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ABSTRACT 

The aim of the research work was to fabricate the nanosuspension of etoricoxib with polyherbal components (extract of ginger root and 

basil leaf) to enhance the solubility of API; furthermorein situ gel forming system for stomach specific drug delivery was prepared 

utilizing formulated nanosuspension as base. The objective of the present research is to enhance the solubility of poorly aqueous soluble 

drug by fabricating nanoparticles and improve their residence time within stomach by formulating in situ gel forming system. Tamarind 

seed polysaccharide as polymer, etoricoxib as drug, ethanolic extract of ginger (GE) and basil (BE), was used for preparation of 

nanoparticles.Solvent antisolvent precipitation method was used to prepare nanoparticles. The fabricated nanoparticles were evaluated 

for various parameters such as physical appearance, Scanning electron microscope, drug content, in-vitro drug release. For preparation of 

in-situ gel containing nanoparticles, tamarind seed polysaccharides, calcium carbonate and sodium alginate were used. The prepared 

formulations were evaluated for different characterization parameters such as,- pH, viscosity, floating behaviour, drug content, in-vitro 

drug release and in-vitro cytotoxic study. The in-situ gel containing nanoparticles were successfully prepared and evaluated. Firstly, the 

nanoparticles were evaluated for physical appearance, Scanning electron microscope, drug content, in-vitro drug release and found that 

the formulations were clear as well as homogenous, size of nanoparticles was evaluated in the range of 498nm to 587nm, the drug 

content of etoricoxib was found in the range of 71.38±0.01 (F5) to 79.45±0.01 (F6), the drug content of GE was found in the range of 

69.25±0.05 (F4) to 74.25±0.02 (F1) and the drug content of BE was 69.48±0.09 (F1) to 75.59±0.08 (F6). The drug release was taken up 

to 12 h and found to be 99%. In-situ gel containing nanoparticles were also evaluated for different parameters such as pH, viscosity, 

floating behaviour, drug content, and in-vitro drug release. The pH of the prepared formulation was found to be in the range of 7.1±0.04 

to 7.5±0.02. The viscosity of the prepared formulation was found in the range of 11.25±0.023 to 12.78 ±0.025. The lag time was found in 

the range of 11 to 20 sec and floating time was upto 24 h. The drug release was taken up to 8 h and found to be 99±0.2%. It can be 

concluded that etoricoxib with phytoconstituents (GE and BE) improved its potential to control the growth of human colon cancer cell 

line (HT-29) in in-vitro conditions. It was concluded from the findings that the in-situ gel containing nanoparticles of etoricoxib from 

solvent antisolvent method was successfully prepared and found that it has improved the solubility of the poorly soluble drug etoricoxib 

and dissolution rates. 
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1. INTRODUCTION 

 Solubility is defined when the solute gets dissolved in 

solvent to provide homogenous system. But low water solubility 

of the chemical moieties is the major problem for the formulation 

which leads to variability in bioavailability of the drug [1,2]. To 

overcome this problem, some physical and chemical modifications 

can be done to enhance the solubility of poor soluble drugs. 

Modifications include formation of salt, reduction in particle size, 

crystal engineering, solid dispersion method, complexation, use of 

surfactant, anti-solvent method and many more [3]. The solvent 

antisolvent precipitation method was used to fabricate 

nanoparticles. This method is advantageous over other methods in 

terms of ease in process, and low cost. This method consists of 

two major steps that are solubilizing the poorly aqueous soluble 

drug into organic solvent by intense mixing and then mixing of 

solubilized drug into antisolvent [4]. This is followed by 

evaporation of organic solvents that result in precipitation of drug 

nanoparticles. In this method, the solution of drug is incorporated 

into antisolvent in controlled manner with uniform mixing. Water 

is generally used as antisolvent for drug precipitation. This method 

has capability to control the size, shape and morphology [5]. 

