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Abstract: In this study, we worked on developing, formulating, and investigating quercetin Eudragit 

S100/GMO nanoparticles for in-vitro antidiabetic activity by glucose uptake method. Quercetin is an 

active formulated into nanoformulation to improve its water solubility and improve in-vitro antidiabetic 

activity. Nanoparticles were made using a probe sonicator, Eudragit S100, Glyceryl Monooleate 

(GMO), and poloxamer 188. Particle size, Zeta potential, Differential Scanning Colorimetry (DSC), X-

ray diffraction (XRD), Entrapment efficiency, loading content, and in-vitro release are all used to 

characterize nanoparticles. They show approximately 78.82% encapsulation with an average size of 

161.3±0.66 nm and zeta potential +24.5Mv. The cumulative in-vitro drug release up to 12 hours was 

90.12%, indicating that quercetin-loaded Eudragit S100 nanoparticles are effective for glucose 

absorption. The presence of active chemicals in the formulation of quercetin-loaded Eudragit S100 

nanoparticles is responsible for greater antidiabetic efficacy by blocking carbohydrate-digesting 

enzymes with increased glucose absorption. As a result, it can potentially minimize postprandial 

hyperglycemia, and if the dosing regime is determined, it could be utilized to treat type 2 diabetes. 
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1. Introduction 

Diabetes mellitus is a metabolic condition characterized by excessive blood sugar levels 

and improper carbohydrate, protein, and lipid metabolism [1]. Insulin deficiency or 

insensitivity causes glucose to build up in the circulation, resulting in various secondary macro- 

and micro-vascular problems. Diabetes mellitus is becoming more common as a result of 

sedentary lifestyles and a resulting increase in obesity. Diabetes mellitus affects an estimated 

171 million persons globally [2]. Pharmacotherapy for diabetes mellitus control includes oral 

hypoglycemic medications, insulin, and a combination approach [3,4]. The disadvantages of 

current medicines include harmful side effects and continuous use, which leads to decreased 

effectiveness [5,6]. With the side effects and limitations of present treatments, continuing 

research is being undertaken on natural sources to develop new formulations for the effective 

management of diabetes and its consequences [7-11]. Plant bioactive chemicals have been 

found to inhibit digestive enzymes by their ability to bind to enzyme protein [12-14]. In 

diabetes mellitus, dietary fibers and their gelatinous polysaccharides also play a key role in 
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lowering postprandial plasma glucose levels. Several studies have demonstrated that proper 

glycemic control reduces the prevalence of retinopathy, nephropathy, and neuropathy, among 

other conditions [15-17]. 

Flavonoids are a polyphenolic structured type of secondary metabolite found in plants. 

Flavanols (quercetin, kaempferol), flavones, anthocyanins, and flavanones are the most 

common subgroups; they have different activities such as antioxidant, hepatoprotective, 

diarrhea, dysentery, astringent, nasal hemorrhage, anti-inflammatory, anticarcinogenic, 

antidiabetic, antiviral, and anticancer properties [18-20]. The polyphenolic flavonoid quercetin 

was swiftly bacterial activity or hydrolysis in the small intestine in the antidiabetic activity to 

produce quercetin aglycones, which were then converted back into the sulfated form of 

quercetin[21,22]. Quercetin has become a research hotspot for its antioxidant qualities, 

according to the bibliometric Analysis of the Web of Science database, as it has higher activity 

than biomolecules such as Trolox and rutinandascorbyl [23]. Quercetin is also used to treat 

osteoporosis, several forms of malignancies, and antiviral and cardiovascular diseases. At the 

same time, due to poor water solubility, bioavailability, and stability in the physiological media, 

quercetin's usage in pharmaceutical formulations is limited [24-26].  

One strategy to solve these issues is to use new nanotechnology-based technologies to 

entrap quercetin in biodegradable polymeric nanoparticles, which have been developed to 

increase quercetin bioavailability [27,28]. Delivery of bioactive chemicals has received more 

attention in recent decades, emphasizing the development of nanoparticles, which can be used 

to solubilize, target specific organs, protect, control release, and augment the action of a natural 

biomolecule[29-32]. The quercetin molecule has been successfully encapsulated in 

nanoformulation to treat many diseases[33]. Biodegradable polymers as drug carriers have 

unique properties like the ease of surface modification due to low toxicity, higher 

biocompatibility, and the ability to protect and increase the stability of the encapsulated 

medication. Eudragit S100 is a methacrylic acid and methyl methacrylate anionic copolymer. 

