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FORMULATION AND CHARACTERIZATION OF RUTIN LOADED 

CHITOSAN NANOPARTICLES 

 

ABSTRACT 

New drug delivery technologies are transforming drug discovery and development, as well as 

establishing research and development-focused pharmaceutical firms that are accelerating global 

progress. The bioactive rutin molecule is used in a wide range of food and medicinal goods. Its 

limited bioavailability and poor water solubility are major issues. Rutin is a polyphenolic natural 

compound with antibacterial, anticancer, antioxidant, chemopreventive, and anti-inflammatory 

activities. However, no research has been published to yet to improve its bioavailability and 

efficacy. As a result, an attempt was made in this study to load rutin into a nanoparticlulate system 

in order to improve its bioavailability and efficacy. Six formulations (F1-F6) of nanoparticles were 

prepared by solvent evaporation technique and were evaluated for particle size and shape using 

Zeta Sizer, Scanning Electron Microscopy (SEM) and Fourier Transform Infra-Red (FT-IR) 

Spectroscopy. The optimized formulation was further subjected to in vitro evaluation. Practical 

percent yield, drug entrapment efficiency and in vitro drug release were evaluated. Out of various 

formulations F1 have shown best results in particle size 80.71 (1-100 nm), particle shape 

(spherical nanoparticles with a smoothed surface), average size distribution (105.0), zeta potential 

(-20.6) percentage yield (70.83), drug entrapment efficiency (83.6 %) and drug loading (95%). 

Pure rutin showed incomplete dissolution of 47.69% in 330 min while Rutin loaded nanoparticles 

gave 94.75% release in 330 min. It is obvious from the foregoing that rutin chitosan nanoparticles 

were used as a novel drug delivery technology to improve therapeutic efficacy and sustained 

release features while overcoming issues such as poor solubility and limited bioavailability. 

 

Keywords: Rutin,  Nanotechnology, Rutin loaded chitosan nano particle, Scanning Electron 

Microscopy (SEM),  Fourier Transform Infra-Red (FT-IR) Spectroscopy and Zeta Sizer. 
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1. INTRODUCTION 

Many medications have been put into the market in recent years that have poor therapeutic 

stability due to their low water solubility. Many formulations fail to address solubility 

difficulties, particularly for medications classified as class II and IV by the Biopharmaceutical 

Classification System (BCS). If class II and IV medications are manufactured in this manner, 

they will have low solubility and permeability, resulting in decreased bioavailability, limited 

selectivity, high toxicity, and greater adverse effects. Nanoparticle-based innovative drug 

delivery systems offer a lot of promise and can be an effective treatment method for 

medications in classes II and IV. Improved bioavailability, high drug load capability, high 

stability, extended pharmacokinetic profile, low dosing frequency, improved site specific 

delivery, and feasibility of hydrophilic and hydrophobic substances of incorporation are all 

benefits of this technological advancement in nanoparticles [1,2]. In recent years, various 

approaches like micro/nano carriers, particularly nanoparticles and nanofibers, have gained 

much importance for enzyme immobilization. Liposomes, micelles, and phospholipid 

complexes are other promising novel formulations, which appear to provide longer circulation, 

better permeability, and resistance to metabolic processes. Nanoparticles are particles between 1 

and 100 nanometers in size. In nanotechnology, a particle is defined as a small object that 

behaves as a whole unit with respect to its transport and properties. Targeted drug delivery 

implies selective and effective localization of drug into the target at therapeutic concentrations 

with limited access to non-target sites. Nanomedicine can be utilized as a valid treatment 

because the development of the disease occurs at the cellular level. When combined with good 

drug carriers, nanoparticles' promising properties play a crucial role. Chitosan is a natural 

polymer made from the N-deacetylation of chitin, which is found in the shells of marine 

crustaceans, that is biocompatible, hemocompatible, biodegradable, and has a high drug loading 

efficiency when employed as a polymer in nanoparticle formulation [3–7]. As a result, an 

attempt was undertaken in this study to load rutin into a nanoparticulate structure in order to 

improve its bioavailability and efficacy. Flavonoids are chemicals found in plants that are 

consumed as fruitlets, nuts, vegetables, and derivative foods like wine and brunette. The diets of 

western countries are largely comprised of quercetin. Quercetin is a flavonoid that can be found 

in foods that contain sugars, primarily as -glycosides. The glycoside that connects the flavonol 

quercetin and the disaccharide rutinose is rutin, also known as rutoside. This citrus flavonoid 

can be found in a wide range of plant species. Rutin is a nutritional flavonoid that has gotten a 

lot of attention because of its pharmacological effects, which include antibacterial, anti-
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inflammatory, anticancer, antidiabetic, and so on. Despite their lack of traditional nutritional 

value, flavonoids are being more recognised as valuable dietary elements that may act as 

potential defenders against human diseases such as coronary heart disease, cancer, and 

inflammatory bowel disease. Rutin has been discovered to be a quercetin releaser in the gut; 

additionally, because quercetin is widely broken down in the gut, the quercetin released from 

rutin and/or its colonic metabolites may play an important role [8, 9, and 10]. 