Etoricoxib is a selective COX-2 inhibitor that inhibits 

cyclooxygenase-2 that reduces the formation of prostaglandins 

from arachidonic acid. It is consider being an effective analgesic, 

antipyretic and anti-inflammatory [6,7]. But the poor aqueous 

solubility of etoricoxib is a serious issue for the formulation. 

Therefore, polysaccharide-based nanoparticles have been an 

effective method to make them suitable for drug delivery.  

 Delivery of the etoricoxib via nanoparticles decreases the 

dose of the drug and ultimately reduces the risk of toxicity. The 

nanoparticles increase the solubility of drug, and hence improve 

activity, and manage the release profile of the drug. The reduction 

in particle size is an effective way to enhance bioavailability [8].  

 The low aqueous solubility and poor bioavailability causes 

difficulty in formulation development and restricts its application. 

Incorporation of formulated nanoparticles into in situ gel, 

improved gastric retention of APIs and leads to better drug 

absorption hence therapeutic effect [9]. Gupta et al also showed 

that nanoparticles laden in situ gel formulations enhance the 

efficacy of nanoparticulate system and helps to enhance the 

retention time of the drug at absorption site. Investigators also 
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showed that these types of formulations also showed better 

bioavailability than marketed formulations [10,11]. 

 Nanoparticles with encapsulated therapeutics having scale 

of 200 nm can be intravascular injected without any concerns of 

embolization. These nanoparticles have ability to permeate and 

traffic via various tissues. It gets bind to cell surface receptors and 

then enters the target cells for intracellular delivery. Therefore, 

influences the intracellular tracking pathways. The enormity of 

applications because of these unique characteristics, the 

nanoparticles mediated delivery have been identified [12,13]. 

 Literature have shown that ethanolic extract of basil leaf 

and ginger stem have significant anti-inflammatory activity [14]. 

Utilization of these herbal components with synthetic drug 

(etoricoxib) potentiates the therapeutic effect of drug etoricoxib 

and shows synergistic effect. 

2. MATERIALS AND METHODS 

2.1. Extraction of herbal components 

 Ginger (Zinger officinale, Zingiberaceae) root and Basil 

(Ocimumsanctum,Lamiaceae)leaves were collected from local 

area and authenticated. Ginger root and basil leaves were washed 

with distilled water to remove dust and air dried. Ginger root cut 

and dried leaves of basil were broken into small pieces. 

Furthermore, ginger root and basil leaves were dipped into 30 ml 

of ethanol in separate beakers for 7 days. After predetermined time 

(i.e. 7 days), extracts were transferred into Petri dishes to 

evaporate the solvent. Extracts were dried in the hot air oven at 

40˚C until they were dried. The extracts were collected and stored 

in desicator for further study. 

 As discussed in authors elsewhere, tamarind seed 

polysaccharide (TP) was extracted using water based extraction 

method and same method was utilized in present investigation 

[15]. Etoricoxib was obtained as samplegift from Kusum 

Healthcare Limited, New Delhi, India while calcium carbonate 

and sodium alginate were procured from Sigma Aldrich. 

2.2. Methods 

 The in-situ gel containing nanoparticles were fabricated in 

following two steps: 

Step 1: Preparation of Nanoparticles  

 The nanoparticles of etoricoxib and poly herbal 

components were prepared by solvent anti-solvent method. 

Polymer solution (TP) was prepared as shown in table 1, using 

distilled water (25 ml) as solvent. After complete dissolution of 

polymer in water, the solution was heated up to 60 °C with 

constant stirring and cooled around 40 °C. The drug solution (10 

ml) was prepared in acetone and slowly added into polymer 

solution, followed by addition of 5 ml of each herbal components 

(GE and BE). Polymer-drug solution was stirred continuously for 

20 min to form nanosuspension. Various batches of different 

concentration of polymer, drug, and poly herbal components were 

prepared as shown in table 1. 

Characterization of nanoparticles 

 Physical appearance: All the prepared formulations of 

nanoparticles were checked for their clarity. 

