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CHAPTER 1 

1.1 INTRODUCTION 

A gel can be described as a material that is malleable, consistent, or solid-like that is made up of minimum two 

components, one of which is a liquid that is existing in significant amount. Gels are a transitory state of matter 

that comprise liquid as well as solid and reliable components (sometimes referred to as semi-liquids or semi 

solids). Gels have the diffusive movement of fluids and the cohesiveness of solids. It is built using a component 

network that is three-dimensional, safe, and stable. 

 In gels, polymer network is produced by physical or chemical cross-linking of polymer chains. Physical cross-

linking implicates formation of non-covalent bonds, whereas chemical cross-linking implicates development of 

covalent bonds.  

Gels can be divided down into two distinct categories: those that are physical and those that are chemical. 

Hydrogen, electrostatic, and Van der Waals bonds are examples of weak types of bonding found in physical gels. 

Because of safety concerns regarding toxicity, there is a growing interest in chemical gels that are physically 

cross-linked. These gels are formed when strong covalent connections are formed. 

The polymeric chains that make up three-dimensional (3-D) structures are known as hydrogels. Therefore, they 

are capable of being easily formed into a wide variety of sizes and shapes. These hydrogels are a case of a kind 

of substance called a hydrophilic preparation; they have a very good capacity for absorbing liquid and may change 

between a liquid and a gel state. Hydro-gels are made up of cross-links, which allow them to hold a significant 

quantity of air while also retaining a large quantity of water and other biological liquids, which causes them to 

swell.  

Additionally, hydrogels can be divided into two distinct categories, namely in-situ gels besides preformed 

hydrogels.2 In-situ gels are solutions or suspensions that go through the process of gelation after reaching a 

particular spot. This can be caused by contact with body fluids or physicochemical alterations e.g. alteration of 

ionic concentration, temperature, pH, the presence of certain ions or molecules, external triggers, UV radiation 

etc. It is well known to prolong amount of time that the medicine is active in the mucosa. By prolonged the 

release of a medication, in-situ gel produces a consistent plasma drug profile in body. This is accomplished by 

ensuring that medication is linked to and absorbed in gel form. This method is used to produce a constant plasma 

drug profile. 
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 As was indicated previously, drug delivery systems that have features of being able to transition from a solution 

to a gel state can find widespread application in the preparation of vehicles for sustained administration of 

bioactive compounds. In-situ gels potentially employed for buccal, oral, parenteral, transdermal, subcutaneous, 

nasal, ophthalmic, intraperitoneal, vaginal, and rectal routes.  

From the perspective of the manufacturing process, this results in fewer complications, which in turn reduces the 

amount of money invested and the costs of production. Gel formulations are employed during discovery phase to 

enhance systemic as well as local exposure of potential lead compounds. This is beneficial for generating animal 

models for a variety of ailments in a cost-effective and time-dependent manner. In spite of the enormous variety 

of gels, one category of gels in particular, known as smart polymer gels, has been the primary focus of study in 

pharma industry over previous few decades.  

Physicochemical properties of these intelligent polymers are able to shift in response to alterations in their 

surrounding environment. Latest developments in in situ gel technology have made it possible to capitalize on 

variations in physiological distinctiveness. In-situ gels, which have developed as one of the best Noval drug 

delivery systems, have been subject of exhaustive research in the process of creating them. In this review, the 

authors mainly focused their attention on the following topics: introduction, disadvantages, advantages, 

applications, assessment, approaches, suitable polymer characteristics, in addition to marketing items relating to 

in-situ gels. In addition to this, they concentrated on a number of research that was previously published and 

recent developments regarding in-situ gels. 

 Preformed gels, also known as preformed particle gels (PPG), are basic viscous solutions, which are unable to 

change in any way after they have been administered. PPG is a revolutionary process aimed to solve some 

distinctive limitations which are characteristic to in-situ gelation system. PPG is a super absorbent cross-linking 

polymers that has the ability to swell to as much as two hundred times its initial size in addition to its ability to 

control compliance by operating as a fluid-diverting agent. Using preformed gels is the best way to combat 

variations in gel composition, deterioration, a lack of control over the gelation time, as well as various other 

disadvantages. However, diluting it with water causes it to have an error in its ocular dosage form. This problem 

exhibits itself as a less accurate dose, lacrimation, and other side effects like blurred vision. Prior to injection 

through the reservoir, preformed polymers are formed on the surface.  

As a result, gelation, and this fact needs to be taken into consideration along with other factors such as 

temperature, salinity, pH, hydrogen sulphide, multivalent ions, as well as shear rate. 

 1.2 ANATOMY AND PHYSIOLOGY OF THE HUMAN EYE 

 Human eye is the most crucial and delicate organ in the body. Lens, cornea, and vitreous body are translucent 

structures devoid of blood vessels. The nonvascular tissues receive oxygen (O2) and nourishment through 

aqueous humour. Aqueous eye fluid has a high level of O2 and a similar osmotic pressure to human blood.  

The cornea obtains oxygen from the external atmosphere and has many free nerve endings. Cornea transitions 

into the opaque sclera, which is composed of durable fibrous structures. The cornea and sclera endure the intra-

ocular tension that is consistently upheld in the human eye.  

The human eye is regularly washed and lubricated by lachrymal apparatus, consisting of 4 parts: Lachrymal 

glands, lachrymal sac, lachrymal canals, and nasolacrimal duct.  

Tear fluid produced by lachrymal glands is released onto surface of conjunctiva of upper eyelid at a rate of 16% 

per minute. It flows over eyeball and is cleared by blinking movement of eyelids. Eye parts are constantly 

moistened by a moderate flow of tear fluid to prevent them from drying out. Human tear fluid contains 7µL and 

is an isotonic solution of bicarbonate and Nacl with a pH range of 6.5-7.6. Its purpose is to dilute irritants and 

remove foreign particles from the conjunctival sac.  
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It includes lysozyme, which decreases number of germs in conjunctival sac due to its antibacterial effect. Blinking 

frequency varies significantly across individuals, averaging around 20-25 blinks per minute. The eyelids close for 

about 0.3 seconds during each blink.  