2. MATERIALS AND METHODS  

2.1 Preparation techniques of nanoparticles 

The medication may become imprisoned in the reservoir or matrix, or it may be absorbed on the 

particle systems' surfaces. Using appropriate techniques, the polymers are tightly shaped to 

nanomeric size range particles. To make rutin chitosan nanoparticles, researchers used the 

coacervation/ionic gelation approach. 

2.1.1 Coacervation or ionic gelation method 

 

This method was developed by Calvo and co-worker in 1997. In this method polymer solutions 

and polyanion solutions are mixed to form nanoparticles. The CSNPs are formed due to the 

electrostatic interaction between positively charged amine group of chitosan and negatively charge 

group of polyanion such as tripolyphosphate. This technique offers a simple and mild preparation 

method in the aqueous environment. First, chitosan can be dissolved in acetic acid in the absence 

or presence of stabilizing agent, such as poloxamer, Tween80 which can be added in the chitosan 

solution before or after the addition of polyanion. Polyanion such as TPP (sodium 

tripolyphosphate) was then added and nanoparticles were spontaneously formed under mechanical 

stirring at room temperature. The material undergoes transition from liquid to gel phase due to 

interaction. Using this method different proteins and peptides has been loaded [11]. 

 

 

 



 

4 
 

Figure 1: Coacervation or ionic gelation method 

   2.1.2 Need/ Scope of the research work 

 
The purpose of this research is to focus on recent studies on various therapeutic uses of rutin, 

issues related with rutin delivery, and approaches to improve rutin bioavailability utilising 

innovative nanotechnology techniques. The following are some of the advantages of using 

nanotechnology: 

1. Improve the ability to deliver drugs that are poorly water soluble. 

2. Provide site-specific targeting to reduce drug accumulation within healthy tissue. 

3. Help retain the drug in the body long enough for effective treatment. 

4. Allow for the transportation of drugs across epithelial and endothelial barriers. 

5. Combine therapeutic and diagnostic modalities into one agent. 

6. High stability conferring long shelf lives. 

7. High carrier capacity. 

8. Feasibility of incorporation of both hydrophilic and hydrophobic substances. 

9. Controlled drug release from the matrix. 

10. Due to site specific action, reduction in quantity of drug and safe delivery to target 

tissue. 

   2.2 Preparation of Rutin nanoparticles 

 

The nanoparticles (NPs) were produced by ionic gelation method or coacervation. In brief, 

chitosan solution (2 mg/mL) was prepared by dissolving chitosan in 3% (w/v) acetic acid 

solution and kept under stirring overnight at room temperature. Rutin was dissolved in 

ethanol (70%), mixed with the chitosan solution and stirred for 30 min. TPP (1mg/ mL) was 

added drop wise to the chitosan-rutin mixture with continuous stirring. After formation of 

NPs, the colloidal suspension was left for stirring for next 2 hours for particle hardening. The 

RCNPs (Rutin chitosan nanoparticles) were separated by centrifuging the suspension at 

12,000g for 10 min. The supernatant was used to determine the entrapment efficiencies, 

whereas the pellet was used in the release, sizing and surface charge studies. The RCNPs 

pellet was suspended in water, centrifuged and freeze [12, 13, 14 15 ]. 

Table 1: Formulation of rutin loaded chitosan nanoparticles 

 
S. No Ingredients                                 Formulations 

F1 F2 F3 F4 F5 F6 
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1 Rutin 100 mg 100 mg 100 mg 100 mg 100 mg 100 mg 

2 Chitosan 100 mg 200 mg 300 mg 400 mg 500 mg 600 mg 

3 Acetic acid 3 % 3 % 3 % 3 % 3 % 3 % 

4 Sodium 

tripolyphosphate 

1 

mg/ml 

1 

mg/ml 

1 

mg/ml 

1 

mg/ml 

1 

mg/ml 

1 

mg/ml 

5 Distilled water 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 

 

 
 
 

Figure 2: Preparation of nanoparticles by ionic gelation method 

 
 2.3 Evaluation of Rutin nanoparticles 

 

The rutin nanoparticles were evaluated for particle size, shape, zeta potential, percent 

practical yield, drug entrapment efficiency, percent of drug loading and in vitro drug release. 

