1 showing the 

presence of S-O stretching band. Chitosan coating on PLGA was confirmed by absorption band 
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at 1026cm-1, 1087.66cm-1, 1378.85cm-1 and 2861.85cm-1 exhibited by oral formulation. The 

first 2 peak values corresponded to the presence of C-O stretching, -CH3 deformations and C-

H asymmetric bending (typical characteristic exhibited by polysaccharides) respectively and 

were the typical characteristic bands exhibited by chitosan (as evident from figure 4.15 of 

individual chitosan). Thus the characteristics peaks of chitosan showed that it has been 

successfully coated on oral formulation as shown in figure 4.17. Lu et al reported comparable 

results while working on chitosan modified PLGA NPs reported comparable results (Lu et al., 

2019). There was no change in chemical structure of drug and no significant interaction 

between polymers and with the drug. 

In case of transdermal patch, different polymers were used including Eudragit, PEG & HPMC. 

In case of Eudragit RL-100 the typical characteristic peaks were visible at 1710.55 cm-1 which 

corresponded to the presence of C=O. The absorption band from 2798cm-1-3031.55cm-1 

corresponded to the O-H bonding while absorption peak at 3735 cm-1 (as in figure 4.18) showed 

the presence of free –OH group. A research group reported very close peak values (Tian et al., 

2018). In case of HPMC, the absorption peaks from 1056cm-1 to 1095cm-1 corresponded to the 

stretching vibrations due to C-O-C group. The absorption peaks at 1375cm-1 conferred to 

methoxy group. The absorption peak at 2902cm-1 referred to the methyl and hydroxyl propyl 

group. The absorption peak at 3469cm-1 (as shown in figure 4.20) corresponded to stretching 

vibrations owing to –OH group and intermolecular H-bonding. The comparable peak values 

and results have been reported in another study (Subhashree et al., 2011). In case of 

polyethylene glycol (PEG), peak at 3469.31cm-1 refers to the O-H stretching while absorption 

peak at 2869.56cm-1 refers to the C-H stretching. The absorption peaks from 1456cm-1 to 

1348cm-1 conferred to the presence of C-H bending. The absorption peaks from 1248cm-1-

1097cm-1 referred to the C-O-H and O-H stretching as shown in figure 4.19. The comparable 

peak values were reported in another study (Shameli et al., 2012). 

In transdermal patch, the absorption peaks at 1639cm-1 to 1543cm-1 correspond to the presence 

of amide bond of Gentamicin sulphate. In case of pure Gentamicin sulphate, the peak values 

are 1619.23cm-1 to 1529.27cm-1 (see figure 4.13).It confirms that drug has been successfully 

entrapped into the transdermal patch. The absorption peak at 1730 cm-1 and  
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1450cm-1 exhibited by patch corresponded to the C=O and bending vibrations of –CH2. The 

peaks were at the values of 1752.98cm-1 & 1454.06cm-1 respectively in case of pure PLGA (as 

shown in figure 4.14).It confirmed the presence of PLGA & suggested that there was no bond 

shift in the final finished product. The absorption peaks exhibited at 2873cm-1, 1248cm-1 and 

1093cm-1 in transdermal patch (as shown in figure 4.21) were very much close to the peaks of 

polyethylene glycol absorption peaks which were at 2869.56cm-1,1248cm-1 and 1099cm-1 

respectively and already discussed (figure 4.19). The absorption peak at 2915cm-1 corresponds 

to methyl and hydroxyl propyl group of HPMC. All the absorption peaks suggest that there is 

no significant bond shift & hence no interaction of the individual polymers and the drug as 

shown in figure 4.22. 

5.2. Physiochemical properties of transdermal patches 

Transdermal patches were subjected to a battery of various physiochemical tests i.e. weight 

variations, thickness, folding endurance, flatness, swelling index, % increase in weight due to 

swelling and % erosion studies. In case of weight variations, the values were within the 

prescribed range of weight variations hence showed that patches were of almost equal weights. 