 

Figure 1.1: Anatomy of human eye. 

1.3 IN-SITU GELLING SYSTEM 

 Environmental influences such as pH fluctuations, variations in ionic concentration, temperature changes, 

osmolarity shifts, and exposure to radiation. The formulation can transition from a liquid state to a gel state. Shift 

from solution stage to gel stage due to the reasons indicated is referred to as an in-situ gelling technique. The in-

situ gel is a valuable strategy for enhancing bioavailability of formulations that are prone to being quickly washed 

away from their administration site, such as eye drops or nasal drops. 

 1.3.1 Advantages  

1. Usually more pleasant than insertion that is soluble or insoluble.  

2. superior sharpness of vision over ointment.  

3. Enhanced bioavailability resulting from prolonged pre-corneal residence time.  

4. Decreased outflow of the medication through the nasolacrimal duct reduces systemic absorption and minimizes 

unpleasant side effects.  

5. The medicine's impact lasts for a long time, thus there is no need for regular administration of the drug.  

1.4 Approaches for In-situ Gel Drug Delivery 

1.4.1 Temperature triggered in-situ gel:  

The temperature-triggered in-situ gelling system is a well-researched method that can be applied to the eyes as a 

solution and solidify into a gel at the temperature just before the cornea (36°C). To prevent the need for 

refrigeration prior to use, it is advisable for the gelation temperature to be higher than room temperature. Examples 

comprise poloxamers, chitosan, tectonics, xyloglucans, and HPMC. These polymers are anticipated to have strong 

adhesion and gelling capabilities, making them ideal for extended drug administration to the eye's surface. 

http://www.ijnrd.org/


 © 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2508044 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 

a416 

  

 

Figure 1.2: Mechanism of Temperature triggered in-situ gel. 

1.4.2 pH-triggered in-situ gel 

“pH-responsive in-situ gelling systems undergo gelation in response to a pH shift. At pH 5.5, the preparations are 

in sol form, but they transition to gel formation at pH 7.4, which is pH of tear fluid. pH-sensitive polymers are 

polyelectrolytes that have acidic or basic groups capable of accepting or releasing a proton based on the 

environment. The pH-triggered in-situ gel formulation is stable, non-irritating, and efficient. It delays the release 

of medicine for a longer period. 

 

Figure 1.3: Mechanism of pH-triggered in-situ gel. 
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1.4.3 Ion activated system: 

 “The gel transition process is triggered by the presence of monovalent or divalent ions like Na+ and Ca2+. 

Additional factors affecting the phase transition include polysaccharide concentration, preparation temperature, 

and type and concentration of cations. Examples include gellan gum, sodium alginate, carrageenans, etc” 

 

Figure 1.4: Mechanism of Ion activated in-situ gel system. 

1.5 Composition of the in-situ ophthalmic gelling system  

i. Polymer 

 Polymers play a crucial function in facilitating release of medicines from their dosage form. The polymeric in-

situ gelling method offers prolonged medication release compared to a traditional ocular administration device. 

A variety of natural, synthetic, and semi-synthetic polymers are created specifically for the controlled release of 

a medicine. 

ii. Permeation enhancers 

 Permeation enhancers temporarily boost the permeability of natural membranes to aid in medication penetration 

through various tissues such as cornea, skin, and diverse epithelia like buccal, nasal, intestinal, and rectal. 

Permeation enhancers are believed to aid in formulating ophthalmic medicines to enhance drug's therapeutic 

effects or achieve same results with a lower concentration of active medicinal ingredients.  

iii. Preservative  

The preservative is an important ingredient of ophthalmic preparations, providing antimicrobial activity in the 

container and preventing the decomposition of active pharmaceutical ingredients. The most common 

preservatives in ophthalmic formulations are listed below: 

  Benzalkonium chloride (BKC), 

  Benzalkonium chloride (BKC)-50 % solution, 

 Chlorobutanol, sodium perborate,  

 Stabilized oxychloro complex (SOC).  
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iv. Buffer 

      Buffers are substances that maintain a stable pH when a little amount of base or acid is added. Buffer systems 

typically consist of a weak acid or basic and its conjugate salt. Both components interact to cause minimal pH 

changes in the formulation when base or acid is added.  

v. Vehicle 

Vehicle is major part of the in-situ gel. A commonly used vehicle is purified water. 

Table 1.1: Marketed preparations of ophthalmic in-situ gel. 

 

 

1.6 Ocular Herpes (Herpes Simplex Eye Infection) 

Ocular herpes, also known as herpes simplex keratitis, is an eye infection caused by the herpes simplex virus 

(HSV), primarily HSV-1, which is the same virus responsible for cold sores. It can affect various parts of the eye, 

including the eyelid, conjunctiva, cornea, and, in severe cases, the retina and optic nerve. The infection typically 

recurs, with symptoms such as redness, eye pain, tearing, blurred vision, sensitivity to light (photophobia), and 

the sensation of a foreign body in the eye. 

The most common form is epithelial keratitis, where the virus infects the outermost layer of the cornea. Stromal 

keratitis, a more serious condition, involves deeper corneal layers and can lead to vision loss due to scarring. The 

infection can be triggered by stress, sunlight, or a weakened immune system. 