A) Determination of Particle Size and Zeta potential 

Scanning Electron Microscope was used to measure the particle size of NPs (SEM). The 

nanoparticles were placed on aluminium stubs for this purpose, and the surface was covered 

with gold particles using a sputter coater. Scanning electron microscopy (SEM) (Hitachi-S 

3400 N) at 15 kV and 750 mA was used to determine the shape of the NPs. All 

measurements were carried out at a temperature of 25°C. A Zeta sizer was used to determine 

the Zeta potential of drug-loaded ceramic nanoparticles. Nanoparticle samples were diluted 

with water and placed in an electrophoretic cell with an electric field applied to assess the 

zeta potential. Each sample was examined three times. Figures 3, 4 and 5 show SEM 

pictures, particle size data, and Zeta potential studies. 
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B) Fourier Transform Infrared Spectroscopy (FT-IR) analysis 

 
The FT-IR spectra of chitosan and NPs were recorded on a FTIR spectrometer using KBr 

pellets at a resolution of 4cm
-1

. The IR absorbance were analysed between 400 to 4000 cm
-1

 

for detection of any changes in the intensity of the sample peaks. 

C) Determination of Percentage Practical yield 

 
Dried nanoparticles were collected and weighed to determine practical yield (PY) from 

the following equation. 

 
PY% = 

Nanoparticle weight 

Theoretical mass (Polymer + Drug + STPP)    
X 100

 
 

D) Determination of Entrapment Efficiency (%EE) and Percentage of Drug loading 

 

Drug solution of different concentrations was added to volumetric flask containing an 

accurately weighed amount of sugar coated ceramic core (25 mg). The flasks were stoppered 

and shaken vigorously at 130 rpm for 24 hrs. The particles were placed in tray containing 

water (room temperature) and left for about 1 hour with timely shaking. Nanoparticles were 

prepared. Suspension was centrifuged at 15000 rpm, 5 minutes and 12.5°C for the dispersion. 

Ceramic nanoparticles were separated and air dried [16]. 

Nanoparticles 50 mg were dissolved in 100 ml of phosphate buffer pH 6.8 and the drug 

amount was determined by UV analysis. The encapsulation efficiency was determined as the 

mass ratio of entrapped rutin in nanoparticles to the theoretical amount of the drug used in the 

preparation. The entrapment of the rutin nanoparticles was expressed as loading capacity. 

 
EE% = 

Experimental drug content   

Theoretical drug content      
X 100

 
 

The percentage drug loading of nanoparticles was calculated by the following 

equation. The amount of drug in supernatant was calculated from concentration values 

obtained from the calibration curve of spectrophotometric analysis of the samples at 257 

nm.

 
Drug loading = 

Total rutin added in system − Drug present in supernatant 

Total amount of nanoparticle obtained 
X 100
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Results of Entrapment efficiency and Percentage of drug loading were reported in table 5. 

E) In-vitro drug release studies 

Dry drug loaded nanoparticles equivalent to 10 mg of pure drug were carefully weighed and 

transferred into empty capsules for in vitro release assays. In vitro release of rutin from optimum 

nanoparticles was studied by direct dissolution method. In vitro release studies were performed by 

accurately weighing dried drug loaded nanoparticles equivalent to 10 mg of pure drug, and 

transferring into empty capsules. Dissolution was performed using capsules as reported in USP/NF, 

by the use of USP type I (Basket) dissolution apparatus. At pre-determined time intervals, 5 ml of the 

release medium was removed and replaced with 5 ml of fresh phosphate buffer solution pH 6.8. The 

samples were analyzed for cumulative percent drug dissolved/released by UV spectrophotometry 

[17]. 

The capsules were disintegrated using the USP type I (Basket) dissolution apparatus, as described in 

the USP/NF. 5 ml of the release medium was removed and replaced with 5 ml of new phosphate 

buffer solution pH 6.8 at predetermined time intervals. UV spectrophotometry was used to determine 

the cumulative percent medication dissolved/released in the samples. Table 6 summarises the findings 

of in vitro drug release (cumulative drug release) investigations. 