Weight variation was minimum with formulation G-B (1.6248 ± 0.025) while maximum 

variation was shown by G-C (1.680 ± 0.026) as shown in table 4.9. In case of thickness testing, 

transdermal patches showed a thickness range of 0.4548 ± 0.008 to 0.04822 ± 0.049 as shown 

in table 4.10. In case of folding endurance, maximum value was shown by G-A (124 ± 4.69) 

while minimum by G-E (82 ± 2.74) as shown in table 4.11. Maximum folding endurance shown 

by G-A corresponded to highest proportion of Eudragit RS 100 used in this patch. All the 

formulations of transdermal patches showed good values of flatness in the range of 96.14 ± 

1.43 to 99.60 ± 0.89 as shown in table 4.12. In case of swelling index, minimum swelling index 

was exhibited by G-A (0.357 ± 0.031) while maximum was shown by G-E (0.91 ± 0.026) while 

the % increase in weight due to swelling was also minimum by G-A (35.67 ± 3.06) while 

maximum by G-E (91±2.65) as shown in table 4.13. This increase in swelling index and the 

relative % increase in weight due to swelling was due to the increased concentration of the 

hydrophilic polymer, HPMC. The % erosion was maximum again for G-E patch formulation 

which was completely eroded at the end of the experiment while the erosion was minimum for 

G-A. The maximum swelling index, % weight increase due to swelling and % erosion was due 
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to the increased hydrophilic concentration in the formulation. In case of transdermal patch, 

sustained release profile of matrix film may be affected by polymer hydration. High 

proportions of swelling lead to empty spaces as a result structure becomes less resistant to 

mechanical stresses (Perioli et al., 2004). The results were according to another study (Shabbir 

et al., 2017). 

5.3. In vitro release of Gentamicin for oral formulations 

Nanoparticles exhibit biphasic drug release with initial burst release following sustained 

release. The burst release contributes to the poorly bounded drug or the free drug (Al-Nemrawi 

et al., 2016, Seju et al., 2011). PLGA NPs degradation is well known and confers to the 

hydrolysis of oligomer’s ester linkage hydrolysis I water leading to the drug release (Al-

Nemrawi et al., 2016). Chitosan, a copolymer of glucosamine and N-acetyl glucosamine, has 

a bio-adhesive nature. It could promote the absorption of hydrophilic molecules by 

encouraging the reorganization of tight junction associated protein (Dudhani et al., 2010). 

Chitosan (low-molecular weight chitosan LMWC), forms a hydrogel layer after swelling in 

water. This layer panels the drug diffusion. NPs coating with chitosan decelerates the drug 

release thus serving as supplementary barrier against drug diffusion (Ungaro et al., 2012). 

In vitro drug release was conducted for both the oral and transdermal patches. For oral 

formulation, study was conducted at pH 1.2 and 7.4.  Formulation “A” showed best in vitro 

release at pH 1.2 by showing 83% drug release at 8th hour of the study while formulations “B” 

and “C” exhibited 74.8% and 76.3% release respectively at pH 1.2 (as shown in figure 4.23). 

At pH 7.4, again “A” exhibited best release by showing 70.1% drug release upto 8th hour of 

the study while formulations “B” and “C” showed 64.2% and 66.4% release respectively (see 

figure 4.24). The results are comparable with an early work on Gentamicin release upto 98% 

& 99% after 72 hours of releasing (Al-Nemrawi et al., 2018). In case of transdermal patch, 

formulation “G-C” showed best release (67.5%) while formulation “G-B” and “G-A” exhibited 

65.5% and 62.8% respectively till 8th hours of study at pH 7.4 as shown in figure 4.25. 

The rapid releasing profile can be explained by reference to the hydrophilic property of GM. 

The dissolved GM could diffuse into the release medium easily. Moreover, GM on the surface 

of NPs might contribute to speedy releasing. The slow releasing curve in the second phase is 

due to polymer degradation. GM is an aminoglycoside antibiotic widely used for treating many 



116 
 

types of bacterial infections in airway inflammatory diseases, particularly those caused by 

Gram-negative bacteria. The biphasic releasing of GM is effective for bacterial growth 

inhibition. In the initial stage, rapid release of GM could inhibit bacterial growth efficiently; 

in the second stage, sustained releasing of GM could suppress bacterial infection continuously 

(Huang et al., 2014). 

In another study, component of the NPs affected the release of tobramycin in vitro. All NPs 

showed the emergence of an initial burst of release before the first 2 h, followed by a relatively 

slow release of the drug. The release of tobramycin from the coated NPs was slower in 

comparison to the uncoated NPs (Al-Nemrawi et al., 2018). 

