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ABSTRACT 

Ophthalmic preparations are specialized dosage forms designed to be instilled onto the external surface of the eye (topical), 

administered inside the eye (intraocular) or adjacent to it (periocular, e.g., juxta scleral or subtenant), or used in 

conjunction with an ophthalmic device. The aim of the current study was to create an n-situ gel preparation i.e. sol to gel 

forming capability that would be able to maintain medication delivery to the eyes for extended time period without loss 

of drugs. the approach will be effective in treating infectious conditions such bacterial and viral infection, acute and sub-

acute conjunctivitis and kerato conjunctivitis. Gellan gum and carbapol 934p were used as polymer in the creation of the 

gelling system. The various concentration of polymer used in formulation. All formulation were evaluated for clarity, pH, 

gelation duration, temperature gelling capacity in vitro study. Pre-formulation study of drug (acyclovir)Appearance -Order 

less Light white crystalline powder as reported in Literature.  

 

1. INTRODUCTION 

Ophthalmic preparations are specialized dosage forms designed to be instilled onto the external surface of the eye (topical), 

administered inside the eye (intraocular) or adjacent to it (periocular, e.g., juxta scleral or subtenant), or used in 

conjunction with an ophthalmic device [1]. The latter include preparations used in conjunction with surgical implantation 

(such as an intraocular lens) and dry eye formulations compatible with a punctual appliance (e.g., a punctual plug), and 

extends to a variety of solutions used in the maintenance of contact lenses [2]. The preparations may have any of several 

purposes (e.g., therapeutic, prophylactic, or palliative for topically administered agents) but include mechanical, chemical, 

and biochemical actions of agents used in the care of ocular appliances and tissue prophylaxis during or following surgery 

[3-7]. Because of the dangers associated with the administration or repetitive administration of intraocular and periocular 

preparations, their suitability is restricted to therapeutic applications or surgical adjuncts [8-11]. 

The versatility of dosage forms of ophthalmic preparations allows the clinician to choose the form most suitable for the 

function desired [12-14]. Therapeutically active formulations can be designed to provide extended action for convenience 

or for reduction in risk of repetitive administration, improved bioavailability of the agent, or improved delivery to a 

targeted tissue. The residence of an ocular preparation can range from the few seconds needed for tears to clear an irritating 

substance; two hours for a gel, a gel-forming solution, or an ointment; to months or years for an intraocular or periocular 

dosage form. A preparation may be strictly therapeutic or may serve in prophylaxis. The latter includes surgical adjuncts 

to maintain the health of fragile cells, and postsurgical or post-trauma preparations designed to prevent or reduce the 

likelihood of infection. Another form of prophylaxis, one for a device, is the antisoiling function provided by some contact 

lens solutions [15-20]. 

 

2. IMPORTANCE OF IN-SITU GELLING SYSTEM:  

In-situ gels promote the controlled and sustained release of the drug because of its special ‘Sol-Gel transition.’ after 

administration.  Because of the sustained release of drug frequency of drug administration and the dose of a drug can be 

reduced.  Accuracy of dosing and controlled release of drugs from in-situ gels results in no drug accumulation and no side 

effects.  Significant increases in bioavailability and reduction in dose of a drug. 

The increased residence time of the drug and increased contact of the drug with tissue due to gel formation.  Accurate and 

reproducible doses delivery is possible with in situ gels unlike conventional gel formulations.  In-situ gel systems show 

ease of administration because of their physical form which results in improving patient compliance and comfort [67].  
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3. APPROACHES OF IN-SITU GEL DRUG DELIVERY  

There are three broadly defined mechanisms used for triggering the in-situ gel formation: Physiological stimuli, physical 

changes in biomaterials, and chemical reactions. In-situ formation based on physical mechanism: Diffusion: Diffusion is 

the type of physical approach used in in-situ gel formulations. This method involves the release/ diffusion of solvent from 

a polymer solution to surrounding tissue resulting in Precipitation or Coagulation of polymer matrix. Swelling: In-situ 

formation can also occur when a material absorbs water from the surrounding environment and expand to occur desired 

space. In this method, the polymer absorbs surrounding fluids that are present in the exterior environment and swell to 

release the drug slowly. In-situ formation based on physiological stimuli: Thermally trigged system: Temperature-