Glyceryl Monooleate (GMO)/Eudragit S100 is a surface-modified nanoparticulate system that 

includes GMO as a lipid component, Eudragit S100 as a polymer, and poloxamer 188 as a 

stabilizer [34,35,36]. 

The goal of this study was to design and evaluate selected Qu-loaded nanoparticles 

using quercetin as a model hydrophobic phytoconstituent into pharmaceutically suitable 

nanoformulation using a holistic approach against type 2 diabetes, taking into account the 

above-mentioned phytoconstituents mechanism of action. The potential antidiabetic effect of 

our planned nanoformulation was investigated using In vitro methods. The quality by design 

(QbD) approach can be utilized to get a better understanding of the process and formulation 

variables, resulting in product quality that is higher and more resilient while preserving the 

desired quality profile. 

2. Materials and Methods 

2.1. Chemicals. 

Poloxamer 188 was purchased from BASF (Mumbai) Kolliphor®, MONEGYL®-0100 

(GMO) from Mohini Organics Pvt. Ltd. (Mumbai). Quercetin was purchased from Loba 

Chemie., Eudragit S100, and the rest of the solvents and chemicals were obtained from 

Himedia Laboratories' Research Lab in Mumbai. 
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2.2. Formulation of nanoparticles.  

2.2.1. Preparation of nanoparticles using central composite design. 

The central composite design allows for the examination of a large number of 

independent variables in a small number of tests. A factorial design was used to explore the 

effect of changing the concentration of Eudragit S100 and poloxamer 188 on particle size and 

zeta potential. Batch number one was used for nanoparticle formulation according to the 

factorial design[37]. In molten 1.75 ml GMO, 100 mg of quercetin was dissolved. A total of 

12.5 ml of 0.1 % poloxamer 188 was added dropwise and sonicated for 3 minutes at 18 W. A 

2.4 % Eudragit S100 solution was added to the initial emulsion to produce the final 

nanoemulsion. The product was freeze-dried for 48 hours using percent mannitol as the 

cryoprotectant to generate a fine powder of nanoparticles. The whitish lyophilized product was 

then collected and stored at 4°C until needed[38,39]. 

2.3. Characterization of nanoparticles  

2.3.1. Particle size and charge Measurements. 

The mean polydispersity index and particle diameter of the nanoparticles were 

calculated using dynamic light scattering (Nanosizer N4 Plus, Beckman Coulter Inc., CA, 

USA). The electrical charge on the nanoparticles was measured using special electrophoresis 

(Zetasizer Zen Systems 3600, Malvern Instruments Ltd UK). The results were calculated in 

triplicate and shown as mean standard error.[40] 

2.3.2. FTIR spectroscopy.  

For the identification of functional groups contained in plant compounds, FTIR has 

shown to be a useful tool. By attaching an ATR accessory to an FTIR spectrometer, attenuated 

total reflection/Fourier transform infrared spectroscopy (ATR/FTIR) spectra were acquired at 

ambient temperature (Perkin Elmer, Spectrum 100) 

2.3.3. Differential scanning calorimetry. 

DSC was used to determine the phase behavior of quercetin, poloxamer 188, Eudragit 

S100, physical mixes, and Qu-loaded nanoparticles (2.0 mg 0.2). The thermal stability of CS 

nanoparticles was investigated using differential scanning calorimetry (DSC). (Hita., DSC-

7020) In an aluminum pan, 3–5 mg of the sample was crimped at 10°C min-1 at a heating rate 

of 30 to 300°C[41]. 

2.3.4. X-ray diffraction analysis. 

Quercetin, Poloxamer 188, Eudragit S100, and Qu-loaded were studied for XRD 

patterns. On a Rigaku Miniflex 600 with Cu K radiation at 40 kV and 45 mA backdrop, fewer 

sample holders were used to analyze nanoparticles. Diffractograms were acquired from 5° 

80°utilizing a step size of 0.02°, a count time of 2s, and a scanning speed of 2°/min[42]. 