In another study, in vitro release study was carried out of chitosan loaded Gentamicin 

nanoparticles using dextran sulphate as polyanion. NPs released drug at faster rate at low pH 

as compared to high pH, owing to greater solubility of chitosan at low pH. Almost 60% of the 

drug was unreleased at pH 1.2 (Lu et al., 2009). Another study, aimed for long term release of 

gentamicin using micro and nanoparticles of different grades of PLGA, demonstrated that 

nanoparticle size and co-polymer type have potential role in drug release. This study concluded 

that 502H PLGA NPs (same which we used in our study) released 21.6% of drug in 1st hour 

while also showed excellent sustained profile by releasing only 60% of drug within a period 

of one month (Lecaroz et al., 2006b). 

In another study, GM loaded PLGA followed by immediate release and then a prolonged 

release for upto 35 days. Such curve shape is typical example of diffusion-erosion controlled 

mechanism (Posadowska et al., 2015). The immediate drug release contributed to the surface 

bound antibiotic driven by diffusion as also described by Jain et al  (Jain et al., 2010). Drug 

release in the next stage is due to hydrolytic breakdown of the polymer facilitating the diffusion 

out of oligomers ultimately creating micro-cavities into the nanoparticles and promoting drug 

release. Initial burst release followed by the sustained release was recommended for 

Gentamicin use (Posadowska et al., 2015). 
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5.4. Pharmacokinetics 

Gentamicin concentration in plasma samples of rabbits was determined with microbiological 

assay keeping in view the facility available in our laboratory as well as internationally 

acceptable bioassay in drug analysis. This is widely used method for the determination of 

Gentamicin in biological fluids/ tissues (Sweetman, 2002, Umeyor et al., 2016). The LOD and 

LOQ of our assay were 0.25 and 0.34 µg/ml, respectively which is above MIC of Gentamicin 

for most of pathogens as shown in figure 3.2 (Lecaroz et al., 2007).  

Mean plasma concentration versus time data gave a typical parabolic curve after oral 

administration of Gentamicin nano-formulation in rabbits (figures 4.26) as reported by other 

investigators (Umeyor et al., 2016), (Prasad et al., 2003). Following oral administration, the 

plasma Gentamicin concentrations increased sharply, reached to Cmax within 2h after the 

dissolution of the polymers. The plasma Gentamicin levels obtained were within the MIC 

range (0.03–2.0 µg/ml) and were maintained at >0.34 µg/ml for 24h. The sharp rise in plasma 

Gentamicin levels indicates an immediate absorption of Gentamicin following release of 

Gentamicin from PLGA oral formulation as observed by Parsad et al (2003) in Gentamicin 

containing enteric capsules in dogs. The permeability studies (Hu et al., 2001) on colonic 

mucosa have indicated the involvement of P-glycoprotein (P-gp) inhibition in the promotion 

of GM absorption. As a class, it has been speculated that surfactants increase the permeability 

of drugs via disruption or fluidization of the cell membrane and subsequently increase 

transcellular transport  (Liu et al., 1999). The chitosan coating in our oral formulation might 

assist in Gentamicin penetration from gastrointestinal tract. 

The mean ± SEM value for Cmax, after administration of oral Gentamicin formulation in our 

study is 3.49 ± 0.10 µg/ml (table 4.16). The reported values of Cmax for different Gentamicin 

formulations obtained with Eud L capsules solution were (2.38± 0.50µg/ml), Eud L capsule 

suspension (0.58 ± 0.19µg/ml), and Eud L capsules sponge (0.82 ± 0.11µg/ml) in beagle dogs 

(Prasad et al., 2003). While the Cmax of gentamicin as surface modified self-nanoemulsifying 

two formulations were 2.87± 0.8µg/ml and 5.53 ± 0.2µg/ml respectively, in rats (Umeyor et 

al., 2016). This difference in Cmax values is attributed to different composition of oral 

nanoformulations in different studies. Mean ± SEM time to maximum concentration (Tmax) 

of Gentamicin loaded PLGA nanoparticles after oral administration in our study was 2.56 ± 
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0.09 h (table 4.16). This value is comparable to Tmax of 2.00 ± 0.04 h in rats (Umeyor et al., 

2016) and 2.33-2.67± 0.33 h in beagle dogs (Prasad et al., 2003) for different oral 

nanoformulations of Gentamicin.  

The mean ± SEM values of AUC for our oral formulation was 43.29 ± 2.16 h.mg/L. This value 

is comparatively higher than AUC of 17.12 ± 1.5 h.µg/ml with Gentamicin SNEF in rats 

(Umeyor et al., 2016) and 5.34 ± 0.95 h.µg/ml for Gentamicin oral nanoformulation in dogs 

(Prasad et al., 2003). The higher value of AUC in our study is attributed to higher values of 

Cmax (Table 4.16). Loading of Gentamicin in PLGA nanoparticles might give higher AUC in 

rabbits in accordance with Lecaroz et al. (2007) who reported that PLGA microspere-loaded 

Gentamicin in mice gave many fold higher AUC in tissues as compared to free Gentamicin.  

