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ABSTRACT: Ketorolac tromethamine is frequently non-steroidal anti-inflammatory drug (NSAIDs) with 

analgesic, anti-inflammatory and antipyretic properties, is also nice in relieving symptoms of osteoarthritis, 

rheumatoid arthritis, ankylosing spondylitis, acute sciatica and low back pain. Solid lipid nanoparticles (SLNs) 

are able to be used for the focused on of anti-inflammatory drugs, thus accomplish most significant advantages 

such as reduction in total dose and prevention of systemic toxicity and unusual side effects. The objective of the 

present investigation was to prepare &amp; evaluate solid lipid nanoparticle (SLN) based topical gel of non- 

steroidal anti-inflammatory drug (NSAID) ketorolac tromethamine for the cure of arthritis which would 

attenuate the gastrointestinal related toxicities related with oral administration. SLNs had been prepared by 

means of low temperature solidification technique and characterize by means of particle measurement, analysis, 

FTIR spectroscopy, drug entrapment efficiency, SEM, in vitro In vitro release research were performed on Franz 

diffusion cell the usage of dialysis membrane in phosphate buffer solution of pH 7.4. The FTIR study indicates 

no predominant interaction of ketorolac tromethamine with different component ingredients and the Scanning 

Electron Microscope study revealed that the drug is molecularly dispersion into the lipid. The particle 

measurement determination confirms the particle distribution in the nanoparticle range (27% volume to 56% 

volume). In vitro drug release using the dialysis membrane as of the prepared SLNs is greatly higher than the 

pure drug. The stability of the formulation shows the stability of the formulation besides changing its 

performances on storage. Hence formulation of ketorolac tromethamine in SLN, enhances the dissolution price 

as properly as it will enhance the bioavailability of the drug which ought to the stabilized for the duration of 

storage.  
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INTRODUCTION 

Ketorolac, an anti-inflammatory agent with analgesic and antipyretic properties, is used to treat 

osteoarthritis and control acute pain. It is a peripherally acting analgesic. The biological activity 

of ketorolac tromethamine is associated with the S- form. Ketorolac tromethamine possesses no 

sedative or anxiolytic properties. The primary mechanism of action responsible for ketorolac's 

anti-inflammatory, antipyretic and analgesic effects is the inhibition of prostaglandin synthesis 

by competitive blocking of the enzyme cyclooxygenase (COX). Ketorolac is a non-selective 

COX inhibitor. Ketorolac has been assessed to be a relatively higher risk NSAID when 

compared to aceclofenac, celecoxib, and ibuprofen. This medication is a non-steroidal anti-

inflammatory drugs. It works by blocking your body’s production certain natural substance that 

cause inflammation. This effect helps to decrease swelling, pain, or fever. The Solid lipid 

nanoparticles are a new pharmaceutical delivery system or pharmaceutical formulation. Solid 

lipid nanoparticles are one of the novel potential colloidal carrier system in the range of 100-

1000nm. An alternative material to polymers which is identical to oil in water emulsion for 

parental nutrition but the liquid lipid of the emulsion has been replaced by a solid liquid. SLNs 

are sub-micron colloidal carriers ranging from 50-1000 nm.
[2][6]

 They have many advantages 

such as a good biocompatibility low toxicity and lipophilic drug are better delivered by solid 

lipid Nano-particles and the system is physically stable. Solid lipid nanoparticles may be a 

promising sustained release and drug targeting system. Nanoparticles are manufactured from 

both the synthetic and natural polymer and colloidal particles having range in size between 10 

and 1000 nm are known as nanoparticles
 [1]

. Solid lipid nanoparticles are defined as the potential 

colloidal carrier system in which used to polymers such like lipid, surfactant and other 

emulsifier’s additives. Solid lipid nanoparticles must use for increase the biocompatibility of the 

drug or reduced to toxicity and target drug delivery system. The solid lipid nanoparticles 

composed of solid lipid having size ranges between 100-1000 nm and the formulation of solid 

lipid nanoparticles for drug delivery is depends on their ability to penetrate through several 

anatomical barrier.  