Diagnosis is made clinically, often supported by fluorescein staining or PCR testing. Treatment involves antiviral 

medications such as acyclovir or ganciclovir, either topical or oral, depending on the severity. Corticosteroids 

may be used cautiously in stromal disease under close medical supervision. Recurrent infections increase the risk 

of complications, making prompt treatment and preventive measures essential for preserving vision. 
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1.6.1 Ocular Herpes: Pathogenesis, Clinical Manifestations, Diagnosis, and Management 

Introduction 

Ocular herpes, also known as herpes simplex eye disease or herpes simplex keratitis, is a recurrent viral eye 

infection caused predominantly by the herpes simplex virus type 1 (HSV-1), and less commonly by type 2 (HSV-

2). HSV-1 is responsible for most oral herpes infections and is the primary pathogen involved in ocular 

involvement. It is a leading cause of infectious blindness in developed countries. The recurrent nature of the 

disease and its potential to affect various parts of the eye make it a significant concern in ophthalmology. This 

article provides a detailed overview of the pathogenesis, clinical features, diagnostic approaches, and therapeutic 

strategies for ocular herpes. 

Herpes simplex virus is an enveloped, double-stranded DNA virus belonging to the Herpesviridae family. 

Transmission often occurs during childhood through close contact with an infected individual. Following primary 

infection, the virus establishes latency in the trigeminal ganglion and may reactivate in response to triggers such 

as fever, ultraviolet light exposure, trauma, stress, or immunosuppression. 

During reactivation, the virus travels down the ophthalmic branch of the trigeminal nerve to infect the corneal 

epithelium or deeper ocular structures. The resulting inflammation and immune response can lead to tissue 

damage, recurrent disease, and scarring, which may culminate in visual impairment. 

Clinical Manifestations 

Ocular herpes can present with a wide range of symptoms depending on the ocular structures involved. It is 

categorized into different forms: 

1. Herpes Simplex Blepharitis 

This form affects the eyelids, typically presenting as vesicular lesions on the lid margins. It may resemble impetigo 

or other dermatologic conditions but is often self-limiting. 

2. Herpes Simplex Conjunctivitis 

This condition involves inflammation of the conjunctiva and may resemble viral conjunctivitis caused by 

adenoviruses. It usually presents with redness, tearing, and irritation. Follicular conjunctivitis is commonly seen 

in this type. 

3. Epithelial Keratitis 

The most common and classic presentation, epithelial keratitis results from viral replication in the superficial 

corneal epithelium. It is characterized by: 

 Dendritic ulcers: Branching lesions with terminal bulbs visible on fluorescein staining. 

 Geographic ulcers: Larger, irregular epithelial defects that may follow dendritic ulcers. 

 Symptoms: Pain, photophobia, tearing, blurred vision, and foreign body sensation. 

4. Stromal Keratitis 

This is a more severe and vision-threatening form involving deeper layers of the cornea. There are two types: 

 Non-necrotizing stromal keratitis: Immune-mediated, with minimal active viral replication. Presents with 

stromal haze, edema, and decreased vision. 

 Necrotizing stromal keratitis: Associated with active viral replication and intense inflammation, leading to 

corneal melting and perforation if untreated. 
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5. Endothelitis 

Also called disciform keratitis, this involves inflammation of the corneal endothelium and results in stromal 

edema. It may present with a central area of stromal haze and keratic precipitates. Visual acuity is often reduced. 

6. Uveitis 

Anterior uveitis caused by HSV can occur independently or with keratitis. It presents with eye pain, photophobia, 

blurred vision, and may include elevated intraocular pressure (IOP). 

7. Retinitis (Acute Retinal Necrosis) 

Although rare, HSV can cause acute retinal necrosis (ARN), particularly in immunocompromised individuals. It 

leads to retinal inflammation, necrosis, and potentially retinal detachment, often with a poor visual prognosis. 

Epidemiology 

Ocular herpes affects individuals globally, with an estimated incidence of 5 to 15 cases per 100,000 people per 

year. The primary infection usually occurs during childhood, often asymptomatically. Recurrent ocular disease 

occurs in up to 40-50% of individuals within 10 years of the first episode. Risk factors for recurrence include 

immunosuppression, trauma, surgery, and exposure to UV light. 

Diagnosis 

Clinical Evaluation 

The diagnosis is often clinical, based on characteristic symptoms and corneal findings: 

 Slit-lamp examination 

 Fluorescein staining for epithelial defects 

 Observation of dendritic or geographic ulcers 

Laboratory Tests 

In atypical or severe cases, laboratory testing is helpful: 

 Polymerase Chain Reaction (PCR): Highly sensitive and specific; detects viral DNA in tear film or corneal 

scrapings. 

 Viral culture: Confirms active viral presence but has a slower turnaround time. 

 Direct Fluorescent Antibody Test (DFA): Useful for identifying HSV antigen. 

 Serology: Not commonly used for acute diagnosis but may indicate past exposure. 

Differential Diagnosis 

 Adenoviral keratitis 

 Herpes zoster ophthalmicus 

 Fungal keratitis 

 Bacterial keratitis 

 Acanthamoeba keratitis 

Accurate diagnosis is crucial because the treatment of HSV keratitis is vastly different from another infectious 

keratitis. 
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Treatment 

The mainstay of therapy for ocular herpes is antiviral medication. Treatment varies depending on the site and 

severity of infection. 

1. Epithelial Keratitis 

 Topical antivirals: 

o Ganciclovir 0.15% gel: Applied 5 times daily. 

o Trifluridine 1% drops: Effective but associated with ocular toxicity. 

o Acyclovir ointment: Commonly used outside the U.S. 

 Oral antivirals: 

o Acyclovir 400 mg five times daily for 7–10 days. 

o Valacyclovir 500 mg 2–3 times daily. 

Topical corticosteroids are contraindicated in epithelial keratitis as they may worsen the infection. 

2. Stromal Keratitis and Endothelitis 

 Topical corticosteroids (e.g., prednisolone acetate 1%) are used to control inflammation but must be co-

administered with antiviral agents to prevent viral replication. 