 Particle size determination: Zeta seizer (Malvern 

instrument, Version 6.32, Model No. ZEN3500) was used to 

determine the size of nanoparticles. 

 Encapsulation efficiency: Sample (1 mL) was taken and 

mixed with distilled water (up to 10 ml) for 12 h. The whole 

solution was centrifuged at 16000 rpm for 30 min to remove 

polymer debris. After centrifugation, polymeric debris was washed 

with the solvent to extract any adhered drug and the clear 

supernatant solution was analysed by UV spectrophotometer at 

230, 278 and 672 nm for etoricoxib, GE and BE, respectively [16]. 

Encapsulation efficiency was determined using equation 1. 

Encapsulation efficiency (%) = [1-(Drug in supernatant liquid / 

Total drug added)] x 100                        equation 1 

Scanning electron microscope (SEM) analysis: The SEM 

analysis of nanoparticles was performed for analysing the surface 

properties of nanoparticles. SEM study was carried out using Zeis 

EVO analyzer at USIC, BabasahebBhimraoAmbedkar University, 

Lucknow, India. 

In-vitro drug release study: The in-vitro drug release of prepared 

formulations was determined by using USP type 1 dissolution test 

apparatus at 50 rpm and 37±0.5 °C. To carry out dissolution study 

of the sample, 900 ml of 0.1 N HCl was used as dissolution 

medium. Sample (5 ml) was taken at predetermined time intervals 

and absorbance was determined using UV spectrophotometer 

simultaneous for etoricoxib, GE and BE at 230, 278 and 672 nm, 

respectively. 

Step 2: Preparation of in-situ gel containing nanoparticles  

 The In-situ gel containing nanoparticles were prepared by 

utilizing previously prepared nanosuspension as base. To the 

prepared nanosuspension, various concentrations (table 2) of 

sodium alginate and calcium carbonate were added into 

nanosuspension with continuous stirring and at 40±0.1 °C. The in-

situ gel, containing nanoparticles was successfully prepared. 

 Characterization of in-situ gel containing nanoparticles  

 pH measurement: The developed in-situ gel forming 

systems were evaluated for pH by using digital pH meter 

(Systronics,Type:362). Solution of 1 % w/v of the formulation was 

prepared and the pH was shown as average of triplicate studies 

with standard deviation. 

 Viscosity: The viscosity of the fabricated formulation was 

determined using Brookfield viscometer (Model RVF-100). 

 Floating behavior: The floating ability of the prepared 

formulations was evaluated in 0.1 N HCl solutions. Floating 

behavior of prepared gel was evaluated in terms of floating lag 

time and duration of floating. Studies were carried out thrice and 

result was shown as average of three readings. 

 Floating lag time: The time at which gel comes to the 

surface for floatation is known as floating time. It is determined by 

taking 200 ml of 0.1 N HCl in a beaker and adding 5 ml of the 

prepared formulation. The time required by the gel to float from 

lower surface to the upper surface was noted.  

 Floating time: The time duration till which the gel keeps 

floating is known as floating time. It is determined by taking 200 

ml of 0.1 N HCl in a beaker and adding 5 ml of the prepared 

formulation.  

 Drug content: Drug content was calculated to determine 

the efficacy of the process of formulation.  Formulation (1 ml) was 

transferred in 10 ml volumetric flask containing 5 ml of 0.1 N HCl 

followed by continuous shaking to give a transparent solution. 
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Ultimate volume was adjusted to 10 ml with the help of 0.1 N HCl 

and solution was filtered using Whatman filter paper (41 No.). The 

absorbance of the sample was determined by using UV 

spectrophotometer at 230, 278 and 672 nm for etoricoxib, GE and 

BE, respectively. 