3. RESULTS AND DISCUSSION 

3.1 EVALUATION OF NANOPARTICLES 

3.1.1 Determination of Particle size and Zeta potential 

The SEM images of chitosan nanoparticles showed spherical particles. The particle size was 

uniform and particles were mostly single (discrete), however, a few aggregates were also visible. 

The particle size of the rutin chitosan loaded particles was found to be within the nano range. 

Table 2: Average particle size of chitosan nanoparticles 
 
 

Particles Particle size, (nm) (AM ± SD)* 

Rutin  chitosan loaded 
Nanoparticles 

80.716 ± 12.404 

                       *Each value represents the mean of 3 determinations 
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Figure 3: Scanning Electron Microscopy images of chitosan nanoparticles 
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Figure 4: Size Distribution report of Nanoparticles 
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Figure 5: Zeta Potential report of Nanoparticles 
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    3.1.2 FTIR spectroscopy analysis 

 
KBr pellets of rutin-chitosan nanoparticles were prepared and the characteristic spectra were 

compared with literature values.  The FTIR spectra of chitosan, Sodium TPP, Chitosan and 

sodium TPP and nano particles are shown in the figure 6,7and 8.  The characteristic bands were 

reported in the Table 6 and all were found to be within the limits. 

 
 

Figure 6: FTIR spectra of Chitosan 

         

Figure 7: FTIR spectra of Sodium TPP 
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Figure 8: FTIR spectra of rutin, chitosan and sodium TPP 

 

Table 3: Comparison of characteristic FTIR bands of final rutin nanoparticles 
 
 

Characteristic bands Literature values, cm
-1

 Observed in this study, cm
-1

 

Rutin, chitosan, Sodium TPP 

OH stretching 

CH stretching 

C=O ketone 

C=C weak aromatic band 

 
3600-3200 

2950-2850 

1745 

1600-1400 

 
3402 

2921 

1743 

1561 

Chitosan 

C-O stretching 

C-H symmetric stretching 

C=O stretching 

CHOH 

 
1066 & 1028 

2921 

1670-1820 

1350-1480 

 
1028 

2924 

1654 

1425 

Sodium TPP 

P-O 

P-OH 

 
1050-1500 

450-970 

 
1052 &1453 

798 & 946 
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  3.1.3 Determination of Percentage Practical Yield 

 
Percentage practical yield of different formulations of rutin chitosan nanoparticles was 

calculated. It was reported in Table 4 and it is found that F1 has highest percentage (70.83) yield 

compared to other formulations and it is carried out for further evaluation. 

Table 4: Percentage yield of different formulation of rutin chitosan nanoparticles 
 
 

F Code Weight of Nanoparticles 

obtained (mg) 

Percentage practical  

yield (%) 

F1 42.8 70.83 

F2 63.2 66.52 

F3 82.4 63.38 

F4 93.12 56.43 

F5 103.6 51.8 

F6 101.3 43.10 

 

 
3.1.4  Entrapment efficiency and Drug loading 

 

Entrapment efficiency and drug loading of rutin chitosan nanoparticles of various formulations was 

calculated and reported in the Table 5. F1 was said to be the best formulation in which the entrapment 

efficiency was found to be 83.6 % and the amount of drug loaded was about 95 %. 
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Table 5: Entrapment efficiency and drug loading of different rutin chitosan nanoparticle 

formulations 

 

F Code Entrapment Efficiency Drug loading 

F1 83.6% 95% 

F2 76.8% 91% 

F3 75.6% 87.3% 

F4 74.0% 84% 

F5 72.4% 78% 

F6 71.2% 72.06% 

 

 
3.1.5 In vitro drug release studies: (Cumulative percentage release)  

The cumulative percentage release of different formulations of rutin chitosan nanoparticles and 

pure drug at   37 ± 0.5
o
C was carried out in Phosphate buffer solution pH 6.8 and was reported in 

Table 6 and figure 9. Pure rutin showed incomplete dissolution of 47.69% in 330 mins. In vitro 

dissolution studies indicated that the rutin chitosan nanoparticles released the drug in a controlled 

manner. Rutin loaded nanoparticles (F1) gave 94.75% release in 330 min. 
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Table 6: Cumulative percentage release of different formulations of rutin chitosan 

nanoparticles and pure drug rutin 

 

 

 

 
F code 

Cumulative Drug release (%), (AM ± SD) 