 Oral antivirals are critical to reduce recurrence and treat active viral replication. 

3. Uveitis and Retinitis 

 Oral or intravenous antivirals, depending on the severity. 

 Topical corticosteroids for inflammation. 

 IOP-lowering agents if intraocular pressure is elevated. 

 Retinal detachment surgery in case of retinal necrosis. 

 

Prophylaxis 

Chronic suppressive therapy may be indicated for patients with frequent recurrences or immunocompromised 

individuals: 

 Acyclovir 400 mg twice daily 

 Valacyclovir 500 mg once daily 

Long-term use can significantly reduce the risk of recurrence and complications. 

Complications 

 Corneal scarring 

 Vision loss 

 Secondary bacterial infections 

 Glaucoma from uveitis or steroid use 
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 Corneal neovascularization 

 Corneal perforation in necrotizing disease 

Surgical Intervention 

Surgical procedures are reserved for cases with structural damage or vision-threatening complications: 

 Corneal transplantation (PKP/DALK): For visual rehabilitation in scarred corneas. 

 Amniotic membrane transplantation: For non-healing epithelial defects. 

 Glaucoma surgery: If medical therapy fails in controlling IOP. 

 Vitrectomy: In retinal necrosis with vitreous inflammation or retinal detachment. 

Recent Advances 

Recent research focuses on novel antiviral therapies, gene editing, and immunomodulation: 

 CRISPR-Cas9 technology is being explored to target latent HSV in neuronal tissue. 

 Therapeutic vaccines are in development to reduce recurrence. 

 Biologic agents targeting immune pathways involved in stromal inflammation. 

 Nanocarriers and ocular inserts for sustained drug delivery. 

Prevention 

There is no available vaccine for HSV; however, preventive strategies include: 

 Avoiding contact with infected individuals during active outbreaks. 

 Using protective eyewear in sunlight to reduce UV-induced reactivation. 

 Managing systemic immunosuppressive conditions. 

 Compliance with prophylactic antiviral therapy in high-risk patients. 

Conclusion 

Ocular herpes remains a significant cause of visual morbidity worldwide. The disease is characterized by recurrent 

episodes that can affect various ocular tissues, from superficial epithelium to deeper stromal and retinal layers. 

Early diagnosis and appropriate antiviral therapy are essential to minimize complications. The role of 

corticosteroids must be carefully balanced with antiviral use, especially in stromal and uveal disease. Long-term 

prophylaxis and patient education can reduce the frequency and severity of recurrences. Ongoing research in gene 

therapy, vaccines, and advanced drug delivery systems offers hope for more effective future management. 

 

1.7 SELECTION OF DRUG 

 Rationale:  

Moxifloxacin hydrochloride is an antibiotic that inhibits bacterial DNA replication, leading to the eradication and 

prevention of bacterial infections. Moxifloxacin hydrochloride work together to inhibit the spread of redness, 

allergies, inflammation, and bacterial infection in the eyes.  

As eye drops suffer from the disadvantage of less bioavailability of drugs, moxifloxacin and dexamethasone in-

situ ocular gel will provide augmented residence time in addition to better bioavailability. 
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Study: Recent review 2025 emphasizing nano-gels including moxifloxacin against HSV.  

 

CHAPTER 3 

3.1 AIM AND OBJECTIVE 

Moxifloxacin hydrochloride is an antibiotic that inhibits bacterial DNA replication, leading to the eradication as 

well as prevention of bacterial infections. dexamethasone sodium phosphate is a steroid that lowers inflammation 

and associated symptoms by suppressing prostaglandins, which are natural substances that induce inflammation.  

Moxifloxacin hydrochloride   inhibits the spread of redness, allergies, inflammation, and bacterial infection in the 

eyes. Ophthalmic solutions face the challenge of not being able to achieve and sustain the ideal medication 

concentration at the targeted spot in the eye since they quickly dilute upon application and are easily washed 

away. These issues can be addressed with eye ointments and gels, but their limited ease of administration and 

potential for obscured vision hinder their effectiveness and lead to low patient compliance.  

To address the issue of rapid loss of dosage form at site of application, one solution is to create medicine as a 

formulation that quickly forms a gel upon delivery to the eye. They would gel due to physico-chemical changes 

caused by the eye's physiological qualities after being applied. This would extend amount of time medicine 

remains in pre-corneal area, potentially enhancing its bioavailability. 

 The current research aims to create an in-situ ocular formulation of moxifloxacin HCL to address issue of dosage 

form staying in intended action site.  

Our study aimed to create as well as assess an in-situ ocular gel comprising moxifloxacin hydrochloride. 

Two different approaches are used to develop in-situ ocular gel. 

1. Concentration of Kolliphor 407 as gelling agent in different ratio are used. 

2. Concentration of HPMC K100 as viscosity enhancer in different ratio are used. 

Combined influence of both Kolliphor 407 and HPMC K100 to be assessed on quality attributes of the prepared 

moxifloxacin HCL in-situ ocular gel. 

 

 

 

CHAPTER 4 

4.1 PLAN OF WORK  

In order to achieve the goals, the work is sub-divided as follow:  

4.1 Pre-formulation study of moxifloxacin HCL and polymer 

 4.1.1 Identification of moxifloxacin HCL by IR spectroscopy. 

 4.1.2 Determination of melting point by capillary method using melting point apparatus. 

4.1.3 Analytical study of moxifloxacin HCL by UV spectroscopy.   

4.2 Formulation development of moxifloxacin HCL in-situ ocular gel 

 4.2.1 Preparation of moxifloxacin HCL in-situ ocular gel. 

 4.2.2 Evaluation of the prepared moxifloxacin HCL in-situ ocular gels . 
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4.2.3 Drug release kinetics. 

