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Abstract

Introduction: Nanocomposites are used in biological research due to their
unique properties like non-toxicity and biocompatibility. In this study, a new
nanocomposite was prepared using polyurethane polymer, and the meaty
middle part of the pomegranate which infixed with nano-silver particles.
Methods: The drug (ciprofloxacin) impregnated nanocomposites
containing polyurethane polymer, meaty shortcut part of pomegranate fruit,
and silver nanoparticles were chemically synthesized. The properties of
water absorption and drug release of the nanocomposite were investigated.
SEM photomicrographs confirmed the presence of spherically dispersed
silver nanoparticles. The combination of polyurethane with different weight
percentages of pomegranate broiler was studied.

Findings and Conclusion: The best performance for drug uptake (4.85 g/g)
and release (0.45 g/I) was obtained using a combination of polyurethane
polymer with 5 g of pomegranate middling meat, and 1 g of silver
nanoparticles (NC3). SEM analysis determined the morphology and
dispersion of nanoparticles. FTIR and XRD analysis showed specific peaks
(at 2-thetas of 27.01, 38.103, 44.374, 64.541) of silver indicating successful
synthesis of the nanocomposites. By studying the particle size distribution
(PSD) of silver nanoparticles, SEM image analyses and XRD crystalline size
analysis showed that there was a very good match between these two PSDs.
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Pharmaceutical emission, ¢ W3S used to measure the quantitative dissolution of ciprofloxacin. UV-Vis
Biocompatibility analysis was used to quantitatively measure drug uptake and release. The

maximum wavelength of ciprofloxacin absorption was 270 nm in UV-Vis
= spectrophotometry analysis.
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Extended Abstract

1. INTRODUCTION

Nanocomposites compatible with biological
systems are used in drug delivery systems to
improve drug and therapeutic properties. Drugs
used for patients are often encapsulated into
these nanocomposites [1-4]. These systems
release the drug in a certain amount and at a
specific location, thus affecting pharmacokinetics
and the efficient distribution of drugs in the body.
In recent years, much attention has been paid to
the preparation of nanostructures as carriers for
drug delivery. These structures can be used to
increase drug efficiency due to controlling and
slowing drug release, protecting pharmaceutical
molecules, the smaller particle size of cells,
ability to cross biological barriers to delivering
the drug to the target site, enhanced drug
durability in the bloodstream, targeted drug
delivery, and biocompatibility as a highly
effective drug delivery system. In this regard,
various advances in related sciences such as
polymer science and chemistry, biology as well as
mechanical and physics sciences have all been
able to influence the diversity of nano-carriers
and introduce a variety of carrier categories with
unique characteristics and different efficiency to
medical sciences [5, 6]. Pomegranate contains
many polyphenolic compounds with high
antioxidant activity and free radical scanning
properties, including flavonoids, dense tannins,
and hydrolyzable tannins (al-agitanins [ETs] and
galutanins [7, 8]. ETs are considered the most
bioactive pomegranate polyphenols. The most
abundant ET in pomegranate is ponikalagin (PU).
PU is found in high amounts (greater than 2 g/L)
in pomegranate juice, which is obtained by
pressing the whole fruit and is responsible for
more than half of the total antioxidant capacity of
fruit juice [8, 9]. However, ETs are inherently
unstable compounds and are prone to
spontaneous and enzymatic hydrolysis. For
example, PU, the largest molecular weight ET
(MW) of more than 1000 Dalton (Da), is
hydrolyzed into structurally related compounds
such as ponicalin (MW 782 Da), galagic acid (MW
638 Da), gallic acid (MW 170 Da), and alagiak
acid (EA) (MW 302 Da). EA and glycoside EA are
also found in pomegranate juice but are about ten
times lower than PU concentrations. PU is
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unique to pomegranate [9-12]. The meaty
shortcuts of pomegranate and polyurethane
polymer are used in this study to synthesize new
nanocomposites with biocompatibility
conditions. This nanocomposite containing silver
nanoparticles is made with the aim of absorbing
water and drug release.

