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Abstract

Out of different secondary metabolites, flavonoids attract the attention of researchers due to their 
pharmacological potential and health benefits. But solubility and bioavailability issues severely restrict 
their use. Development of nanoformulation of flavonoids is one of the solutions to overcome these 
issues. The purpose of this study was to develop and characterize chrysin (CHR) loaded nanoparticles 
(CHRNs) by nanoprecipitation technique with Eudragit® and polyvinyl alcohol (PVA) as carriers. 
Particle size, polydispersity index (PDI), zeta potential, scanning electron microscopy (SEM), Fourier-
transform infrared spectroscopy (FTIR) and X-ray powder diffraction (XRPD) was used to characterize 
the prepared CHRNs. The present study shows that CHRNs can be fabricated by a nanoprecipitation 
technique using the optimum weight ratio of CHR: Eudragit: PVA (1: 5: 5). The particle size, PDI, and 
zeta potential were found to be 238.1 nm, 0.434 and -20.1 mV. According to FTIR, CHR developed 
intermolecular hydrogen bonds with polymers (carriers). SEM imaging confirmed roughly spherical type 
particles with size of 100–400 nm. The results from the XRPD of the CHRNs showed that the crystal 
of the drug might be converted to an amorphous state. The release of the drug from the CHRNs was 
85.54% compared with the pure drug at 45.11%.
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Introduction

Since the beginning of time, natural remedies have 
been used to treat a variety of health conditions. 
One of the important types of secondary metabolites 
is polyphenolics. It consists of around 8000 
polyphenolic molecules that are found in various 
plants. The subclasses of polyphenolic substances 
include phenolic alcohols, stilbenoids, flavonoids, 
phenolic acids and lignans. Flavonoids have been 
recognized as one of the most significant and 
prevalent classes of all plant phenolics among 
these substances. This is due to their biological 
and pharmacological functions and the therapeutic 
effects on health (Gattuso et al., 2007). 

A natural  f lavonoid called chrysin (5,7- 
dihydroxyflavone) is derived from plants, propolis, 
and honey (Mutha & Surana, 2018; Mutha et al., 
2021). Numerous studies on chrysin (CHR) have 
shown that it has a wide variety of pharmacological 
and biological qualities, including effects that 
are protective, anti-allergic, antioxidant, anti-

inflammatory and anti-cancer (Anand et al., 2011; 
Ciftci & Ozdemir, 2011; Khan et al., 2012; Lim 
et al., 2011; Yang et al., 2013). CHR is of great 
interest for therapeutic research as well as health 
food supplements because of its abundance in 
plants, significant health benefits, nutritional benefits 
as well as low systemic toxicity. CHR’s limited 
water solubility, which significantly reduces its 
bioavailability, frequently restricts its use as a drug. 
It has been recommended that encapsulation into 
appropriate delivery vehicles can be used to alleviate 
this issue (Zhu et al., 2016). 

There has been significant scientific attention to the 
use of nanoparticle-based drug delivery systems 
as carriers for numerous big and small compounds 
during the past few decades (Nayak & Dhara, 2010; 
Pal & Nayak, 2010). In general, solid particles 
with a size between 1 to  100 nm are known as 
nanoparticles. Due to their stability and accessibility 
in surface modification, polymeric nanoparticles 
have gained the most attention among the numerous 
types of nanoparticles (Liu et al., 2008). 
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Treatment regimens have been completely 
transformed by nanocarrier’s capacity to direct 
medications to specific locations in the body. 
With this, it improves their therapeutic index, 
increases their solubility and prolongs their half-life. 
Polymeric nanoparticles are the most adaptable type 
of nanocarriers. This is because of their adjustable 
structure which allows them to customize their 
properties for different purposes (Bertrand et al., 
2014; Petros & DeSimone, 2010; Sunoqrot & 
Abujamous, 2019). 

The solvent displacement method commonly 
referred to as the nanoprecipitation method is 
the most basic technique for creating polymeric 
nanoparticles carrying drugs. Fessi and co-workers 
created and patented this technique initially (Fessi 
et al., 1989). 

The development and characterization of CHR-
loaded polymeric nanoparticles were the goals of this 
investigation. Polyvinyl alcohol (PVA) and eudragit 
were utilized in the nanoprecipitation method to 
produce CHR-loaded polymeric nanoparticles. It 
was anticipated that this approach would increase 
the drug’s rate of dissolving and hence increase 
its oral bioavailability. These nanoparticles were 
characterized by particle size, zeta potential, 
scanning electron microscopy (SEM), fourier 
transforms infrared spectroscopy (FTIR), X-ray 

powder diffraction (XRPD), encapsulation efficiency 
and in-vitro dissolution.

Materials and Methods

Materials

PVA, eudragit, acetone and CHR were purchased 
from Sigma-Aldrich. All chemicals used were 
of analytical grade. Deionized water was used 
throughout this study.