MATERIAL  

Ketorolac tromethamine was purchased for Saurav Chemical Limited (Haryana) India. All 

chemicals and reagents were of analytical grade (AR). 
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METHODS 

Preformulation studies 

A well designed preformulation study is therefore necessary to fully characterize molecules 

during the discovery and development processes so that the new drug entities have the 

appropriate properties, and there is an understanding of the shortcoming that must be overcome 

by the formulation process. 

Solubility Analysis 

Solubility is an essential and extensively studies of pre formulation. Which include selection of 

suitable solvent, to dissolve the respective drug. The solubility was done by adding the small 

amount of solute to the fixed volume of solvent, after each addition, the system was vigorously 

shaken and examined visually for the un-dissolved solute particle.  

Melting point 

In the procedure, a small amount of ketorolac tromethamine drug was filled in a capillary tube 

open both the ends and it was placed along with thermometer in melting point apparatus ( Bio 

technics India, BTI-34). 

pH Value  

1% solution was prepared in pure distilled water taken small amount of methanol and pH of the 

solution was measured at 25±1ºC using by digital pH meter (Chemi line CL110). 

Partition Coefficient  

The partition coefficient study of ketorolac tromethamine was performed using n-octanol as oil 

phase and water (1:1) as the aqueous phase. The two phases were mixed in equal quantities (50 

ml) by adding 50mg of drug in a separating funnel and was saturated with each other at room 

temperature for 24 hour. The saturated phase were separated by centrifugation.  
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The two phases were separated and then analyzed for respective drug contents. The partition 

coefficient measured by the given formula. 

 (
 

 
)  

                             

                                    
 

Where,  

K is a partition coefficient. 

Spectrophotometric Analysis 

Calibration Curve of Ketorolac Tromethamine with 7.4 pH phosphate buffer 

Weight 100mg ketorolac tromethamine and dissolve 100 ml of phosphate buffer solution pH 7.4, 

make 1000μg/ml solution. Then take 1 ml of above solution and volume make up 10ml with 

buffer solution (100μ/ml). Take 0.5, 1, 1.5, 2, 2.5 and 3 ml of above solution, make up the 

volume of 10ml individually dilutions, the concentrations are 5, 10, 15, 20, 25 and 30 μg/ml. Plot 

the calibration curve of these different concentration’s dilution by uv visible spectrophotometry 

at the range of 200-400nm. 

FTIR Spectrometry  

The IR analysis of the sample was carried out for qualitative compound identification. In ATR 

(Attenuated Total Reflectance), the solid material is placed onto the small crystal area. In this 

instrument IRAffinity-1, diamond being the preferred choice for most applications because of its 

robustness and durability. After solid has been placed on the crystal area, the pressure arm is 

positioned over the crystal/sample area. Force is applied to the sample, pushing it onto the 

diamond surface. Transmittance was measured from wave number 4000 cm
-1

 to 400
 
cm

-1. 
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Preparation of Ketorolac Tromethamine SLN Dispersion 

Solid lipid loaded ketorolac tromethamine drug was prepare using melt emulsification and low 

temperature solidification method. Ketorolac tromethamine was dissolved in methanol and 

mixed with the acetone solution or containing steric acid (Lipid). The mixtures ware sonicated 

for 15 minutes, then added drop wise to tween 20 (surfactant) solution, the mixture was stirred at 

3000 rpm for 30 min at 70°C temperature. The mixed solution was transferred to ice water bath 

and stirring for 4 hour at 3000 rpm. Different formulation of drug loaded SLN (SLN1, 

SLN2,SLN3,SLN4, SLN5 and SLN6)  were prepared by varying concentration of steric acid and 

surfactant.  

 

Table-1 Composition of Different Solid Lipid Nanoparticles. 