2.3.5. Determination of % entrapment efficiency and % drug loading.  

Because insufficient trapping contributes to the drug's initial burst release, which could 

be attributable to the hydrophilicity of the Eudragit S100 polymer, entrapment efficiency has 
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been regarded as a significant metric. 20 mg of Qu-loaded nanoparticles were totally dissolved 

in 10 ml of DMSO. Before filtration, the resultant suspension was evaporated to remove any 

remaining solvent. The residue was then rinsed and diluted for 24 hours by gently shaking it at 

37°C. The solution was then centrifuged at 16,000 g for 10 minutes, and the supernatant was 

collected. An aliquot (1 mL) of supernatant was diluted to 10 mL with DMSO, and absorbance 

was measured at 259 nm using a UV spectrophotometer. The percentages of quercetin 

encapsulated in nanoparticles (% EE) and (% LC) were computed as follows: 

 

 

2.3.6 In vitro release studies. 

An in-vitro study of Qu-loaded nanoparticles was used to measure the release of 

quercetin at a certain pH, and experiments were carried out in several simulated fluids at varied 

pH levels. The process involves immersing four milligrams of Qu-loaded in phosphate-

buffered saline (PBS). For 12 hours, nanoparticles were suspended in PBS at various pH levels 

(2.0, 4.5, 6.8, and 7.4) in a dialysis membrane sac (MW cut-off 12 kDa; Sigma Aldrich). The 

encapsulated dialysis sac was submerged in 50 mL of PBS solution in a beaker. PBS; pH = 2.0 

for the first four hours, pH = 4.5 for the following five to nine hours, pH = 6.8 for the next 10 

hours, and lastly, pH = 7.4 for twelve hours. The 5 mL supernatant was collected in increments 

and examined on a 259 nm UV Spectrophotometer for quercetin estimation.[43,44] 

 

2.4. Study of In-vitro antidiabetic activity (by glucose uptake yeast cell method)  

The yeast suspension was made by washing it in distilled water many times until the 

supernatant fluids were clear (by centrifugation 3,000g× 5min). The supernatant fluid was used 

to make a 10% (v/v) suspension. 1 ml of 25 mM glucose solution was added to various 

quantities of extract (1000 g/ml) and incubated at 37°C for 10 minutes. The reaction was begun 

using 100 µl of yeast suspension, incubated, and vortexed for 60 minutes at 37°C. The reaction 

mixture was centrifuged (2,500g, 5 min) after 60 minutes, and glucose was measured 

spectrophotometrically at 565nm using the DNS method.[45] The following formula was used 

to compute the percentage increase in glucose absorption by yeast cells: 

 
The absorbance of the control reaction contains all reagents except test samples. The 

test sample's absorbance is the abs sample. Commercial baker's yeast (Easy Grow Baker's) was 

rinsed in distilled water several times before being centrifuged (3,000 g, 5 min) to achieve a 

clear supernatant. In addition, a 10% (v/v) suspension was made with the same. In 1 mL of 

glucose solution (5–25 mM), different amounts of both samples were added, and the mixture 

was incubated for 10 minutes at 37°C. The process was started by vortexing 100 liters of yeast 

suspension and incubating it at 37°C. Tubes were centrifuged (2500 g, 5 min) after 60 minutes, 
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and glucose was measured in the supernatant. Using the formula, the percentage increase in 

glucose absorption by yeast cells was computed [46,47]. 

3. Results and Discussion 

3.1. Formulation of nanoparticles using a central composite design. 

The goal of the study's optimization was to lower particle size with stable zeta potential. 

The optimum condition/central points (optimum) of the optimal combination regions were 

related to the following processing factors: Eudragit S 100 (gm) = 2.4 and Poloxamer 188 (gm) 

= 0.1. The overlay plot obtained by the experiment work was statistically examined using 

Design-Expert 11 software (Stat-Ease Inc., USA). ANOVA was used to determine the 

statistical accuracy of the polynomials.  

Table 1. Summary of experimental design. 

Std., Run Factor 1 Factor 2 Response 1 Response 2 

A: Eudragit S 100 

(gm) 

B: Poloxamer 188 (gm) Particle Size (nm) Zeta potential (mV) 

1 1.2 0.05 145 18.2 

2 1.2 0.10 147 22.3 

3 1.2 0.15 151 24.2 

4 2.4 0.05 151 24.5 

5 2.4 0.10 172 24.9 

6 2.4 0.15 182 28.1 

7 3.6 0.05 199 28.6 

8 3.6 0.10 207 30.6 

9 3.6 0.15 211 31.0 

To examine the interaction of independent and dependent factors, counterplots, 3D 

response normal probability, surface graphs, and perturbation plots were developed. The in-

range maximum, target, minimum, and none are used to optimize the formulation goal. The 

optimization techniques employed are both numerical and graphical. 