4.2.4 In-vitro characterization. 

 

CHAPTER 5 

5.1 MATERIALS AND METHODS 

5.1 Drug Profile 

1. Generic Name: 

Moxifloxacin Hydrochloride 

2. Brand Names: 

Avelox®, Vigamox®, Moxeza® 

3. Drug Class: 

Fluoroquinolone antibiotic (4th generation) 

4. Chemical Name: 

1-Cyclopropyl-7-(2,8-diazabicyclo[4.3.0]non-8-yl)-6-fluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid hydrochloride 

5. Molecular Formula: 

C21H24FN3O4 · HCl 

6. Molecular Weight: 

437.9 g/mol (as hydrochloride salt) 

7. Structure: 

Fluorinated quinolone nucleus with a methoxy group at position 8 and a diazabicyclononyl ring at position 7 — 

confers broad-spectrum activity. 

8. Mechanism of Action: 

Moxifloxacin inhibits DNA gyrase (topoisomerase II) and topoisomerase IV, enzymes essential for bacterial DNA 

replication, transcription, and repair. Inhibition leads to bacterial cell death. 

Effective against Gram-positive, Gram-negative, anaerobic, and atypical bacteria. Also shows anti-inflammatory 

and immunomodulatory properties. 

9. Indications (Ophthalmic Use): 

 Bacterial conjunctivitis 

 Keratitis 

 Blepharitis 

 Post-operative infection prophylaxis 

 Adjunct treatment in secondary bacterial infection in viral/herpetic eye disease 

10. Dosage Forms: 

 Ophthalmic solution (0.5%) – Vigamox® 
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 Ophthalmic gel, nano emulsion, in-situ gel (experimental/formulation-based) 

11. Dosage & Administration (Ophthalmic): 

 Instill 1 drop in the affected eye(s) 2–3 times daily for 5–7 days. 

 Avoid touching the dropper tip to eye or any surface. 

12. Pharmacokinetics: 

Table 5.1: Pharmacokinetic Drug Profile. 

Parameter Value (Ophthalmic Route) 

Absorption Minimal systemic absorption (~1%) 

Tmax ~0.25–1 hr (ocular tissues) 

Half-life ~12 hrs (systemic); ocular half-life varies 

Protein Binding ~45% 

Excretion Urine (20%), feces (25%) 

13. Side Effects (Ocular): 

 Transient burning/stinging 

 Dryness 

 Blurred vision 

 Eye irritation or itching 

 Rare: hypersensitivity or allergic reaction 

14. Contraindications: 

 Hypersensitivity to moxifloxacin or other quinolones 

15. Precautions: 

 Use cautiously in pregnancy and lactation (FDA Category C) 

 Avoid contact lens use during active infection 

 Avoid long-term use to reduce resistance 

16. Storage: 

 Store at 15°C–25°C 

 Protect from light and contamination 

17. Use in Ocular Nano formulations: 

 Formulations: Nanogels, nano emulsions, in-situ gels, NLCs, cubogels 

 Benefits: 

1. Enhanced corneal retention and permeability 

2. Sustained drug release 

3. Minimized systemic exposure 
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4. Reduced dosing frequency 

 Common polymers used: Chitosan, poloxamer 407, Carbopol, HPMC 

 

 

Table 5.2: List of types of equipment and instruments used. 

 

5.2 Preformulation study 

5.2.1 Physical appearance 

Table 5.3. Organoleptic Properties. 

Property Observation 

Appearance Yellowish crystalline powder 

Odor Odorless 

Taste Bitter (not applicable for ocular) 

Solubility Freely soluble in water; soluble in methanol, slightly soluble in ethanol 

 

5.2.2 Melting Point 

By capillary method: The melting point of moxifloxacin HCL and dexamethasone sodium phosphate was 

determined by a capillary method utilizing melting point apparatus. One capillary was taken and sealed at one 
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end using flame of gas burner. Moxifloxacin HCL and dexamethasone sodium phosphate were inserted separately 

in a sealed capillary. Capillary was placed in melting point apparatus and observed melting point. 

5.2.3 UV-Visible Absorption 

To construct a calibration curve of Moxifloxacin Hydrochloride in a selected solvent (commonly distilled water 

or phosphate buffer pH 7.4) using UV-Visible spectrophotometry. 

 Prepare a stock solution of moxifloxacin hydrochloride (e.g., 10 μg/mL). 

 Scan the solution between 200–400 nm. 

 Note λmax – typically found around 293–296 nm (may vary slightly based on solvent). 

 Use this wavelength for further measurements. 

 Preparation of Stock Solution: 

 Stock Solution A (1000 µg/mL): 

 Weigh 10 mg of moxifloxacin hydrochloride. 

 Dissolve in 10 mL of distilled water or phosphate buffer in a 10 mL volumetric flask. 

 

7. Preparation of Working Standard Solutions: 

 Prepare serial dilutions to get a concentration range typically between 2 to 20 µg/mL: 

Table 5.4: Serial dilution of moxifloxacin hydrochloride. 

Aliquot from Stock A (mL) Dilute to 10 mL Final Concentration (µg/mL) 

0.2 mL 10 mL 2 

0.4 mL 10 mL 4 

0.6 mL 10 mL 6 

0.8 mL 10 mL 8 

1.0 mL 10 mL 10 

2.0 mL 10 mL 20 

8. Procedure 

 Measure the absorbance of each prepared dilution at λmax (≈ 294 nm) using a UV-Vis spectrophotometer. 

 Use the blank (distilled water or buffer) to calibrate the instrument. 

9. Plotting the Calibration Curve: 

 On graph paper or using software (Excel/GraphPad): 

 X-axis → Concentration (µg/mL) 

 Y-axis → Absorbance 

 A straight line indicates a good linear relationship (obeying Beer-Lambert's Law). 