 In-vitro drug release study: The in-vitro drug release of 

prepared formulation was determined by using USP type 1 

dissolution test apparatus at 50 rpm and 37±0.5 °C. To carry out 

dissolution process, 900 ml of 0.1 N HCl was used as dissolution 

medium. Sample (5 ml) was drawn up at regular time interval with 

the help of syringe. The absorbance of the sample was determined 

by using UV spectrophotometer at 230, 278 and 672 nm for 

etoricoxib, GE and BE, respectively 

 In-vitro cytotoxic study: In vitro anti cancerous activity of 

nanoparticles was performed against human colon cancer cell line 

(HT-29) at Anti-Cancer Drug Screening Facility (ACDSF) at 

ACTREC, Tata Memorial Centre, Navi Mumbai. 

Sulphorhodamine B (SRB) method was employed for the activity. 

HT-29 cells were incubated at 37 ˚C into 96 well microtier plates 

for 24 h. The microtiter plates were incubated with 5 % CO2, 95 % 

air and 100 % relative humidity for 24 h at 37 ˚C, after inoculation 

of the cell and before the addition of experimental drugs. Test 

samples were dissolved in dimethyl sulfoxide at 100 mg/ml and 

diluted up to 1 mg/ml using water and stored in cold before use. 

Cold concentrate (1 mg/ml) was melted and dilutions of test 

samples were prepared in concentration of 2, 4, 8 and 10 μg/ml 

solution. The samples were added into the plates. After that, the 

plates were kept up to 48 h for incubation at standard condition. 

The reaction was stopped by the addition of cold trichloroacetic 

acid (TCA). With the help of moderate addition of 50 µl of cold 

30 % w/v TCA (final concentration, 10 % TCA), the cells were 

fixed. Further it was kept for incubation for 60 min at 4 ˚C. After 

the completion of incubation period, the supernatant was disposed. 

The plates were washed upto five times with distilled water and 

then the plates were air dried. The Sulforhodamine B (SRB) 

solution (50 µl) of 0.4 % w/v in 1 % acetic acid was added at room 

temperature in each of the wells. The plates were kept for 

incubation for 20 min. After incubation washing of the plates was 

done with 1 % acetic acid solution for the removal of unbound 

dye, and the plates were dried. The bound stains were 

subsequently eluted with 10 mMtrizma base and the absorbance 

was taken at a wavelength of 540 nm with 690 nm reference 

wavelength. 

 

Table 1.Preparation of Nanoparticles 

Formulation Parameters 

Concentration of Polymer 

(TSP) (µg/ml) 

Concentration 

Etoricoxib 

(µg/ml) 

Ethanolic extract of Ginger 

stem (µg/ml) 

Ethanolic extract of Basil 

leaf (µg/ml) 

T1 100 100 4.861 4.323 

T2 100 80 4.861 4.323 

T3 100 60 4.861 4.323 

T4 60 100 4.861 4.323 

T5 60 80 4.861 4.323 

T6 60 60 4.861 4.323 

T7 80 100 4.861 4.323 

T8 80 80 4.861 4.323 

T9 80 60 4.861 4.323 

 

Table 2.Preparation of in-situ gel containing nanoparticles. 

Batches Parameters 

Concentration of polymer 

(TSP) (µg/ml) 

Concentration of sodium alginate 

(mg/ml) 

Concentration of calcium 

carbonate (mg/ml) 

F1 100 150 150 

F2 200 150 150 

F3 250 150 150 

F4 100 200 150 

F5 200 200 150 

F6 250 200 150 

F7 100 100 150 

F8 200 100 150 

F9 250 100 150 

3. RESULTS  

3.1. Characterization of nanoparticles. 

 Physical appearance: The prepared nanosuspensions were 

homogenous in nature. 

 Particle size: Particle size of formulated nanoparticles was 

determined using zetaanalyzer. Particle size of nanoparticles was 

observed in the range of 498 (T1) nm to 587 nm (T9). 

Nanoparticles of formulation T1 and T2 have almost same size 

498-499 nm. 