sensitive hydrogels are probably the foremost commonly studied class of environment-sensitive polymer systems in drug 

formulation development. The use of polymers, where the transition from sol-gel is caused by increased temperature, is 

an attractive way to approach in-situ formation. The ideal critical temperature range for such systems is ambient and 

physiological temperatures, facilitating clinical manipulation and requiring no external heat source other than the body to 

gel the trigger. The useful system must be adjustable to account for small differences in local temperature that may be 

encountered on the surface of the skin or the appendages in the oral cavity. There are three main strategies for the formation 

of temperature-responsive sol-gel polymer systems. For convenience, temperature-sensitive hydrogels are classified into 

negative heatsensitive, positive heat-sensitive, and heat-reversible gels. Negative temperature-sensitive hydrogels have a 

low critical solution temperature (LCST) and shrink when heated above the LCST. Polymers with a low critical 

temperature (LCST) transition between ambient and physiological temperatures are used for this purpose. One of the most 

widely studied polymers showing useful LCST transitions is poly N-isopropyl acrylamide (PNIPAAm). Positive 

temperature-sensitive hydrogels have an upper critical solution temperature (UCST) and such hydrogels shrink when 

cooled below UCST. The polymer network of polyacrylic acid (PAA) and polyacrylamide (PAAm) or poly acrylamide-

co-butyl methacrylate has a positive temperature dependence of swelling. These polymers exhibit miscibility gaps at high 

or low temperatures and have upper or lower critical solution temperatures. pH triggered systems: In these systems 

solution to gel transition is triggered by pH change. All pH-sensitive polymers contain additional acidic or basic groups 

that accept or release protons in response to changes in environmental pH. Polymers with many ionizable groups are 

known as polymer electrolytes. The polyelectrolytes are present in the formulation causes an increase in external pH that 

leads to swelling of hydrogel that forms in-situ gel. Swelling is dependent upon the external pH and functional group 

present on the hydrogel. For weakly acidic (anionic) groups hydrogel swelling increases with increasing external pH on 

the other hand it decreases with weakly basic (cationic) groups. Most anionic pH-sensitive polymers are based on PAA 

(Carbopol®, carbomer) or its derivatives. Similarly, a low viscosity polyvinylacetal diethylaminoacetate (AEA) solution 

at pH 4 forms a hydrogel at neutral pH conditions. Drugs prescribed in liquid solutions have some limitations, including 

limited bioavailability and a tendency to be easily removed by tears. Low pH of the PAA solution was found to damage 

the surface of the eye before it was neutralized by tears. 

 

4. OBJECTIVES OF RESEARCH 

The aim of the current study was to create an n-situ gel preparation i.e.sol to gel forming capability that would be able to 

maintain medication delivery to the eyes for extended time period without loss of drugs.the approach will be effective in 

treating infectious conditions such bacterial and viral infection,acute and sub-acute conjunctivitis and kerato 

conjunctivitis. 

To prepare and evaluate in-situ gel gelling capability of various polymeric solution. 

To incorporate drug in optimized range of polymeric solutions (based in-situ gelling capability).  

To perform evaluation studies of various formulations. 

 

The following goals were established- 

Pre-formulation Studies of drug 

-Physicochemical properties of drug determined. 

1. Lamda max determinbation. 

2. Solubility. 

3. melting point. 

4. IR spectra of pure drug. 

5. Development of standard curve for the drug. 

 

Drug Excipient interaction study 

IR spectra of Drug excipient compared with IR spectra of pure drug and reference to establish compatibility between drug 

and excipient. 

 

Formulation Phase 

Selection of polymers for formulation. 

Optimization of Polymer concentration range 
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Incorporation of drug in optimized polymeric solution concentration range. 

Evaluation of formulated batches. 

 

5. METHODS AND MATERIALS 

List of chemicals: 

S.no. Chemicals Required  

1. Gellan gum 

2. Carbopol 934p 

3. Methyl paraben 

4. Sodium chloride 

5. Sodium bicarbonate 

6. Calcium chloride dihydrate 

7. Potassium Chloride 

 

List of Instruments: 

S.no. Instruments Required 

1. pH meter 

2. FTIR 

3. IR 

4. HPLC 

5. Weighing balance 

6. Auroclave 

7. Uv spectroscopy 

8. Melting point 

  

6. DRUG & POLYMER PROFILE 

ACYLOVIR 

Acyclovir is active against herpes group of virus; H. simplex type 1 is the most sensitive followed by the H. simplex type 

II> varicella-zoister =Epstein-bar virus; Cytomegalovirus (CMV) is practically not affected .the prototype antiviral agent 

used to treat various types of herpes infections. Since, acyclovir was the first antiviral to be considered the gold standard 

for the treatment of herpes infections, all other anti herpes virus medications are compared to it. It is approved for the 

prophylaxis of herpes genitals. 