Mean ± SEM values for Mean Residence Time (MRT) of oral Gentamicin nanoformulation in 

our study was 11.22 ± 0.42 h (Table 4.16). The MRT of 4.10 ± 0.29 h has been reported in 

beagle dogs (Prasad et al., 2003) after oral administration of Gentamicin nano-formulation and 

1.6 ± 0.1 to 60.4 ± 0.2 days in different tissues of mice after microsphere loaded Gentamicin 

administration   (Lecaroz et al., 2007). The longer MRT indicate the sustained release of 

Gentamicin from our nano-formulation. This is further supported from higher elimination half-

life value (6.23 ± 0.53 h) in our study as compared to 2.93 ± 0.15 h half-life of Gentamicin in 

chicken after intravenous administration (Abu-Basha et al., 2007), 72.78 ± 14.6 minutes half-

life of Gentamicin in rabbits after intramascular administration (Gandhi et al., 1994), 3.0 ± 2.8 

h in horses after intravenous and intramuscular administration of Gentamicin (Magdesian et 

al., 1998). Gentamicin loading in nanoformulation can result in higher elimination half-life as 

appeared in our study is further supported by Lecoroz et al. (2007) who reported half-life of 

0.2 ± 0.1 to 38.0 ± 10.8 days after oral administration of microsphere loaded Gentamicin in 

mice. These studies supported that half-life of Gentamicin can be increased after loading it in 

nano formulations.  

Total body clearance (Cl) and volume of distribution at steady state (Vd) are primary and 

independent pharmacokinetic parameters while half-life is secondary parameter and dependent 

on Cl and Vd. Mean ± SEM values of Cl and Vd in present study are 0.22 ± 0.012 L/h 

equivalent to 3.67 ml/min and 1.54 ± 0.25 L, respectively (Table 4.16).  The Cl and Vd of 

Gentamicin after intramuscular administration reported in rabbits were 3.28 ± 0.8 ml/min and 
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0.21 ± 0.04 L/Kg (Gandhi et al., 1994),  while Cl and Vd of Gentamicin in chicken after 

intravenous administration is reported to be 5.06 ± 0.21 ml/min/Kg and 0.77 ± 0.05 L/Kg (Abu-

Basha et al., 2007). This is justifiable from these studies that Vd and Cl are inversely related 

to each other while half-life and Vd are directly related to each other. Since Vd in our study is 

higher as compared to other reported studies so half-life in our study is also higher as compared 

to published literature.  

We could not find any published pharmacokinetic study of Gentamicin after 

transdermal/topical application in animal model. Our pharmacokinetic study of Gentamicin 

loaded PLGA nanopartilces after transdermal application to rabbits might be the first report in 

this context. Mean plasma concentration versus time data again gave a typical parabolic curve 

after transdermal application of Gentamicin nanoformulation in rabbits (Figure 4.26 & 4.27) 

in accordance to our oral study and to other investigators (Umeyor et al., 2016), (Prasad et al., 

2003) after oral administration of Gentamicin. Following transdermal application, the plasma 

Gentamicin concentration reached to Cmax within 2.5 hours. The plasma Gentamicin levels 

obtained were within the MIC range (0.03-2.0 µg/ml) and were maintained at ≥0.4 µg/ml 

(Table 4.17). The sharp rise in plasma Gentamicin levels indicates an immediate absorption of 

Gentamicin following release of Gentamicin from PLGA transdermal formulation as observed 

after oral administration (Prasad et al., 2003). 

The pharmacokinetic parameters of Gentamicin (Cmax, Tmax, AUC, MRT, T1/2, Vd, Cl) after 

transdermal application to rabbits (Table 4.18) are relatively higher as compared to our oral 

study. This difference might be due to higher dose of Gentamicin (25mg/Kg) used as compared 

to oral dose (10mg/Kg). The higher values of important pharmacokinetic parameters indicate 

that Gentamicin effective concentration can be maintained for longer times in therapeutics. 

The MRT and AUC values were sustained for our both nano-formulations suggesting the 

sustained release of encapsulated Gentamicin (Lecaroz et al., 2007). 