 
Figure 1. Central composite models of (A) 3-D plot of particle size (B) Normal residual plots (C) 3-D plot of 

zeta potential (D) Normal residual plots. 
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The following table 1 shows the criteria for nanoparticle optimization. Because the 

values of the center point provided by the overlay plot matched batch F5, it was chosen as the 

best batch.  

Figure 1 shows two regions: a yellow region indicating a design space area with 

possible response values and a grey region describing an area where the answer did not satisfy 

the quality product standards. The ideal condition/central points of the best combination areas 

(optimum) for the processing factors Eudragit (mg) =2.4 %and poloxamer 188 (mg) = 0.1 %. 

These conditions were used to estimate the formulation of nanoparticles with (nm) = 218 and 

Zeta potential (mV) = 11.50. 

3.2. Characterization of Qu-loaded nanoparticles 

3.2.1. Analysis of particle size and zeta potential. 

With PDI 0.148, the mean diameter of Qu-loaded nanoparticles was 161.30 nm. The 

surface charge of the particles has a zeta potential of +24.5 mV. 

 
Figure 2. Particle size and zeta potential of quercetin nanoformulation. 

3.2.2. FTIR of nanoparticles.  

A spectrum of the characteristic peak formed by FTIR for the Eudragit S100 (Figure 

3A) shows a stretch of carbonyl (ester) groups present in the Eudragit S100, and prominent 

bands may be seen in the spectra between 1150-1190 cm–1 and 1240-1270 cm–1. At 1734.01 

cm–1, There are also C (=O) ester vibration stretching bands. The FTIR spectra bands 1388.22, 

1449.97, 2953, and 2992.11cm–1 correspond to CHx vibration. OH stretch IR absorption 

frequency at 3437.91 cm–1 Poloxamer 188's carbon chain (Figure 3B) has an aliphatic C-H 

stretch of 2881.11 cm–1, a plane O-H bend of 1365.12 cm–1 and 1242.02 cm–1, a C-O stretch of 

1096.99 cm–1, and a CH=CR2 stretch of 840.46 cm–1. GMO's C=O functionality was seen with 

a high peak at 1738 cm–1 (Figure 3C). Broadband at 3194.61 cm–1 is associated with OH 

stretching and hydrogen bonding between phenolic hydroxyl groups in quercetin (Figure 3D). 

3190.38 cm–1 for O-H stretch, 2935.23 cm–1 for =C-H stretch, 1454.09 cm–1 for aromatic C=C 

stretch, and 1145.06 cm–1 for aromatic C-O stretch. At 1255.93 cm–1, the COOH stretch/bend 

is seen. At 1454.44 cm–1, aromatic ring stretching is found; the C-O stretch is 1021.45 cm–1. 

https://doi.org/10.33263/LIANBS132.062
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The O-H stretch of quercetin was no longer visible in the spectra of Qu-loaded nanoparticles 

(Figure 3E). These findings revealed that intermolecular hydrogen bonding occurred in the 

nanoformulation, associated with less crystalline than quercetin. Several investigations have 

shown that hydrogen bonding can influence drug crystal transition to an amorphous state. 

 
Figure 3. FTIR Spectra of Qu-loaded nanoparticles (A) Eudragit S100, (B) Poloxamer 188, (C) GMO, (D) 

Quercetin, (E) Quercetin nanoformulation 

3.2.3. Differential scanning colorimetry. 

Differential scanning calorimetry can provide information about the stability and 

physical and chemical properties of biomolecules placed into nanoparticles because it measures 

the temperature and energy variation in the phase transition of the material. As a result, the 

interaction between excipients and biomolecules can be determined by the disappearance of 

peaks at the same time as the development of new peaks that differ from the previous peaks in 

onset and shape. The emergence of a strong endothermic peak at 129.94°C was seen for 

quercetin (Figure 4A); the essential endothermic peak of poloxamer 188 (Figure 4B) was found 