10. Results & Calculations: 

 Calculate the regression equation: Y = mX + C 

 Y = Absorbance, X = Concentration 

 Record: 

 Slope (m) 

 Intercept (C) 

 Correlation coefficient (R²) – should be ≥ 0.998 
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Figure 5.1: Standard curve of Moxifloxacin HCL. 

 The calibration curve for Moxifloxacin Hydrochloride at approximately 294 nm, showing a linear relationship 

between concentration (µg/mL) and absorbance.  

 

5.2.4 Viscosity by Brookfield viscometer 

For Pre-Gel (Sol) State: 

1. Pour ~50–100 mL of the in-situ gel solution (before gelation) into a clean beaker. 

2. Maintain temperature at 25°C using a water bath or ambient condition. 

3. Place the appropriate spindle into the sample without touching the bottom. 

4. Set the rotational speed (e.g., 10, 20, 50 rpm). 

5. Allow the reading to stabilize (30–60 seconds). 

6. Record the viscosity in cP (centipoise). 

7. Repeat at multiple speeds to observe shear-thinning behavior (if applicable). 

For Post-Gel (Gel) State 

1. Heat the sample to 37°C to simulate ocular temperature (or add simulated tear fluid/pH buffer if gelation is 

trigger-based). 

2. Allow full gelation for 5–10 minutes. 

3.  Repeat the viscosity measurements at different shear rates (10–100 rpm). 

4. Record data and note any shear-thinning or thixotropic behavior. 

5.2.5 Zeta potential 

Zeta potential is the electrostatic potential at the slipping plane of particles dispersed in a medium. It reflects 

the surface charge and affects physical stability by resisting aggregation. Values above ±30 mV generally 

indicate good stability. 

  Take a small volume (~2–3 mL) of the nanoformulation in liquid state (before gelation). 

 If viscous or gel-like: 

 Dilute with deionized water or isotonic buffer (e.g., 1:10). 

 Sonicate gently for 2–5 minutes to ensure uniform dispersion (do not overheat). 

  Filter through 0.45 or 0.22 µm syringe filter (if necessary) to remove aggregates or dust. 

 Ensure the final sample is clear and free-flowing. 

Procedure: 

1. Turn on the zeta potential analyzer and allow the system to stabilize. 

2. Load the sample into the folded capillary cell using a clean syringe (no air bubbles). 
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3. Place the cell in the instrument. 

4. Set sample details (viscosity, refractive index, dispersant). 

5. Start the measurement. 

6. Record the zeta potential value (in mV). 

7. Repeat for 3 replicates to confirm reproducibility. 

 

 

 

 

 

 

5.2.6 Encapsulation efficiency 

Procedure: 

A. Sample Preparation 

1. Prepare your in-situ gel nanoformulation (before gelation if possible). 

2. Ensure uniform mixing and homogeneity of the formulation. 

 

B. Separation of Free Drug 

Method 1: Centrifugation (most common) 

1. Transfer 5 mL of the in-situ gel formulation into a centrifuge tube. 

2. Centrifuge at 12,000–15,000 rpm for 30–45 minutes at 4°C. 

3. After centrifugation: 

Pellet = drug-loaded nanocarriers 

Supernatant = unentrapped (free) drug 

 Spin at 5000 rpm for 30 min. 

 Collect filtrate as unentrapped drug. 

 

C. Drug Quantification 

1. Dilute the supernatant appropriately with buffer or methanol. 

2. Measure absorbance at λmax ~294 nm using UV-Vis or analyze via HPLC. 

3. Use a previously prepared calibration curve to calculate the concentration of free drug (Cf). 

 

6. Calculation: 

Encapsulation Efficiency (%) 

{EE%} = {C_t - C_f}{C_t} \ \times 100  

Where: 

Ct = Total drug added during formulation 

Cf = Free (unencapsulated) drug in supernatant 

 5.2.7 FTIR Spectroscopy 

 Used to identify functional groups and monitor drug-excipient interactions 

 Key peaks: 

 ~1700 cm⁻¹ (C=O stretching) 

 ~3400 cm⁻¹ (O–H, N–H stretching) 

 No shift in characteristic peaks indicates compatibility with polymers like chitosan, HPMC, poloxamer 

5.2.8 Differential scanning colorimetry’s  

1. Turn on the DSC instrument and allow it to stabilize. 

2. Load the sample pan and reference pan into the respective holders. 
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3. Set the method parameters (start temp, end temp, heating rate). 

4. Start the scan. 

5. Observe the DSC thermogram (graph of heat flow vs. temperature). 

6. Record the melting point (Tm), glass transition (Tg), or decomposition temperature if applicable. 

 

5.2.9 In-vitro drug release kinetics 

The in-situ gel is placed in a diffusion setup (usually a dialysis membrane or Franz diffusion cell). The amount of 

drug released into the receptor medium (e.g., phosphate buffer pH 7.4) is sampled at intervals and analysed using 

a UV spectrophotometer at the drug’s λmax (~294 nm for moxifloxacin). 

A. Sample Loading (Dialysis Bag Method): 

1. Soak dialysis membrane in buffer overnight. 

2. Seal one end and fill ~2–3 mL of the in-situ gel (preferably pre-gelled). 

3. Seal the other end of the membrane to form a bag. 

4. Immerse the bag into 100 mL of phosphate buffer in a beaker. 

5. Maintain the temperature at 37°C using a water bath or magnetic stirrer with heating. 

6. Stir gently to simulate tear fluid movement. 

 

B. Sampling: 

1. At predetermined intervals (e.g., 0.5, 1, 2, 3, 4, 5, 6, 8, 12, 24 h), withdraw 1 mL of buffer from the release 

medium. 