The Cmax of Gentamicin after transdermal application was 1.2 fold higher as compared to oral 

nanoformulation in our studies. As a consequence of this a higher Vd (4.48 ± 0.48 L) for 

transdermal formulation was observed as compared to oral formulation. These observations 

are in accordance to Umeyor et al (2016) who studied such trends with his formulations of 
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Gentamicin as surface modified self nanoemulsifying agents in rats. Gentamicin belongs to 

group of antibiotics that exhibit a concentration dependent killing and prolonged persistent 

effects (Craig, 1998, Craig et al., 1991, Drusano, 1991). Therefore, for such antibiotics the 

goal should be to maximize the drug concentration for effective bacterial killing (Lecaroz et 

al., 2007). Taken all together, our pharmacokinetic studies suggest that effective concentration 

of Gentamicin can be maintained in animal models with single oral or transdermal 

administration for longer times after loading in PLGA nanoformulations.  

5.5. Toxicological studies 

LFT’s 

Enzyme concentration is useful for diagnosis of abnormalities in liver, heart, kidney and 

provides very useful information regarding the degree of damage (Salisu et al., 2018). 

Aminotransferases, serum enzymes, are the intracellular enzymes and usually found at low 

level in plasma, govern the cellular content release during the process of cellular renewal. 

Various studies have reported that increased levels of AST and ALT refers to hepatic infections 

follow on general cell death. It also attributes to the toxic liver damage and severe viral 

hepatitis (Gbore et al., 2010).  

The results of our study with respect to transaminases (AST & ALT) are non-significant in 

comparison to the control group and both the formulations treated groups (oral and 

transdermal) as described in figure 4.37 & 4.38. The results clearly suggested that there was 

no hepatotoxicity observed with both the formulations at the administered dose level. Both the 

transaminases values were within normal ranges and fall within the reference physiological 

range reported for rabbits (Jones, 1975). The results of study are in compliance with another 

research which reported no alterations in biochemical parameters of mice after treating them 

with Gentamicin loaded PLGA nanoparticles (Imbuluzqueta et al., 2013). 

Kidney function test 

Creatinine and blood urea nitrogen were performed as a marker of renal function assessment. 

The results of creatinine for the control and formulation treated groups are non-significant 

suggesting that there is no significant change in the renal function of animals of all the groups 
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as shown in figure 4.39 and 4.40 for creatinine and BUN respectively. It suggests that both the 

formulations are safe at the administered dose level.  

Histopathological Studies 

Biochemical findings were further investigated after performing histo-pathological studies on 

liver, kidney and skin tissues of control as well as nano-formulations treated groups. 

Microscopic examination of liver, kidney and skin tissues of nano-formulations treated rabbits 

exhibited normal parenchyma with respect to representative control slides (as shown in figures 

4.41, 4.42, 4.43, 4.44 & 4.45). The study further suggested that these formulations are safe at 

the administered dose levels. 
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CHAPTER 6 

SUMMARY 

Gentamicin belongs to aminoglycoside class and very important antibacterial. It is a drug of 

choice for many diseases. Commercially it is available in the form of parenteral preparation 

and few topical formulations are also available. Parenteral preparations poses a great threat for 

the public as this route is invasive and need a lot of expertise for drug administration. This 

route is also associated with the transmission of infectious diseases especially in the developing 

countries where the adequate hygiene and needle sterilization are questionable. That’s why 

there is a strong need for the alternative routes of this drug. This study, therefore, focused to 

optimize and characterize two dosage forms i.e. oral and transdermal route for achieving the 

systemic drug concentration by using nanotechnology. These formulations after optimization 

were subjected to in vitro evaluation and then subjected to in vivo evaluation for evaluation of 

various pharmacokinetics and toxicity studies using rabbits as experimental animals. 

The study was conducted in three phases. The first phase was the engineering of Gentamicin 

loaded poly lactic co glycolic acid (PLGA) nanoparticles. The surface of these nanoparticles, 

then modified by coating them with chitosan. These NPs were characterized by hydrodynamic 

size, zeta potential, polydispersity index, entrapment efficiency, atomic force microscopy, 

scanning electron microscopy, Fourier transmission electron microscopy (FTIR), X rays 

diffraction method (XRD) and thermal gravimetric analysis (TGA). 