to be at 58.92°C, which corresponded to its melting temperatures. While the Eudragit S100 

thermogram showed a large endothermic peak between 87.13°C and 226°C (Figure 4C), the 

thermogram of a physical mixture of quercetin, poloxamer-188, and Eudragit S100 revealed 

no changes in the peaks of the mixture components, showing that there is no interaction 

between them (Figure 4D). The absence of the quercetin's characteristic peak in the 

thermogram of Qu-loaded nanoparticles (Figure 4E) indicates complete encapsulation in 

amorphous or molecular dispersion within the nanoparticles. Thus, DSC tests show the 

compatibility of a biomolecule with the remaining components in the suggested 

nanoformulation, and they agree well with FT-IR and PXRD results.(48.49) 
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Figure 4. DSC thermogram of Qu-loaded nanoparticles (A) Quercetin, (B) Poloxamer-188, (C) Eudragit 

S100, (D) Physical mixture, (E) Quercetin nanoformulation. 

3.2.4. X-ray diffraction (XRD)  

The appearance of multiple distinct peaks at  12°, 16°, 25°, 28°, and 30° in the X-ray 

patterns of quercetin indicates its high degree of crystallinity. (Figure 5A), but poloxamer 188 

has distinct peaks at 2°, 19°, and 24° (Figure 5B). Eudragit S100 has three XRD peaks, each 

corresponding to two distinct crystalline structures. The anhydrous crystalline structure peaks 

at 15°, whereas the hydrated crystalline structure peaks at 10° (or two peaks at 8 and 12°). Due 

to its amorphous form, Eudragit S100 also has a large peak about Eudragit S100 at 20°, 

matching crystallographic planes (Figure 5C) [50, 51]. When compared to the pure forms, 

diffraction angle 2= (9°, 18°, 20°, 24°, and 36°) demonstrated that absorbed into the 

nanoparticles as in an amorphous state. (Figure 5D) As a result, the XRD quercetin fingerprints 

results support the DSC findings that quercetin crystallinity was reduced in the Qu-loaded 

nanoparticles with lower enthalpy and melting temperatures, showing that it was encapsulated 

within the Eudragit S100 nanoformulation [50.51]. 

 
Figure 5: XRD Pattern of Qu-loaded nanoparticles (A) Quercetin, (B) Poloxamer 188,  (C) Eudragit S100, 

(D) Quercetin nanoformulation. 
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3.2.5. Entrapment efficiency (EE) and loading content (LC). 

Changes in Eudragit S 100 and poloxamer 188 concentrations affect encapsulation 

efficiency and loading content. We chose 2.4% Eudragit S 100 and 0.1% poloxamer 188 

concentrations based on the influence of particle size and zeta potential. The quercetin in 

nanoformulation affects the EE and LC. Increasing the concentration of chitosan and 

poloxamer 407 was found to increase the EE and LC formulation to a specific concentration. 

The formulation of nanoparticles with Entrapment Efficiency (%) = 76.80 % and Loading 

Capacity (%) = 3.10 %. 

3.2.6. In vitro release study. 

In a vitro-release pattern, the formulation of quercetin (Figure 6) demonstrates superior 

drug release at 77.16 percent after 12 hours in a sustained manner. The optimum linearity 

connection in K-Peppas was discovered by fitting the data with n=2.350, and the cumulative 

drug release plot was determined to be linear (super case II transport). Non-Fickian release 

occurs when n is between 0.5 and 1.0, whereas Fickian diffusion occurs when n = 0.5. Case II 

transport is indicated when n = 1 for zero-order release; however, if n > 1, super case II transport 

is indicated. The release patterns in the test conditions indicate a short burst of quercetin 

followed by a steady release. On the hydrophilic Eudragit S100 lead, quercetin's 

hydrophobicity may have prevented excessive surface binding to small burst release, resulting 

in delayed release due to unique interactions between Qu-loaded nanoparticles [52]. 

The linearity for zero order y=7.9878x-4.4891 with R2= 0.979, for first-order y=-

0.086x+2.1588 with R2=0.9284 for Higuchi y=35.679x-38.674 with R2=0.9435, for Hixson 

Crowell y=0.101x+2.677 with R2=0.612, and for In K-Peppas, model the best linearity 

relationship was found by y=1.108x+07564 with R2=0.9819. 