Method of preparation

The weight ratio used in the formulation for CHR: 
Eudragit: PVA was 1:5:5, i.e., 50 mg: 250 mg: 250 
mg. In 25 mL of acetone CHR and eudragit were 
dissolved (Internal organic phase). PVA was dissolved 
in 75 mL of distilled water (external aqueous phase). 
In the external aqueous phase, internal organic phase 
was quickly injected with continuous stirring at 1000 
rpm and then ultrasonicated using probe sonication 
(PCI Analytics, India). Rotary vacuum evaporation 
(SAM-REV-0.25, Spire automation, India) was 
used to remove acetone. After that, a freeze dryer 
(Southern scientific lab instrument, India) was used 
for lyophilization of the remaining fraction. The 
lyophilized powder was collected and stored in an 
air-tight container (Kumar et al., 2020; Wu et al., 
2008). 

Figure 1: Method of preparation of CHR-loaded nanoparticles (CHRNs)
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Particle size, zeta potential, and polydispersity 
index (PDI)

Particle size, PDI and zeta potential were determined 
with the help of Malvern Zetasizer Nano-ZS, 
UK. DLS techniques were used to measure the 
size of the particles. By using Laser-Doppler-
microelectrophoresis, the surface charge (zeta 
potential) of the nanoparticles was determined. For 
the purpose of determining the CHRNs’ particle size 
and zeta potential, it was diluted in deionized water 
(Awet et al., 2018). 

Fourier transform infrared spectroscopy

Using an FTIR spectrometer (IR Affinity, Shimadzu), 
FTIR spectra of pure CHR powder, eudragit, PVA, 
and freeze dried CHRNs were obtained. Each sample 
was combined at 1:100 with IR grade  potassium 
bromide before being placed directly on the pan for 
the FTIR analysis. The FTIR analysis was done in 
a scanning range of 4000 cm-1 to 400 cm-1 (Jiang et 
al., 2019; Tade et al., 2018).

X-ray powder diffraction

X-ray diffraction utilizing a Bruker D8 advance 
diffractometer with CuKα (λ=1.5406Å) radiation 
was used to characterize the powders (Bruker AXS, 
D8 Advance). Dry samples (CHR powder, eudragit, 
PVA and CHRNs) were recorded in the scattering 
range of 2θ (0°-60°) at a 151 speed of 2°/min at 
room temperature (Bi et al., 2016; Wu et al., 2019). 

Scanning electron microscopy 

The produced nanoparticle’s structural morphology 
was investigated using SEM. An SEM, Jeol 
JSM-5800 LV model, Japan, with an accelerating 
voltage of 15 kV, was used to image the produced 
nanoparticles after they had been sputter coated 
with gold using SPI 11430 sputter coater (Naik et 
al., 2016; Zhong & Yun, 2015).  

Entrapment efficiency (EE)

Centrifugation was used to measure CHR entrapment 
efficiency in the produced nanosuspension. 
The unentrapped CHR was removed from the 
nanosuspension using centrifugation (Eltek Overseas 

Pvt. Ltd., India) at 10000 rpm for 30 minutes (Salatin 
et al., 2017; Patil & Dhawale, 2018). 

In-vitro drug release study

The developed nanoparticles in-vitro drug release 
was assessed using the dialysis bag (DB) diffusion 
method. Before the experimental procedure started, 
the DB (Himedia, Mol. Wt. cut-off 12000 Da) was 
previously soaked in pH 1.2 HCl buffer for 24 hrs. 
The in-vitro release of CHR (50 mg) and CHRNs 
(50 mg CHR equivalent) was assessed using the 
diffusion technique and a dissolution instrument 
(Dissolution test TDT-08Lx, Electrolab, India). 
After putting CHRNs and CHR into the DB and 
soaking it in 900 mL of pH 1.2 HCl buffer for two 
hours, the experiment was started. As part of an 
ongoing study, dialysis bags were transferred to a 
pH 7.4 phosphate buffer. Maintained condition at 
37 ± 1°C with a speed of 100 rpm. At regular time 
intervals, 5 mL aliquots were collected. The sink 
condition was maintained by using the same volume 
of fresh dissolving medium and was then added to 
the dissolution container. At first, the aliquots were 
filtered, appropriately diluted and finally, absorbance 
was measured at a wavelength of 268 nm with a 
UV-vis spectrophotometer (Deshmukh et al., 2021; 
Gandhi et al., 2014).  