The second phase consists of development of transdermal patch.GM loaded PLGA NPs were 

prepared and then incorporated to the baking layer. The NPs were characterized by similar 

parameters except AFM and XRD. The prepared transdermal patches were itself characterized 

by shine, elasticity, homogeneity weight variations, thickness, folding endurance, content 

uniformity, flatness, percentage erosion and percentage swelling due to moisture uptake. 

Best selected formulations from oral and transdermal patch were subjected to in vitro 

dissolution studies. The formulation showed best release profile were then administered to the 

rabbits according to the experimental design. Blood sampling were done and plasma drug 

concentrations were determined by using microbiological assay (standard curve with 
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correlation coefficient 0.95 was used). The concentration and time profile was used to 

determine pharmacokinetic parameters by using APO software.  

In case of oral formulation, maximum concentration of drug was achieved at 2 hour time period 

followed by decrease in concentration. Other parameters were area under the curve (AUC) 

43.2 ± 2.16 h.mg/L, volume of distribution (Vd) 1.54 ± 0.25 L, clearance (Cl) 0.22 ± 0.012 

L/h, half-life phase-1 (t1/2α) 0.59 ± 0.12 h, half-life phase-2 (t1/2β) 6.23 ± 0.53 h, mean residence 

time (MRT) 11.22 ± 0.42 h, time to reach maximum concentration (Tmax) 2.56 ± 0.09 h and 

maximum concentration (Cmax) was 3.49 ± 0.10 mg/L. In case of transdermal patch, mean  ± 

SEM values for area under the curve (AUC) was 48.61 ± 0.84 h.mg/L, clearance (Cl) 0.45 ± 

0.01 L/h, volume of distribution (Vd) 4.48 ± 0.48 L, half-life phase-1 (t1/2α) 0.93 ± 0.09 h, half-

life phase-2 (t1/2β) 8.52 ± 0.61 h, mean residence time (MRT) 12.98 ± 0.64 h, time to reach 

maximum concentration (Tmax) 2.58 ± 0.13 h and maximum concentration (Cmax) was 4.13 

± 0.07 mg/L. 

Finally the safety studies of both the nanoparticle based formulations were carried out by 

taking healthy rabbits as placebo. Hematological, biochemical parameters, including LFT’s 

(ALT and AST) and kidney function tests (creatinine and blood urea nitrogen), liver and kidney 

organ to body weight ratio along with histo-pathological studies of liver and kidney were 

carried out. There were no significant changes observed in the hematological parameters like 

blood cells count (RBCs, WBCs, and platelets), hemoglobin, and erythrocyte indices (MCV, 

MCH and MCHC). Similarly, LFTs and kidney function tests showed no significant variations 

among the treatment groups versus healthy control. Histo-pathological studies were also 

normal and showed no signs of potential toxicity. It confirmed that both formulations are very 

safe at the given dose level. 

Based upon the above information, it is concluded that nanoparticle based GM loaded PLGA 

NPs suggest a potential alternative of the commercially available parenteral dosage forms and 

can be used for the systemic drug delivery. However further studies are required to suggest 

appropriate doses and dosages in other species of animals and human. 
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APPENDIX 
 

 Two-way ANOVA, RBCs count 

   Data Set-A    
  Data 

Set-B    
  Data Set-C      Data Set-D    

  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

0.09756 

0.03626 

1.688 

 

SS 

0.05156 

0.01916 

0.8921 

51.88 

 

0 

 

 

 

 

 

P value 

> 

0.9999 

> 

0.9999 

0.5277 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.006445 

0.004791 

0.4461 

0.6918 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.009316 

F (4, 75) = 

0.006925 

F (2, 75) = 

0.6448 

 

 

 

 

 

 

 

 

 

 

P value 

P > 

0.9999 

P > 

0.9999 

P = 

0.5277 

 

2way ANOVA of Two-way ANOVA , WBCs count 

 

   Data Set-A    

  Data 

Set-

B    

  Data Set-C      Data Set-D    
  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

2.788 

0.2169 

0.7184 

 

SS 

11.32 

0.8807 

2.917 

390.9 

 

0 

 

 

 

 

 

P 

value 

0.973

3 

0.996

5 

0.756

7 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

1.415 

0.2202 

1.458 

5.212 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.2715 

F (4, 75) = 

0.04225 

F (2, 75) = 

0.2798 

 

 

 

 

 

 

 

 

 

 

P value 

P = 

0.9733 

P = 

0.9965 

P = 

0.7567 



 
 

Two-way ANOVA for Hemoglobin 
 

   Data Set-A    
  Data 

Set-B    
  Data Set-C      Data Set-D    

  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Treatment-days 

Treatment 

 