Formulation  Drug (mg) Stearic acid (mg) Tween 20 (%) 

SLN-1 100 1000 2.0 

SLN-2 100 1250 2.0 

SLN-3 100 1500 2.0 

SLN-4 100 1000 2.5 

SLN-5 100 1250 2.5 

SLN-6 100 1500 2.5 
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Characterization of Ketorolac Tromethamine loaded SLN dispersion 

Drug Entrapment Efficiency(EE) 

The entrapment efficiency of SLN loaded ketorolac tromethmine was calculate by using 0.1 ml 

of SLN  dissolve in the dispersion medium and the solution was centrifuge at 1200 rpm. The 

supernatant fluid was collected and passed through a membrane filter. The quantity of drug in the 

solution was measured by UV spectroscopy at 328 nm. 

 

Where EE is entrapment efficiency, W1 stands for the mass of ketorolac tromethamine added to 

the formulation and W2 is the analyzed weight of drug in the supernatant layer. 

Zeta Potential & Particle Size   

Zeta potential is an indication of the stability of the solid lipid nanoparticles. For a stable solid 

lipid nanoparticles stabilized only by electrostatic repulsion, minimum zeta potential of ± 30 mv 

is required where as in case of a combined electrostatic and steric stabilizer, a zeta potential of 

±24 mv would be sufficient. For zeta potential determination samples of formulations was 

diluted with water and placed in the electrophoretic cell. For each sample was measured 3 times 

at 25
0
C and average values was employed for measuring the response. The mean particle size 

and the width of particle size distribution called Polydispersity Index are determined by Photon 

Correlation Spectroscopy (PCS). Particle size and polydispersity index (PI) govern the saturated 

solubility dissolution velocity and biological performance. The prepared solid lipid nanoparticles 

of 100µl was diluted to 5ml with distilled water and diluted dispersion was measured using 

Malvern zetasizer. 

Scanning Electron Microscopy  

Solid lipid nanoparticle was carried out by the Scanning Electron Microscope. The 

morphological characterization of solid lipid nanoparticles was determine by the SEM.  Taken 1 

gm or one drop of SLN and added in 1×1 cm of carbon tape then put the scanning mould in  inert 

the JEOL- JSM-5600 scanning electron Microscope system. On the specimen chamber and on 

the evacuation system (EVC), and the image obtained after 10 minute and investigated at 20kV.  
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FTIR  

IR spectra of pure drug ketorolac thromethamine with steric acid was obtained. IR spectroscopic 

studies was conducted to determine possible interaction between chemical bonds of drug and 

excipients. The samples was scanned in the region between 4000. and 400 cm
-1

. 

FORMULATION OF SLN LOADED GEL OF KETOROLAC TROMETHAMINE 

SLN loaded gel was prepared by using required quantity of carbpol 934 is gelling agent. In this 

method required sufficient amount of carbpol 934 was weighed accurately and dissolve in small 

volume of distilled water to prepare aqueous dispersion and dispersed carbpol was allowed to 

hydrate for 3-5 hour. Glycerin (10% w/w) used as humectants was added subsequently to the 

aqueous dispersion equivalent to 10% of  ketorolac tromethamine was incorporated in it. 

Triethanolamine ( viscocity modifier), was added to the carbpol dispersion using stirrer at 1200 

rpm. Stirring was continued till the carbpol get dispersed. Then the formulated gel was allowed 

to stand overnight for the removal of entrapped air. Different formulation of gel ( F1, F2, F3, F4, 

F5 and F6 ) using different batches of SLN were prepared. Then was gel allowed to further 

investigation such as physical appearance, pH, viscocity, spreadability  and in vitro drug release.  

Table-02 Composition Of SLN Gel Formulation 

Ingredients Composition (% w/w) 

Carbpol 934  1 

SLN loased drug to 1 % of ketorolac  1 

Glycerin  10 

Triethanolamine  q.s 

Distilled water  q.s 
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EVALUATION OF KETOROLAC TROMETHAMINE LOADED GEL 

Physical Appearance 

Physical appearance such as color and appearance was observed.  