 Entrapment efficiency: Entrapment efficiency was 

performed to determine the quantity of drug present in 

nanoparticles. The entrapment efficiency of etoricoxib was found 

in the range of 79.45±0.01 (T6) to 71.38±0.01 (T5); GE 

74.25±0.02 (T1) 69.25±0.05 (T9) and BE 75.59±0.08 (T6) to 

69.48±0.09 (T1) as depicted in table 3. 

  Scanning electron microscope (SEM) analysis: SEM 

images of nanoparticles (T1 and T2) are shown in figure 1. It can 

be observed from the SEM images that nanoparticles were 

spherical in shape. Formulation T1 and T2 showed smallest size of 

nanoparticles with good entrapment efficiency of etoricoxib, GE 

and BE, so found appropriate for SEM analysis. 
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Figure 1. Figure 1:SEM images of nanopartilcles (a) T1) and (b) T2. 

 
Figure 2. Cumulative drug release (%) study of etoricoxib from prepared 

nanoparticles (a) T1, T2, T3, T4 and T5, (b) T6, T7, T8 and T9. 

 

  In vitro drug release study: To characterize the in vitro 

drug release study, graph was plotted between cumulative drug 

release (%) and time (min). The results showed that all the 

formulation from T1 to T9 containing APIs showed constant drug 

release. The formulations showed about 50 % release of etoricoxib 

at 400-500 min as shown in figure 2. About 99% drug release was 

achieved by all the formulations in 12 h. 

3.2. Characterization of In-situ gel containing nanoparticles 

  pH: The pH of the formulations was found to be in the 

range of 7.1±0.04 (F2 and F9) to 7.5±0.02 (F7). pH of all the 

formulations was observed in neutral range. 

  Viscosity: The viscosity of the prepared formulation was 

found in the range of 11.25±0.023 (F1) to 12.78±0.015 cps (F4).  

  Floating behaviour:  

a) Lag time: Minimum floating lag time was observed in case of 

formulation F9 (11±0.1 sec) while F1 showed maximum lag time 

(20±0.1 sec). 

b) Floating time: all the formulations float for ˃24 h. It shows 

that all the formulations were able to float in the stomach for more 

than 24 h. Etoricoxib release was achieved by all the formulations 

in 12 h. 

 
Figure 3. Release study of etoricoxib from formulation (a) F1, F2, F3, F4 

and (b) F5 F6, F7, F8, F9. 

 
Figure 4. Cumulative drug release (%) study of GE from prepared 

nanoparticles (a) F1, F2, F3, F4 and F5, (b) F6, F7, F8 and F9. 
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Figure 5. Cumulative drug release (%) study of BE from prepared 

nanoparticles (a) F1, F2, F3, F4 and F5, (b) F6, F7, F8 and F9. 

 
Figure 6. In-vitro cytotoxic activity of F1 and blank against human colon 

cancer cell line (HT-29). 

 
Figure 7. Bright field image of HT-29 cells treated with F1 after 24 h. 

 

  In-vitro drug release study: In vitro drug release studies 

from in situ gel was only performed for synthetic drug i.e. 

etoricoxib. The graph is plotted between cumulative drug release 

(%) and time (min) as shown in figure 3. The results depict that all 

the formulations showed sustained release of drug in 90 min, 

immediate release after 90 min and after that gradual increase has 

been observed till 480 min where drug was released up to 99 %. 

The formulation F1 to F9 containing ethanolic extract of ginger 

rhizome showed immediate release of GE extract (ethanolic ginger 

rhizome) as shown in figure 4. Formulation F1 and F4 showed 

more release of GE (40-60 %) in 200 min. between 200-400 min, 

all the formulations showed sustained release of GE. After 400 

min, there was continuous increase in release of drug upto 12 h.  

Release of BE (ethanolic extract of basil leaves) from prepared 

nanoparticles was shown in figure 5. All the formulation showed 

about 50% BE release in 300-360 min. All the formulations 

showed 80-99% drug release between 660-720 min. 