Synonyms: Acyclovir, Acyclovirum ,Acyclogunosine, Aciclovir, Zovir 

Brand Names 

Sitavig, Xerese, Zovirax 

A. Chemical name: 9 – [(2 hydroxyethoxy) methyl] -9H- guanine 2-amino-1, 9-dihydro-9-[(2- hydroxyethoxy) methyl]-

6H-purin-6-one. 

B. Structural formula: 

 
 

 

Fig: Structure of Acyclovir 

Polymers 

Carbopol934p 
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Synonyms: Acritamer,Acrylic acid polymer,Carbapol ,Carboxy polyethylene , polyacrylic acid ,carboxyvinyl polymer, 

pemulen, Ultrez. 

Functional category: Bio adhesive ,emulsifying agent, release modifying agent, suspending agent, tablet binder, viscosity 

increasing agent, 

 
Structure of carbapol934p 

Chemical name: Prop-2-enoic acid 

Molecular formula:C3H4O2 

Molecular weight: About 50000gm 

Melting point: Decomposition occurs within 30 min at.260℃ 

Density:1.4 g/cm cube 

Appearance: White to off white, odourless powder. 

pH-5.0-70 

Applications: Carbopol are mainly used in liquid or semisolid pharmaceutical formulation as suspending or viscosity- 

increasing agents. 

Formulations: Include creams, gel and ointments for use in ophthalmic, rectal and topical preparation, carbopol are also 

used in cosmetics’, therapeutically, carbopol formulations have proved efficacious in improving symptoms. 

Solubility: Soluble in water and after neutralization in ethanol (95%) and glycerine. Although they are described as 

soluble ,carbopol do not dissolve but merely swell to a remarkable extent,since they are three- dimensionally cross likked 

micro gels . 

 

Gellan gum 

A water-soluble anionic polysaccharide called gellan gum is made by the bacterium Sphingomonas elodea (formerly 

Pseudomonas elodea based on the taxonomic classification at the time of its discovery). [1] The lily plant tissue from a 

Pennsylvania natural pond was used to find and isolate the gellan-producing bacterium by the former Kelco Division of 

Merck & Company, Inc. in 1978. It was initially discovered as a replacement gelling agent for agar in solid culture media 

for the growth of different microorganisms at a much lower use level. [2] Its initial commercial product, which bore the 

name Gelritegellan gum, was later discovered to be a good agar alternative as a gelling agent in several clinical 

bacteriological media. [3]  

 

Chemical structure 

 
                                                                   Gellan gum structure 

 

Molecular formula-Te+ 

Molecular weight-127.6 

Chemical name-Gellan gum  

Melting point-No 
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Melting point of acyclovir-  

Melting point equipment was used to determine the melting point of acyclovir. Firstly picked a little capillary tube and 

sealed one end of it. The material was filled  into capillary tubes and allowed to rise to a height of 0.5 cm. The sample-

containing capillary tube was then put into the equipment' sample holder. Finally, the melting point range was noticed 

by thermometer. 

 
 Fig no .1 Ambassador apparatus 

Table no1.Melting point 

S.no Properties (drug) Reported Observed Mean  

 

1 

 

Acyclovir 

 

256.5 ℃ 

258-

260℃ 

 

259 

257-

258℃ 

257-

260℃ 

 

Solubility of Acyclovir- 

Solubility studies ware done by equilibrium solubility method. According to this method, the pure acyclovir was added to 

different solvent medium and shaken for 24h.The saturation was   confirmed by observation of presence of undissolved 

material. After centrifugation of the slurry .sample   was analysed using UV visible spectrophotometer at lambda 252 nm. 