Measurement of pH 

1 gm of SLN loaded gel was taken and dissolved in 100 ml of distilled water and kept in two 

hours. After 2 hour checked pH value for pH meter.  

Viscosity 

Viscosity of the formulated gels were determined using a Brookfield Viscometer using spindle 

type 63. 

Spreadability 

It indicates the extent of area to which gel readily spreads on application to skin or affected part. 

The therapeutic potency of a formulation also depends upon its spreading value. Spreadability is 

expressed in terms of time in seconds taken by two slides to slip off from gel which is placed in 

between the slides under the direction of certain load. Lesser the time taken for the separation of 

two slides, better the spreadability. It is calculated by using the formula:  

S = M × L / T 

where,  

M = wt. tied to upper slide 

L = length of glass slides  

T = time taken to separate the slides 
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In vitro drug release study 

The in vitro drug release studies were performed using modified franz diffusion cell to evaluated 

the amount of ketorolac tromethamine from each formulation. These cell consist of two cells one 

is the donor compartment, and one is the accepter compartment, dialysis membrane 70, magnetic 

stirring, thermostatic water bath and sampling device.  

 

 

 

 

 

 

 

 

 

 

Figure-1 Franz Diffusion Cell 

Dialysis membrane 70 having pore size 2.4nm and molecular weight cut-off between 12,000-

14,000 was used to mounted on the franz diffusion cells. The surface area of the release 

membrane was 3.15 cm
2
. The receptor medium was approximately 50ml and composed of 

phosphate buffer, pH 7.4. and the stirrer the magnetic bar at 700 to 1400 rpm avoid different 

concentrations within the acceptor medium and to minimize stagnant layer. SLN based gel 

(equivalent to 30 mg of drug) were placed in the donor compartment. During the processed, the 

solution in receptor side was maintained at 37ºC ± 0.5 ºC, after a certain time interval, 2ml of the 

sample was withdraw at different time interval from receiver compartment through side tube and 

volumes of freshly prepared receptor medium were added.  
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The samples were analyzed by UV- Visible spectrophotometer at 328nm. For each formulation, 

the released studies were performed in triplicate and mean was taken. Franz cell glass structure 

represented in given figure1.  

FTIR spectrophotometry 

IR spectra of pure drug ketorolac tromethamine with carbopol 934 was obtained. IR 

spectroscopic studies was conducted to determine possible interaction between chemical bonds 

of drug and excipients. The samples was scanned in the region between 4000- 400 cm
-1

 

Stability Study 

The SLNs loaded gel of the formulations after 1 month was observed. The formulations at 40
0
c 

remained stable. The stability studies of formulation F1, F2 and F3 had been performed. The 

stability studies observed in physical appearance and compatibility formulations. We were stored 

each formulation at room temperature and high temperature for 1 month. 

RESULT & DISCUSSION 

Organoleptic properties 

The ketorolac tromethamine drug was studies for their organoleptic properties like colour, odour, 

taste, crystallinity and observation was recorded in table 02. 

Table 02: Organoleptic Properties of Drug. 

Parameter Ketorolac tromethamine 

Colour and Physical appearance Off -white crystalline powder 

Odor Odorless 

Taste Tasteless 
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Melting point 

The melting point of the drug was found to be 165
0
C, which was in the reported range indicating 

that the drug sample was pure. 

Table 03: Melting point of ketorolac tromethamine 

Drug Observed Reference 

Ketorolac 

thromethamine  

165±2°C 165-167°C 

pH Measurement 

The pH value of the drug was found to be 6.4, which was in the reported range indicating that the 

drug sample was pure 

Table 04: pH value of ketorolac tromethamine 

Drug Observed Reference 

Ketorolac 

thromethamine  

6.4  5.7 to 6.7  

Partition Coefficient  

Partition coefficient of ketorolac tromethamine was found to be 7.33 (0ctanol/phosphate buffer 

7.4 pH), which showed that ketorolac tromethamine. Possess sufficient lipophillicity as well as 

hydrophillicity. Which are necessary for its permeation through the skin.  