ANOVA table 

Interaction 

Treatment-days 

Treatment 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

9.118e-014 

7.598e-014 

1.520e-014 

 

SS 

3.411e-013 

2.842e-013 

5.684e-014 

374.1 

 

0 

 

 

 

 

 

P value 

> 

0.9999 

> 

0.9999 

> 

0.9999 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

4.263e-014 

7.105e-014 

2.842e-014 

4.988 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 8.548e-

015 

F (4, 75) = 1.425e-

014 

F (2, 75) = 5.699e-

015 

 

 

 

 

 

 

 

 

 

 

P value 

P > 

0.9999 

P > 

0.9999 

P > 

0.9999 

 

 

 Two-way ANOVA , MCV 

   Data Set-A    

  Data 

Set-

B    

  Data Set-C      Data Set-D    
  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

1.004 

0.2730 

1.084 

 

SS 

2.814 

0.7651 

3.038 

273.6 

 

0 

 

 

 

 

 

P 

value 

0.999

2 

0.994

8 

0.661

0 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.3517 

0.1913 

1.519 

3.648 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.09640 

F (4, 75) = 

0.05243 

F (2, 75) = 

0.4163 

 

 

 

 

 

 

 

 

 

 

P value 

P = 

0.9992 

P = 

0.9948 

P = 

0.6610 

 

 



 
 

Two-way ANOVA, MCH 

 

   Data Set-A    

  Data 

Set-

B    

  Data Set-C      Data Set-D    
  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

1.987 

1.716 

0.7051 

 

SS 

3.840 

3.316 

1.363 

184.8 

 

0 

 

 

 

 

 

P 

value 

0.990

8 

0.852

5 

0.759

1 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.4801 

0.8291 

0.6814 

2.463 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.1949 

F (4, 75) = 

0.3365 

F (2, 75) = 

0.2766 

 

 

 

 

 

 

 

 

 

 

P value 

P = 

0.9908 

P = 

0.8525 

P = 

0.7591 

 

Two-way ANOVA, MCHC 

 

   Data Set-A    
  Data 

Set-B    
  Data Set-C      Data Set-D    

  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

0.1187 

0.1191 

0.03881 

 

SS 

0.6991 

0.7016 

0.2287 

587.5 

 

0 

 

 

 

 

 

P value 

> 

0.9999 

0.9990 

0.9855 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.08739 

0.1754 

0.1143 

7.834 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.01116 

F (4, 75) = 

0.02239 

F (2, 75) = 

0.01460 

 

 

 

 

 

 

 

 

 

 

P value 

P > 

0.9999 

P = 

0.9990 

P = 

0.9855 

 



 
 

Organ to body weight ratio 
 

One-way ANOVA, Liver to body weight ratio 

   Data Set-A    

  D

ata 

Set

-B    

  Data 

Set-C    

  Data Set-

D    

  Data 

Set-E    

Table Analyzed 

 

ANOVA summary 

F 

P value 

P value summary 

Are differences among means statistically 

significant? (P < 0.05) 

R square 

 

Brown-Forsythe test 

F (DFn, DFd) 

P value 

P value summary 

Significantly different standard 

deviations? (P < 0.05) 

 

Bartlett's test 

Bartlett's statistic (corrected) 

P value 

P value summary 

Significantly different standard 

deviations? (P < 0.05) 

 

ANOVA table 

Treatment (between columns) 

Residual (within columns) 

Total 

 

Data summary 

Number of treatments (columns) 

Number of values (total) 

One-way 

ANOVA data 

 

 

0.009578 

0.9905 

ns 

No 

0.001276 

 

 

3.736 (2, 15) 

0.0482 

* 

Yes 

 

 

9.205 

0.0100 

* 

Yes 

 

SS 

1.111e-007 

8.700e-005 

8.711e-005 

 

 

3 

18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DF 

2 

15 

17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MS 

5.556e

-008 

5.800e

-006 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F (DFn, 

DFd) 

F (2, 15) = 

0.009578 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P 

value 

P = 

0.9905 

 

 

  



 
 

One way ANOVA, Average kidney to body weight ratio 

 

   Data Set-A    

  D

ata 

Set

-B    

  Data 

Set-C    

  Data Set-

D    

  Data 

Set-E    

Table Analyzed 

 

ANOVA summary 

F 

P value 

P value summary 

Are differences among means statistically 

significant? (P < 0.05) 