 
Fig no - Solubility of drug 

Table no. Solubility of drug 

S.no Solvent Volume required (ml) Solubility 

1 Water 6.5ml Slightly soluble 

2 Ethanol 30ml Insoluble 

3 Methanol 6.5ml Insoluble 

4 Phosphate buffer 7.5ml Soluble 

 

Partition coefficient - 

Separating funnel method was used for determination of partition coefficient of acyclovir. This is a classical and most 

reliable method of log P determinations. Partition coefficient is a measurement of drug. Partition coefficient of acyclovir 

was taking 50 ml of benzene and 50 ml water. about 5mg of drug added to this solution and was shaken. after shaking the 

system remained undisbisburbed for 24 hrs. Two layer was separate through Whitman flter, and the amount of acyclovir 
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solubilised, was determined by measuring the absorbance at 252nm against regent blank through double beam UV 

spectrometer in both the solution. partition coefficient was determined as ratio of concentration of drug in acyclovir to the 

concentration of drug in phosphate buffer (pH7.4) and the value were reported as log P. 

Log P =                Conc. Of drug in Aq. phase   

                         Concentration of drug in Aq. phase 

Log P =Log 10 (partition coefficient) 

 
Fig no -Partition coefficient 

 

Preparation of Calibration curves- 

Preparation of calibration curve of acyclovir in Distilled water 

Accurately weighed quantity of acyclovir (10mg) was taken in 100 ml volumetric flask.It was dissolved in an adequate 

amount of distilled water and the volume was made upto 100 ml to obtain a stock solution of 100µg/ml .From the above 

stock solution appropriate dilutions were made in distilled water the concentration rang of 2,4,6,8 and 10µg/ml and 

absorbance was taken at ⅄max 252nm. 

 

Table no :Acyclovir calibration curve distilled water 

S. no Concentration (µg/ml) Absorbance(252nm) 

1 0.2µg/ml 0.172 

2 0.4µg/ml 0.269 

3 0.6µg/ml 0.388 

4 0.8µg/ml 0.509 

5 10µg/ml 0.680 

Calibration Curve of drug had to be performed by UV. Spectroscopy 

Absorption maxima of Acyclovir were found to be at 252nm. 
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7. FTIR OF ACYCLOVIR- 

This study was executed to check the  compatibility of API and excipients in the final formulation. The analysis was 

executed in shimadzu-IR affinity spectrophotometer. The IR spectra of the sample were obtained using Kbr pellet, 

prepared with hydraulic press with small amount of each sample after careful grinding of each sample with Kbr. The 

spectral width was 400-4000cm-1 

The FT-IR spectrum of the procured sample of the pure acyclovir obtained from shimadzu and was compared with the 

standard FT-IR spectra of pure acyclovir. 

 
 

Spectral (FTIR) Analysis of acyclovir- 

On comparing the IR spectrum of sample (Acyclovir) and reference spectrum, it was observed that all characteristic peak 

of drug was found as shown in fig. 

 
Fig no: FTIR of Acyclovir drug 
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Result and discussion 

Gellan gum and carbapol 934p were used as polymer in the creation of the gelling system. The various concentration of 

polymer used in formulation .All formulation were evaluated for clarity, pH, gelation duration, temperature gelling 

capacity in vitro study. 

Pre-formulation study of drug (acyclovir) 

Appearance -Order less Light white crystalline powder as reported in Literature.  

 

Melting point of acyclovir was determined by open capillary method. The melting point of acyclovir was found to be 258 

degree Celsius. The value indicated identity and purity of the drug sample. 

 

 
                        Fig- Melting point 

 

S.no. Reported(°C) Observed Mean(°C) 

1-  

256.5°C 

258-260  

259°C 2- 257-258 

3- 257-260 

 

Solubility 

Solubility of the sample was found to be 0.1 microgram per ml solubility in different solvent such as water, phosphate 

buffer, methanol and ethanol. 

 
Fig : Solubility 

 

S.no. Solvent Volume required (ml) Solubility 

1. Water 653ml Slightly soluble 

2. Ethanol 32562ml Insoluble 

3. Methanol 45367ml Insoluble  

4. Phosphate buffer 24ml soluble 

 

Analytical method development for acyclovir by UV visible spectrophotometer  

 

UV Spectroscopy method was developed for the analysis of acyclovir using double beam shimadzu 1700 UV spectroscopy  
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Identification of drugs by UV spectroscopy 

The acyclovir was identified by UV Spectroscopy method. The acyclovir exhibited maximum absorption at 252 

respectively. These wavelength were considered as λmax for samples and all the observation by UV spectrophotometer 

to calculate the amount of drug were taken at this wavelength.  