Table 05: Partition coefficient value of Ketorolac Tromethamine 

Drug Observed Reference 

ketorolac 

tromethamine 

7.33 5.68-8.27 
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Solubility Analysis 

Ketorolac tromethamine was freely soluble in water and methanol. That the slightly soluble in 

alcohol, in dehydrated alcohol. Ketorolac tromethamine was insoluble in acetone and 

toluence. 

 

Table-06 The solubility analysis of ketorolac tromethamine 

  

Solvents Result 

Methanol +++ ( freely soluble) 

Distilled water +++ ( freely soluble) 

Alcohol + ( slightly soluble) 

Phosphate buffer (7.4 pH) ++ ( soluble) 

Acetone -  ( insoluble) 
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UV spectrum analysis  

UV spectroscopic analysis for the ketorolac tromethamine drug sample was performed and the 

maximum absorption is found the λmax was observed at 328nm.   

 

  

 

Fig.2 UV spectrum of Pure Ketorolac tromethamine drug 
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 Calibration curve of KT drug with 7.4 pH phosphate buffer  

The calibration curve of drug obeyed Beer Lambert’s law in the concentration range of 0-30 

µg/ml ( R
2
 = 0.995) and result shown in figure 3.  

 

 

Fig. 4 Calibration Curve of KT Drug in Phosphate Buffer 7.4 pH 

Compatibility study FTIR spectrometry 

FTIR spectroscopy of physical mixture of ketorolac tromethamine and physical mixture of drug  

with polymers were compared. The IR spectrum of drug sample has shown corresponding peak 

at 3300 cm
-1

(O-H stretching- strong broad of- carboxylic group) and 850 cm
-1 

(C-Cl stretching – 

Strong broad of Helo compound).  
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Fig. 5 FTIR oF Pure Ketorolac Tromethamine Drug 

The physical mixture shows peak at 2824.87, 704.05. Thus it concluded that  the physical 

mixture of the drug ketorolac tromethamine does not show any major interaction with 

formulation components like lipid. Thus result shown in figure 06.  

 

Fig. 6 FTIR spectra of physical mixture of KT drug with stearic acid. 
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Evaluation of SLN loaded Gel of Ketorolac tromethamine  

Physical evaluations of SLN loaded gel was shows off white color and translucent appearance.  

Table 07 pH, Viscosity, Spreadability 

Formulation code  pH  Viscosity (cps) Spreadability (gm-

cm/sec)  

F1 6. 7 2245.12  3.43 

F2  6.4 2567.34 3.52 

F3  6.8 2641.23 3.62 

F4 5.9 3033.67 3.59 

F5  6.6 3098.19 3.60 

F6 7.1 3112.23 3.64 

Percent Drug Entrapment Efficiency  

The SLN was prepared by different proportion of drug, lipid, surfactant. The entrapment 

efficiency of SLN loaded ketorolac tromethamine increase the concentration of stearic acid and 

tween 20. The percent drug entrapment efficiency found between 83.55 to 96.00 %.  

The F6 and F4 given good efficiency (95.67% and 94.63 %) as the lipid concentration was 

increased, while F1 and F2 (85.64% and 89.3 %) was lowest entrapment and decrease the 

concentration of lipid.  
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Fig. 07 percent entrapment efficiency 

Scanning Electron Microscopy 

The surface analysis of solid lipid nanoparticles were carried out by the scanning electron 

microscopy. Images ware obtained after SEM and shown in figures, SLN1, SLN3 and SLN6. 

SLN1 have quit a rough surface, SLN3 was almost dendritcs in shape. SLN1 and SLN3 have a 

smaller size as compare to SLN6 because higher concentration of tween 20 in SLN1 and SLN3. 

SLN6 have dendritic – shape and fine smooth surface.  