2. Replace it immediately with 1 mL of fresh pre-warmed buffer to maintain sink conditions. 

3. Filter the withdrawn sample using a 0.22 µm or 0.45 µm syringe filter. 

4. Measure the absorbance at 294 nm using a UV-Vis spectrophotometer. 

C. Calculations: 

 Use the calibration curve to determine the drug concentration in each sample. 

 Calculate cumulative drug release at each time point. 

 Plot a graph of: 

o % Drug released vs. Time 

o Log cumulative % drug remaining vs. Time 

o Higuchi or Korsmeyer-Peppas models. 

 

5.2.10 Table 5.5: Formulation table 

S.NO Ingredients F1 F2 F3 F4 

1.  MOXIFLOXACIN 

HYDROCHLORIDE 

0.5 0.5 0.5 0.5 

2.  HPMC K1OO 2 2.5 3 3.5 

3.  KOLIPHOR 407 2 3 4 5 

4.  BENZALKONIUM 

CHLORIDE 

0.02 0.02 0.02 0.02 

5.  METHANOL 30  30 30 30 

6.  SODIUM CHLORIDE 0.9 0.9 0.9 0.9 

7.  PURIFIED WATER Q. S Q. S Q. S Q. S 

 

Preparation of in situ gel 

The polymeric solution was prepared by dispersing required quantity of sodium alginate as main polymer and 

HPMC K100 and Koliphor 407 as co-polymers in water using a magnetic stirrer until the polymers completely 

dissolve. Aqueous solution of moxifloxacin hydrochloride was added in to the polymeric solution with continuous 

stirring. Buffering and osmolality agents were added to the resulting solution along with benzalkonium chloride. 

The pH of the solution was adjusted to 6.5 using 0.1 N NaoH/0.1 N HCl. 
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5.2.11 Gelling capacity 

Gelling capacity 

The gelling capacity of the prepared formulation was determined by placing a drop of the formulation in a vial 

containing 2 ml of freshly prepared simulated tear fluid and visually observed. The time taken for its gelling was 

noted. 

 

CHAPTER 6 

RESULT AND DISCUSSION 

6.1 Physical appearance 

The physical appearance of moxifloxacin hydrochloride was found to be transparent in colour. 

6.2 Melting point 

The melting point of moxifloxacin hydrochloride was found to be 325·C by capillary method. 

6.3 Calibration curve of Mixofloxacin HCL 

Table 6.1: Calibration curve of Mixofloxacin HCL. 

S.NO CONCENTERATION(UG/ML) ABSORBANCE AT 288 NM 

1. 10 0.122 

2. 20 0.243 

3. 30 0.364 

4. 40 0.485 

5. 50 0.608 

 

 

 
Figure 6.1: Calibration curve of Mixofloxacin HCL. 

 

6.4 pH  

The pH of various formulation was checked by pH digital meter and reading are mentioned below: 

Table 6.2: pH of various formulation. 

S.NO pH F1 F2 F3 F4 

1.  MOXIFLOXACIN 

HYDROCHLORIDE 

6.12 6.35 6.4 6.5 
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Figure 6.2: pH of formulations F1 – F4. 

 

6.5 Viscosity by Brookfield viscometer at room temperature 

The viscosity of various formulations was checked by Brookfield viscometer and mentioned below: 

Table 6.3: Before gel (viscosity in cps) at room temperature. 

S.NO F1 F2 F3 F4 

1 150 210 305 385 

 

 

 

Figure 6.3: Viscosity of formulations F1 – F4 before gel. 

 

Table 6.4: After gel (viscosity in cps) at room temperature. 

S.NO F1 F2 F3 F4 

1 408 489 587 654 
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Figure 6.4: Viscosity of formulations F1 – F4 after gel. 

 

6.6 Zeta potential 

The zeta potential of various formulations was checked by Brookfield viscometer and mentioned below: 

Table 6.5: Zeta potential of various formulation. 

S.NO F1 F2 F3 F4 

1 -22.8 -34.5 -41.7 -51.4 

 

 

Figure 6.5: Zeta potential of formulations F1 – F4. 

 

6.7 ENCAPAULATION EFFECIENCY 

The encapsulation efficiency of various formulations was checked by Brookfield viscometer and mentioned 

below: 

6.8 Table 6.6: Encapsulation efficiency of various formulation. 

S.NO F1 F2 F3 F4 

1 76% 79% 88% 91% 

 

 

408

489

587

654

0

100

200

300

400

500

600

700

F1 F2 F3 F4

V
IS

C
O

S
IT

Y

FORMULATIONS

VISCOSITY vs FORMULATIONS

-22.8

-34.5

-41.7

-51.4

F1 F2 F3 F4

ZE
TA

 P
O

TE
N

TI
A

L

FORMULATRION

ZETA POTENTIAL vs FORMULATION

http://www.ijnrd.org/


 © 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2508044 International Journal of Novel Research and Development (www.ijnrd.org) 
 

 

a436 

 

 
Figure 6.6: Encapsulation efficiency of formulations F1 – F4. 

 

6.9 FTIR Spectroscopy 

The FTIR spectra of drug Mixofloxacin HCL is mentioned below: 

 
Figure 6.7: FTIR spectra of drug Mixofloxacin HCL. 
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6.10 DSC Spectroscopy  

The DSC spectra of drug Mixofloxacin HCL is mentioned below: 

 

Figure 6.8: DSC spectra of drug Mixofloxacin HCL. 

 

6.11 Gelling capacity 

This is usually graded visually during formulation trials: 

               Table 6.7: Gelling capacity of various formulation. 

Grade Description 

+ Gel formed after a few minutes, remains for short time 

++ Immediate gel formation, remains for a moderate time 

+++ Immediate gelation, remains stable for extended time 

Moxifloxacin HCl in situ gels ideally show +++ gelling capacity, indicating quick and sustained 

gelation in the ocular environment. 