30 min 90 min 150 min 210 min 270 min 330 min 

Rutin 1.162 ± 

0.79 

3.282 ± 

0.84 

12.22 ± 

0.83 

24.67 ± 

2.43 

39.72 ± 

1.54 

47.69 ± 

2.41 

F1 1.363 ± 

0.096 

7.655 ± 

0.019 

13.139 ± 

0.02 

30.109 ± 

0.015 

56.644 ± 

0.011 

94.750 ± 

0.015 

F2 1.582 ± 

0.104 

7.053 ± 

0.117 

12.920 ± 

0.099 

27.501 ± 

0.122 

53.531 ± 

0.131 

92.872 ± 

0.144 

F3 1.472 ± 

0.104 

7.572 ± 

0.071 

13.422 ± 

0.119 

29.790 ± 

0.101 

56.66 ± 

0.097 

90.46 ± 

0.151 

F4 1.839 ± 

0.081 

9.806 ± 

0.136 

15.191 ± 

0.059 

31.595 ± 

0.081 

57.702 ± 

0.119 

89.188 ± 

0.1 

F5 1.828 ± 

0.09 

11.165 ± 

0.296 

18.373 ± 

0.086 

36.145 ± 

0.157 

58.604 ± 

0.136 

85.613 ± 

0.099 

F6 2.311 ± 

0.158 

12.551 ± 

0.15 

19.759 ± 

0.091 

35.890 ± 

0.091 

55.613 ± 

0.063 

81.072 ± 

0.107 

*Each value represents the mean of 3 determinations 
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Figure 9: In vitro rutin release profile from pure drug and various formulations 

of rutin nanoparticles in Phosphate buffer solution pH 6.8 

 

4. DISCUSSION 

Rutin Chitosan Nanoparticles 

Nanotechnology-based drug delivery systems improve therapeutic efficacy and reduce the 

negative side effects associated with conventional drugs, allowing for the development of new 

therapeutic classes and the re-investigation of pharmaceutically suboptimal but biologically 

active new molecular entities previously thought to be undevelopable [18, 19]. Six formulations 

of nanoparticles have been prepared and evaluated for various parameters. Normal range of 

particle size of nanoparticles was 1-100 nm. Obtained particle size was about 80.716 ± 12.40 

(nm) (AM ± SD).  This could have occurred because the rutin affected the crystalline state of the 

aggregated particles. Less the particle size, more will be the bioavailability and absorption of 

drug for producing a beneficial therapeutic effect. The average size distribution of the particles 

was found to be 105.0.  Zeta potential is a key indicator for the determination of stability of the 

nanoparticles in colloidal system. Higher number of either positive or negative charge repels 

each other which in turn prevent the aggregation. Zeta potential of rutin loaded nano particles 

was found to be -20.6. A high zeta potential will confer stability of the preparation that will resist 

aggregation. FTIR spectroscopy can efficiently identify molecules and their surface groups 
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within polymer matrices [20, 21]. The preparation contains rutin, chitosan, sodium TPP, and 

rutin loaded nanoparticles, according to the characteristic spectra of rutin, chitosan, sodium TPP, 

and rutin loaded nanoparticles. The chemical properties of the material can be seen in the spectra 

of nanoparticles. F1 has the highest percentage yield (70.83%). F1 had an entrapment efficiency 

of 83.6 percent, and the amount of drug loaded was around 95 percent. In 330 minutes, pure rutin 

showed incomplete dissolution of 47.69 percent. The rutin chitosan nanoparticles delivered the 

medication in a regulated manner, according to in vitro dissolution studies. In 330 minutes, rutin-

loaded nanoparticles released 94.75 percent of their rutin. As a result, nanoparticles appear to 

have the desired effect in the treatment of numerous cardiovascular disorders. 

 

5. CONCLUSION 

An ionic gelatine method was used to make a rutin chitosan nano formulation, which was tested 

for particle size, zeta potential, percent practical yield, drug entrapment effectiveness, surface 

morphology, percent of drug loading, and in vitro drug release. SEM morphology indicated 

spherical nanoparticles with a smoothed surface in rutin chitosan nanoparticles. When compared 

to pure rutin, the rutin chitosan nano formulation showed improved solubility. Novel drug 

delivery systems are now being investigated in order to improve therapeutic efficacy and long-

term drug release qualities while overcoming issues such as poor solubility and oral 

bioavailability. Nanotechnology could thus be a viable approach enabling rutin and other poorly 

soluble medications to be delivered orally. Nanotechnology has a lot of potential in terms of 

efficiency. 
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