2. Materials and Methods

Using Sabziran 110 Sabziran 110 Vegetables
Chopper for 2 minutes, this part of the
pomegranate was chopped. The average size of 1
mm (80% less than 1 mm) was obtained. To
embed the silver nanoparticles inside the middle
part of the pomegranate meat, first, 0.2 g of silver
nitrate was added to a mixture of the middle part
on the meat of pomegranate (various amounts of
3,5,and 10 g), 0.05 g thiourea (CH4N2S), 30 ml
distilled water, and 4 ml NaOH (2 M). It was
stirred at 60°C for 20 min. Then, this
homogeneous mixture was irradiated for 2
minutes under microwave radiation with a
power of 700 watts [1].

Preparation of polyurethane polymer: At
first, 2 ml diphenylmethane-4,4-
diisocyanate were dissolved in 25 ml
tetrahydrofuran. Then, 8 ml of ethylene
glycol was added to it and the baker contents
were refluxed in the round bottom flask with
stirring and by binding to the distillation
column and temperature control at 60°C in
the aqua bath for 2 hours. After the reflux
operation, the samples were taken from the
round bottom flask and deposited in water.
After filtration, polyurethane polymer was
obtained [1].

Polyurethane-based nanocomposite and
meaty pomegranate (nanocomposite):
For the synthesis of nanocomposites
containing polyurethane polymer and meaty
part of pomegranate and  silver
nanoparticles, 1 g of nano-silver particles
with different amounts of 3, 5 and 10 g of the
meaty middle part of pomegranate (NC3,
NC5, NC10 coding, respectively) was added
to 2 ml diphenylmethane 4 and 4
diisocyanate, which was dissolved in 25 g
tetrahydrofuran. Next, 8 ml of ethylene
glycol was added. Then, this mixture was
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placed under reflux operation for 2 hours at
60°C. Finally, samples were taken from a
reflux round bottom flask and deposited in
water. Finally, by filtration of the sample, the
desired nanocomposite was obtained [1].

Drug loading: To load ciprofloxacin in the
nanocomposite, 1 g nanocomposite was
inserted into the porous bag and immersed
in an aqueous solution containing 2.5%
(w/w) of ciprofloxacin. Then, it was
removed from the solution to measure its
dried weight. Since the cycle of swelling and
contraction of particles is considered a
measure of drug absorption, and since it is

41 =53.58 nm

LN

Eo'= 51.08 nm

6 = 51.08 nm

{.3 =49.02 nm

much easier to measure the amount of
water, the water absorption criterion was
considered equivalent to the drug
absorption rate [1].

3. RESULTS AND DISCUSSION

FE SEM was used to investigate the external
morphology of the synthesized nanocomposite.
The image showed the presence of Ag
nanoparticles in the polymeric network (Fig. 1).
Proper distribution of nanoparticles without
agglomeration in  nanocomposite  paste
significantly  increased the activity of
nanoparticles. Since more surface area of silver
nanoparticles is provided due to its proper
dispersion, the absorption and dissemination
rate of the drug is more efficient.

L4 =47.58 nm
5

W5 — 54.90 nm

Figure 1. FE SEM image of NC5 nanocomposite.

By comparing the absorption dose of the drug in
the solution after the release from the
nanocomposite with the calibration curve, it was
found that over time, the maximum amount of
the drug was released due to swelling, and the
remainder of the drug was released until
reaching a constant value. The importance of
water absorption may be important due to the
creation of a swelled environment for drug
confinement in the crystalline network of the
nanocomposite. Drug contact with water was one
of the main factors of drug release. In other
words, the solubility drug in water first
penetrates  the polymeric network of
nanocomposite. Then, through this
nanocomposite network, it was gradually
released in the appropriate environment at
various pH conditions in the body.

4- CONCLUSION

Journal of New Materials. 2022; 13 (47): 71-90

A new nanocomposite made of polyurethane and
meaty shortcuts of pomegranate and nano-silver
particles was synthesized as an effective carrier
for ciprofloxacin. From the study of water
absorption of this type of nanocomposite with
different amounts of inter-meat part of
pomegranate, it was concluded that 1 gram of
nanocomposite made of polyurethane and nano-
silver particles and 3 g of the middle part of
pomegranate meat (NC3) had the highest
amount of water absorption and thus the
optimum amount. The study of drug release
concluded that this nanocomposite NC3 has the
highest drugloading ((4.85 g/g) and drug release
(0.45 g/1). As a result, new nanocomposites are
recommended for diffusion in body tissue.
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