6.12 In-vitro drug release kinetics 

The % Drug release results are displayed below: 

Table 6.8: In-vitro drug release from prepared in-situ gels (Moxifloxacin HCL). 

S.NO TIME % CUMULATIVE DRUG RELEASE 

  F1 F2 F3 F4 

1.  15 4.52±1.62 5.32±1.26    5.02±0.98    5.65±1.06  

2.  30 20.25±1.32 15.23±1.65    12.65±1.95    13.26±1.85  

3.  60 32.25±1.52 25.23±1.22  20.23±1.32  27.75±1.35 

4.  90 45.25±1.62 32.52±1.54  26.23±1.52  31.84±1.36  

5.  120 54.23±1.63 51.85±1.95  47.28±1.44 50.23±1.96 

6.  180 71.23±1.23 58.25±1.52  53.11±1.63  60.33±1.85  

7.  240 80.25±1.25 76.12±1.95  72.85±1.95    71.26±1.23  

8.  300 91.112±1.52 91.22±1.75  86.85±1.33  92.25±1.24  
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Figure 6.9: In-vitro drug release from prepared in-situ gels (Moxifloxacin HCL). 

 

In-vitro release studies were performed and depicted in Figure 60. After 300 mins, the release of Moxifloxacin 

Hydrochloride from formulations F1, to F9 were found to be 95.112, 91.22, 86.85, 92.25, 

6. 13 Kinetic treatments of release data  

For release of Moxifloxacin Hydrochloride Formulations F1, F2, F3 and F4, were best fitted to Higuchi’s model, 

zero-order model Hixon-Crowell model and Korsmeyer-Peppas modal. 

The best equation was Korsmeyer-Peppas modal indicating that release belonged to Case II transport, and 

indicating that release from formulation was based on Fickian diffusion mechanism.  

Table 6.9: Release kinetics of Moxifloxacin Hydrochloride in various formulations. 

S.NO FORMULATION 

CODE 

0 - order 

R% vs T 

1 - order 

log R% 

vs T 

Higuchi 

R% vs 

T1/2 

Korsemeyer-Peppas (Mt/M∞ 

vs T) 

 

r n k 

1.  F1 0.945 0.834 0.988 0.987 0.897 0.004 

2.  F2 0.968 0.845 0.991 0.994 0.971 0.005 

3.  F3 0.978 0.867 0.994 0.996 0.986 0.006 

4.  F4 0.982 0.89 0.997 0.998 0.995 0.007 
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The best formulation was F4 Korsemeyer-Peppas (Mt/M∞ vs T) Non-Fickian release, also known as anomalous 

transport, refers to a drug release mechanism that is not purely diffusion-controlled (Fickian) nor purely swelling 

or erosion-controlled (Case II), but a combination of both. 

In drug delivery systems like in situ gels, nanoparticles, or hydrogels, drug release can occur through: 

1. Diffusion of drug molecules from the matrix 

2. Polymer swelling or relaxation 

3. Erosion or degradation of the polymer network 

CHAPTER 7 

CONCLUSION 

An antibiotic called moxifloxacin hydrochloride prevents bacteria from copying their genetic material (DNA), 

which kills the germs and slows down the spread of the infection. By blocking the natural chemical called 

prostaglandins that causes inflammation, the steroid dexamethasone sodium phosphate lowers inflammation and 

infection-related symptoms like redness and irritation. Thus, Moxifloxacin hydrochloride works to stop the spread 

of bacterial infections, redness, allergies, and inflammation in the eyes.  

Ophthalmic solutions have the drawback of rapidly diluting upon instillation and wash out, which makes it 

difficult to achieve as well as retain optimal concentration of drug at action site within eye.  

Eye ointments and gels can help with these issues, but their simplicity of use and tendency to cause impaired 

vision make them less effective and lead to low patient compliance. 

 Above mentioned problem was solved by preparing in-situ ocular gel, which converted in solution to gel at eye 

temperature.  

In our research work in-situ ocular gel was prepared with Moxifloxacin HCL plus polymers like kolliphor 407 

and HPMC K100 was prepared to increase time of residence, plus provide sustain release of drugs.  

Aim was to determine effect of the combination of Kolliphor 407 and HPMC K100 on the parameters of the in-

situ gels. It was shown that, in addition to Kolliphor 407, HPMC K100 plays a significant role in in-situ gel 

behavior based on major effects of their concentrations. Because in-situ gel technology can sustain medication 

release, in-vitro data showed it to be a competitive alternative to traditional ocular drops. Since there was no 

discoloration or other physical change following storage, the optimized check point formulation demonstrated 

acceptable physical stability. All physical evaluation parameters were within specification.  

The following are some of the study's most important and relevant findings:  

The best formulation was F4 which shows best pH 6.5,viscosity 385(before gel),685(after gel),zeta potential -

51.4 which indicates complete dispersibility, encapsulation efficiency 91%,gelling capacity (+++) Immediate 

gelation, remains stable for extended time, In-vitro drug release kinetics 92.25% and follows Korsemeyer-

Peppas (Mt/M∞ vs T) Non-Fickian release, also known as anomalous transport, refers to a drug release 

mechanism that is not purely diffusion-controlled (Fickian) nor purely swelling or erosion-controlled (Case II), 

but a combination of both. 

Limitation of in-situ Ocular gel: 

 Because of high requirement of polymer in in-situ formulation, only non-ionic polymer can be used because of 

their nontoxic nature. 

 Only water-soluble drug can be formulated in in-situ ocular gel 
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 Future aspects: 

 Moxifloxacin HCL and dexamethasone sodium phosphate in-situ ocular gel can be prepared by any other 

mechanism like ion exchange gelation and pH gelation technique. 

 Industrial application: 

  Ophthalmic delivery 

  Eye solution (with more local bioavailability) 

CHAPTER 8 
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