Kesaarlaet al also observed that nanoparticles with in situ gel 

formulation provide sustained drug release for 12 h [17]. 

  In vitro cytotoxic study: Cytotoxic activity of formulation 

F9 was performed against human colon cancer cell line (HT-29). 

Cytotoxic activity was evaluated in terms of control growth (%) as 

shown in figure 6. Formulation F9 was also prepared without 

herbal extract (Blank) keeping all the parameters constant and 

evaluated for cytotoxic effect. Figure 6 easily predicts that without 

herbal extract (BE and GE) formulation F9 was less toxic to HT-

29 cells. It can be concluded from the findings that utilization of 

herbal BE and GE potentiate the cytotoxic effect of etoricoxib 

against human cancer cell line (HT-29) in in-vitro conditions. 

 

Table 3.Characterization of nanoparticles. 

Drug Content (%) Particle size 

(nm) Batches Etoricoxib Ethanolic extract of 

Ginger root 

Ethanolic extract of 

Basil leaf 

T1 71.95±0.01 74.25±0.02 69.48±0.09 498 

T2 74.84±0.01 72.56±0.01 73.15±0.06 499 

T3 75.05±0.01 71.25±0.06 72.25±0.05 544 

T4 72.15±0.01 69.25±0.05 71.15±0.07 523 

T5 71.38±0.01 70.25±0.04 72.58±0.06 573 

T6 79.45±0.01 71.59±0.09 75.59±0.08 511 

T7 76.08±0.01 72.15±0.06 73.25±0.02 554 

T8 73.78±0.01 70.45±0.07 71.25±0.06 585 

T9 77.45±0.01 69.25±0.09 74.15±0.03 587 
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Table 4. Characterization parameters of nanoparticles consisting in situ gel forming system. 

Batches Characterization Parameters 
pH Viscosity (cp) Lag Time (sec) Floating Time (h) 

F1 7.2±0.03 11.25±0.023 20±0.1 ˃24 

F2 7.1±0.04 12.45±0.025 12±0.1 ˃24 

F3 7.4±0.01 11.78 ±0.021 16±0.2 ˃24 

F4 7.3±0.03 12.78 ±0.015 15±0.8 ˃24 

F5 7.4±0.01 12.45±0.019 17±0.5 ˃24 

F6 7.2±0.04 13.25±0.013 16±0.2 ˃24 

F7 7.5±0.02 11.78±0.025 14±0.4 ˃24 

F8 7.3±0.03 11.74±0.032 13±0.2 ˃24 

F9 7.1±0.04 12.35±0.015 11±0.1 ˃24 

 

4. CONCLUSIONS 

 The present research focused on the fabrication of In-situ 

gel containing nanoparticles. These nanoparticles were fabricated 

by using etoricoxib as drug and Tamarind seed polysaccharide as 

polymer. It was concluded from the whole research that the In-situ 

gel containing nanoparticles of etoricoxib from solvent antisolvent 

method was successfully prepared and found that it has improved 

solubility and dissolution rates. The method used to prepare the In-

situ gel containing nanoparticles was easy to control, rapid, less 

expensive and reproducible. The enhanced solubility of etoricoxib 

by fabricating nanoparticles leads to evoke dissolution rates also. 

The characterization including particle size, zeta potential, 

scanning electron microscopy, in-vitro release study, drug content 

was carried out. It can also be concluded that etoricoxib with 

phytoconstituents (GE and BE) improved its potential to control 

the growth of human colon cancer cell line (HT-29) in in-vitro 

conditions. In vitro drug release study showed that all formulation 

releases the drug constantly. The formulations showed about 50% 

release of etoricoxib at 400-500 min and about 99% drug released 

by all formulation. In vitro can also show that all formulation 

showed sustained release of drug in 90 min, immediate release 

after 90 min and after that gradual increase has been observed till 

480 min where drug release was upto 99%. 
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