 

Standard curves of acyclovir 

The standard curve of acyclovir was prepared in distilled water and result depicted in table.  

The calibration curve was draw for acyclovirin distill water and its shows straight line in range of concentration from 2, 

4, 6, 8, & 10 microgram per ml with R2 value of drugs like 0.9995 respectively , indicating good linearity as shown in 

figure which follow beer-lambert law in the concentration range 2-10µg. 

 

Table calibration curve of acyclovir in phosphate buffer at 7.4pH 

S.no. Concentration Absorption at 252nm 

1. 2 µg/ml 0.172 

2. 4 µg/ml 0.289 

3. 6 µg/ml 0.388 

4. 8 µg/ml 0.499 

5. 10 µg/ml 0.605 

 

ul 

Fig:Calibration Curve of drug had to be performed by UV. Spectroscopy 

 

 
Fig: Calibration curve of acyclovir 

 

 
Fig: FTIR Spectra of acyclovir (API) 
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Table IR characterization of acyclovir 

S.no. Functional group References Wave no.(cm-1) Observed wave no. 

1. OH hydroxyl 3500 3523 

2. C=O carbonyl 1695 1640.94 

3. NH2 amino group 3282 3296.09 

4. C=N 1487 1482.63 

5. C-N 1185 1181.83 

 

Table clarity test of various formulations- 

Formulation code colour 

F1 White transparent 

F2 Off white 

F3 White 

F4 White 

F5 Light white 

 

pH of In-situ gel: the pH of all formulation were determined by pH meter. All formulations were in pH range 6.5-7.4. 

 
Fig : pH 

 

Table pH result of formulated batches- 

Formulation code pH range (Average) 

F1 6.5 

F2 6.9 

F3 7.4 

F4 6.6 

F5 7.0 

 

Viscosity and rheological studies: 

 
Fig: Image of Brookfield viscometer 
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Table viscosity of various formulated batches at 35°C. 

S.no. Spindle no. Rpm 50 Viscosity (°C) 

F1 64 50 6.36 

F2 64 50 9.98 

F3 64 50 13.7 

F4 64 50 15.1 

F5 64 50 27.0 

 

Time in (min) F1 F2 F3 F4 F5 

5 5.85 4.32 6.41 5.01 5.15 

15 12.55 12.13 13.80 11.43 11.84 

25 20.21 21.19 23.84 19.09 19.79 

35 29.00 32.06 36.11 30.25 30.80 

45 39.45 46.84 50.46 44.47 45.02 

60 53.53 68.03 70.26 54.50 51.71 

 

8. CONCLUSION 

1-pre-formlation studies of Acyclovir revealed that the supplied drug matched all the criteria of drug (API) i.e.. reported 

literature values (limits) je max (252nm). M.P (2590) Partition coefficient (50ml), Solubility study in various solvents 

(water-653ml. ethanol-32562ml, methonal-45367, phosphate buffer-24ml) 

2. The normal eye drops have very poor bioavailability due to which drug is rapidly washed out from the eye. Such 

problems can be overcome by modifying the formulation of drug to in-situ gel ophthalmic solutions. 

3-FTIR studies showed that all characteristic peaks (OH-3523cm, C-01640.64 cm², NH2-3296.0.9 cm². C-N-1482.63 cm, 

C-N-1482 cm) of drugs were found in IR spectra of drug mixture. Therefore, Study revealed there no chemical interaction 

between drug and selected excipients. 

4. Various formulations (In-situ gel) were prepared by using cold method and evaluated for various studies such as pH 

(ranged,6.2-7.4), viscosity (rang 6.3-27.0°C), clarity (light white to white), drug content uniformity (between 89.01-97.06) 

and % release (51-71 to 70.26 for 60 min). 

5. On the basis of various evaluation studies of Formulation F3 was considered as best batch as it had pH (7.4°C), viscosity 

(13.7°C), drug content uniformity (97.06%), % release (70.26%). 

6. In-situ gel formulation for could be a better approach for eye infection as in-situ gelation of formulation improved 

duration of action up to 10 hours which was comparatively longer periods than marketed eye drops with reduced number 

of administration frequency. 
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