Results and Discussion

Particle size, zeta potential and PDI

The performance of the nanocarrier is significantly 
influenced by its size and surface charge. DLS was 
used  to examine particle size and surface charge 
(Sunoqrot & Abujamous, 2019). The most important 
factor for the effective application of this kind 
of formulation is particle size. Particle size and 
dispersion were significantly affected by the contents 
of the polymer and the surfactant (Patil & Dhawale, 
2018). The average particle diameter (Figure 2) of 
the synthesized CHRNs and zeta potential (Figure 
3) were found to be 238.1 nm and -20.1 mV, 
respectively. The polydispersity values (Figure 2) 
for synthesized CHRNs were found to be 0.434.
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Figure 3: Zeta potential of CHRNs

Fourier transform infrared spectroscopy

The interaction between the drug and polymers were 
examined using FTIR analysis of samples. Figure 
4 indicates the FTIR peaks of pure CHR, Eudragit, 
PVA, and CHRNs. In CHRNs, the intensity and 
broadening of O-H peaks have decreased. This 
may be due to the interactions between CHR and 
polymers via intermolecular H-bonds (Sunoqrot 
& Abujamous, 2019). As per the obtained FTIR 
spectrum of CHRNs, the IR absorption in the range 

1639, 1248 indicates the presence of C=C stretch 
and C-O stretch respectively, which confirms that 
the functional group of CHR was unchanged in 
the spectrum of CHRNs. CHRNs spectrum closely 
matches the spectrum of CHR and polymers which 
indicates that there isn’t any chemical interaction 
among the precursors. Furthermore, the preparation 
method was suitable to prepare CHRNs as retention 
of peaks of CHR in CHRNs were observed.

X-ray powder diffraction 

The physical characteristics of the drug that was 
encapsulated were examined using the powder XRD 
diffraction method. Diffraction patterns obtained 
for PVA, Eudragit, CHR and CHRNs are presented 
in Figure 5. The powder XRD of PVA and eudragit 
confirmed their amorphous nature. The powder 
XRD of CHR shows highly crystalline in nature. All 
the crystalline peaks of CHR were masked by the 
polymers due to encapsulation of CHR in polymers. 
Due to this, the diffraction pattern of CHRNs 
resembled that of PVA (Sunoqrot & Abujamous, 
2019). 

Figure 2: Particle size and PDI of CHRNs

Figure 4: FTIR spectra of, A. CHR, B. PVA, C. Eudragit,  
D. CHRNs                   

Figure 5: XRPD patterns of, A. PVA, B. Eudragit, C. CHR, 
D. CHRNs     

Scanning electron microscopy 

Images captured by scanning electron microscopy 
show how CHRNs and pure drugs surfaces differ 
(Figure 6). The surface morphology of the pure CHR 
(A) showed irregular shape but nanoparticles (B) are 
roughly spherical in shape and particle size varies 
in 100-400 nm range. It was also observed that the 
majority of nanoparticles were between 100 and 300 
nm in diameter.
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Entrapment efficiency

Drug entrapment efficiency was expressed as the 
percentage of CHR entrapped in these prepared 
polymeric nanoparticles and the drug: polymer 
(CHR: Eudragit: PVA) ratio was 1: 5: 5. The 
entrapment efficiency of polymeric nanoparticles 
was found to be 88.74%.

In-vitro drug release study

Using the dialysis bag diffusion method in phosphate 
buffer, pH 1.2 and 7.4, the in-vitro drug release from 
the synthesized CHR loaded nanoparticles and pure 
CHR was assessed. Over the course of 24 hrs., it 
was observed that these nanoparticles sustained the 
cumulative percentage of CHR release (% CDR) 
(Figure 7). This study discovered that the pure 
CHR released from drug suspension after 24 hrs. 
was only 45.11 %, as opposed to CHRNs at 85.54 
% (Figure 7). Higher wettability and solubility may 
result in enhanced release of CHR from the CHRNs 
due to the amorphous form of entrapped CHR in 
comparison to pure CHR. The CHRN’s improved 
dissolution profile might be the result of significant 
drug entrapment. CHR separates from the polymer-
drug combination in an aqueous media as CHR is 
released from CHRNs in a continuous way. As a 
result, CHRNs increase the rate and extent of CHR 
release in comparison to pure CHR (Deshmukh et 
al., 2021). 

Figure 7: In-vitro drug release study of pure CHR and 
CHRNs     

Conclusion

In this study, CHR loaded polymeric nanoparticles 
were prepared by using the nanoprecipitation 
technique. An optimized formulation composition 
ratio was (CHR: Eudragit: PVA) 1: 5: 5. The 
average particle size, polydispersity index and 
zeta potential were found to be 238.1 nm, 0.434, 
and -20.1 mV respectively. The FTIR analysis 
indicated the formation of intermolecular H-bonding 
between CHR and the polymers. XRD analysis also 
revealed that CHR was present in the nanoparticles 
in an amorphous state. The surface morphology 
of CHR was irregular, after encapsulation of 
CHR nanoparticles, surface morphology changed 

Figure 6: SEM images of, A. pure CHR at 10µm scale, B. CHRNs at 1µm scale
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to roughly spherical in shape. The entrapment 
efficiency of CHR was found to be 88.74%. In-vitro 
release of CHR loaded polymeric nanoparticles 
confirmed increased aqueous solubility and 
bioavailability of CHR. The drug release of CHR 
loaded polymeric nanoparticles after 24 hrs. was 
found to be 85.54% and pure drug released only 
45.11%. This study should be extended further 
in in vivo and pharmacology studies of prepared 
nanoparticles to ascertain its use as an anticancer 
drug in near future.
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