R square 

 

Brown-Forsythe test 

F (DFn, DFd) 

P value 

P value summary 

Significantly different standard 

deviations? (P < 0.05) 

 

Bartlett's test 

Bartlett's statistic (corrected) 

P value 

P value summary 

Significantly different standard 

deviations? (P < 0.05) 

 

ANOVA table 

Treatment (between columns) 

Residual (within columns) 

Total 

 

Data summary 

Number of treatments (columns) 

Number of values (total) 

One-way 

ANOVA data 

 

 

0.01784 

0.9823 

ns 

No 

0.002372 

 

 

3.541 (2, 15) 

0.0550 

ns 

No 

 

 

8.417 

0.0149 

* 

Yes 

 

SS 

3.333e-009 

1.402e-006 

1.405e-006 

 

 

3 

18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DF 

2 

15 

17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MS 

1.667e

-009 

9.344e

-008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F (DFn, 

DFd) 

F (2, 15) = 

0.01784 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P 

value 

P = 

0.9823 

 

  



 
 

Biochemical parameters 

Liver function tests 
 Two-way ANOVA (SGPT/ALT) 

 

   Data Set-A    
  Data 

Set-B    
  Data Set-C      Data Set-D    

  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

0.01067 

0.005952 

0.02057 

 

SS 

0.1207 

0.06733 

0.2327 

1131 

 

0 

 

 

 

 

 

P value 

> 

0.9999 

> 

0.9999 

0.9923 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.01508 

0.01683 

0.1163 

15.08 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.001000 

F (4, 75) = 

0.001117 

F (2, 75) = 

0.007716 

 

 

 

 

 

 

 

 

 

 

P value 

P > 

0.9999 

P > 

0.9999 

P = 

0.9923 

 

Two-way ANOVA, SGOT/AST 

 

   Data Set-A    
  Data 

Set-B    
  Data Set-C      Data Set-D    

  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

0.1428 

0.1634 

0.02164 

 

SS 

2.116 

2.421 

0.3207 

1477 

 

0 

 

 

 

 

 

P value 

> 

0.9999 

0.9981 

0.9919 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.2645 

0.6052 

0.1603 

19.69 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.01343 

F (4, 75) = 

0.03074 

F (2, 75) = 

0.008143 

 

 

 

 

 

 

 

 

 

 

P value 

P > 

0.9999 

P = 

0.9981 

P = 

0.9919 

 



 
 

Kidney function test 

 

Two-way ANOVA , Creatinine 

 

   Data Set-A    
  Data 

Set-B    
  Data Set-C      Data Set-D    

  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

0.07961 

0.02200 

0.03798 

 

SS 

0.001913 

0.0005287 

0.0009128 

2.400 

 

0 

 

 

 

 

 

P value 

> 

0.9999 

> 

0.9999 

0.9858 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.0002392 

0.0001322 

0.0004564 

0.03200 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.007474 

F (4, 75) = 

0.004130 

F (2, 75) = 

0.01426 

 

 

 

 

 

 

 

 

 

 

P value 

P > 

0.9999 

P > 

0.9999 

P = 

0.9858 

 

Two-way ANOVA, BUN 

 

   Data Set-A    
  Data 

Set-B    
  Data Set-C      Data Set-D    

  Data 

Set-E    

Table Analyzed 

 

Two-way ANOVA 

Alpha 

 

Source of Variation 

Interaction 

Row Factor 

Column Factor 

 

ANOVA table 

Interaction 

Row Factor 

Column Factor 

Residual 

 

Number of missing 

values 

Two-way ANOVA , not 

RM 

 

Ordinary 

0.05 

 

% of total variation 

0.009015 

0.01065 

0.005232 

 

SS 

0.01799 

0.02126 

0.01044 

199.5 

 

0 

 

 

 

 

 

P value 

> 

0.9999 

> 

0.9999 

0.9980 

 

DF 

8 

4 

2 

75 

 

 

 

 

 

P value 

summary 

ns 

ns 

ns 

 

MS 

0.002249 

0.005316 

0.005221 

2.660 

 

 

 

 

 

Significant? 

No 

No 

No 

 

F (DFn, DFd) 

F (8, 75) = 

0.0008454 

F (4, 75) = 

0.001998 

F (2, 75) = 

0.001963 

 

 

 

 

 

 

 

 

 

 

P value 

P > 

0.9999 

P > 

0.9999 

P = 

0.9980 

 



 
 

 

 

 

 

 