 

Fig.08 SLN1 
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          Fig.  09 SLN 3                                                               Fig. 10 SLN 6    

Zeta Potential & Particle Size Distribution  

The zeta potential of the SLN1, SLN3 and SLN6 were found to be negative which may be due to 

the presence of terminal carboxylic groups. High potential values should be achieved to ensure a 

high-energy barrier and favour a good stability of SLN6. 

 

Particle Size Distribution  

Particle size distribution of SLN1, SLN3 and SLN6 were obtained result shown in figure and 

table. It was observed particle size distribution of SLN6 was 96.50 nm at 96.8 % intensity. 
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Fig. 11 zeta potential of SLN 6 

Fig. 12 zeta potential of SLN 6 
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Comparative in- vitro drug release studies of formulated gel with marketed formulation.  

Drug diffusion study were performing on all formulations F1, F2, F3, F4, F5 and F6 by using of 

franz diffusion cell. All of the formulation was compared to marketed formulation. The 

cumulative percent release of SLN loaded gel from F1 to F6 have good penetration power, as 

compared to marketed gel (ibuprofen). The release of the gel was over the period of 210 min. 

The result of this studies were signify that administration of SLN loaded gel carrier was safer 

compared to administration of the free drug or oral formulation.   

 

Table-08 Cumulative In-Vitro Release Studies 

S.No  Time (min) 

 

Cumulative percentage drug release  

F1 F2 F3 F4 F5 F6 Ketorol 

1 0 0 0 0 0 0 0 0 

2 15 4.46 6.22 7.12 7.73 7.95 8.79 7.48 

3 30 8.93 12.37 13.90 13.79 14.96 18.76 16.24 

4 60 19.70 23.95 26.98 28.89 30.98 36.71 32.82 

5 90 30.50 35.85 39.89 42.28 44.83 52.92 49.18 

6 120 40.43 45.69 50.56 53.97 56.96 65.83 60.84 

7 150 49.43 54.76 60.14 63.72 67.10 75.62 71.22 

8 180 58.92 62.98 69.55 73.25 75.95 83.99 79.96 

9 210 65.86 70.85 75.93 79.96 82.92 89.95 86.49 
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Figure-12 In- Vitro Drug Release 

Conclusion  

  Ketorolac tromethamine drug for topical preparation. Ketorolac tromethamine is a 

NSIDs categories drug that works by reducing hormones that cause inflammation and 

pain in the body. The aim of these works are prepare solid lipid nanoparticles. Solid lipid 

nanoparticles is a technique of nanotechnology that’s used for increase the 

biocompatibility, low toxicity of the drug. SLNs are colloidal carrier system in the range 

of 100-150 nm. Solid lipid nanoparticles were prepared by using melt emulsification and 

low temperature solidification method. SLNs loaded gel formulation were evaluated for 

their physical appearance, pH value, viscosity, spreadability, in- vitro drug release study 

and stability studies. The pH value of formulation is normal range in 7.4 pH, without 

reduce of any skin irritation, F3 formulation produce high spradability 3.64 gm-cm/sec 

and the highest viscosity of 3112.23 cps. The in vitro release of SLN loaded gel have 

89.95. SLNs had been prepared by means of solidification technique and characterize by 

means of particle measurement, analysis, FTIR spectroscopy, drug entrapment efficiency, 

SEM, in vitro In vitro release research were performed on Franz diffusion cell the usage 

of dialysis membrane in phosphate buffer solution of pH 7.4. The FTIR study indicates 

no predominant interaction of ketorolac tromethamine with different component 

ingredients and the Scanning Electron Microscope study revealed that the drug is 

molecularly dispersion into the lipid. The particle measurement determination confirms 

the particle distribution in the nanoparticle range (27% volume to 56% volume). In vitro 

drug release using the dialysis membrane as of the prepared SLNs is greatly higher than 

the pure drug. The stability of the formulation shows the stability of the formulation 
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besides changing its performances on storage. Hence formulation of ketorolac 

tromethamine in SLN, enhances the dissolution price as properly as it will enhance the 

bioavailability of the drug which ought to the stabilized for the duration of storage.  
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