 
Figure 6. In-vitro drug release plots in different kinetic models (A) zero order (B) First order (C) Koresmeyer-

Peppas (D) HIxob-Crowell (E) Higuchi. 
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The formulation of quercetin in-vitro release pattern has been proven to have better 

drug release 88.16 % after 12 hours in a sustained manner, as shown in the following table no 

2. 

Table 2. In-vitro drug releases in different kinetic models 

Kinetic 

Models 

 

Zero-order 

 

First-order 

 

Higuchi 

Hixon-

Crowell 

 

Sr. No. 

 

Time 

(h) 

 

%CR 

 

Log 

(time) 

 

Log 

(%CR) 

 

% DR 

Rem. 

 

Log % DR 

 

SQRT time 

 

Cube Root 

of DR 

1 1 5.85 0 0.7671 94.15 1.97382 1 1.80185 

2 2 13.08 0.3013 1.1166 86.92 1.93912 1.4142 2.356148 

3 3 19.21 0.4771 1.2835 80.79 1.90736 1.7320 2.678197 

4 5 25.46 0.6989 1.4058 74.54 1.87239 2.2360 2.941843 

5 7 56.56 0.8450 1.7525 43.44 1.63789 2.6457 3.838573 

6 10 77.81 1 1.8910 22.19 1.34616 3.1622 4.269187 

7 12 90.12 1.0791 1.9548 9.88 0.99476 3.4641 4.483396 

3.2.7. Assessment of in-vitro antidiabetic activity.  

The yeast cell glucose uptake method was used to assess the antidiabetic efficacy of 

Qu-loaded nanoparticles. The transfer of glucose throughout the yeast cell may be facilitated 

by the diffusion mechanism. When most of the glucose in the cell is utilized or transformed 

into other metabolites, the concentration in the cell drops. This situation encourages the cell to 

take in a lot of glucose. In the current situation, including Qu-loaded nanoparticles may allow 

high glucose transport within the cell down the concentration gradient. 

The glucose uptake activity of samples (Control, Standard Metformin, and Qu-loaded 

nanoparticles) by yeast cells is shown in the table below. This approach determines how much 

glucose is left in the medium. Qu-loaded nanoparticles had a percentage glucose uptake of 

30.13, while metformin had a percentage of [42, 53]. 

Table 3. Glucose uptake by yeast cells. 

Sample code Concentration mM 

Glucose uptake by Yeast cells 

Absorbance at 565 nm 
% Glucose uptake by 

Yeast cells 

Control - 0.73 - 

Standard(Metformin) 25 0.34 53.42 

Sample(Qu-loaded nanoparticles) 25 0.51 30.13 

The glucose uptake of yeast cells may be different from that of other eukaryotic or 

human body cells. Rather than the mediation of a phosphotransferase enzyme system or any 

other undiscovered activity, glucose transport across the yeast membrane may be facilitated 

diffusion. Several factors, including glucose levels inside the cells and subsequent glucose 

metabolism, influence glucose uptake by yeast cells. The internal glucose concentration will 

drop if most internal sugar is rapidly converted into other metabolites, favoring high glucose 

absorption into the cell. Increased glucose absorption in yeast cells was found after treatment 

with quercetin-loaded nanoparticles. 

4. Conclusions 

Herbal formulations are considered more effective than allopathic drugs because they 

have fewer side effects, are less expensive, are safer, and are more readily available. Inhibition 

of carbohydrate hydrolyzing enzymes (-amylase and -glucosidase) is one of the therapeutic 

strategies for decreasing postprandial hyperglycemia. According to the results, quercetin was 
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successfully synthesized into stabilized Qu-loaded nanoparticles, demonstrating greater 

benefits than the regular metformin drug. FT-IR, DSC, and XRD analysis showed no chemical 

interaction between quercetin and the Eudragit S100 polymer. 

The current study shows the nanoformulation antidiabetic effectiveness and indicates 

possible pathways for controlling blood glucose levels by inhibiting -amylase and -glucosidase 

and increasing glucose uptake activity. As a result, this study suggested that the developed 

stable formulation might be used as an antidiabetic regimen. As a result, more in vitro and in 

vivo research is needed to determine its multiple real targets and prove its antidiabetic 

effectiveness. Furthermore, a prescreening investigation for identifying and characterizing Qu-

loaded nanoparticles is advised. 
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